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Abstract: Rapid digital transformation demands educational approaches that effectively equip students
with competencies crucial for addressing real-world sustainability challenges. This study introduces
and evaluates a Living Lab-based educational model explicitly designed to enhance collaborative
problem-solving (CPS), computational thinking (CT), and collaborative communication (CC) within
the context of elementary informatics education. Aligned with South Korea’s 2022 revised curriculum,
this quasi-experimental research involved 196 elementary students actively engaged in structured,
community-based tasks that integrated informatics concepts with authentic, real-world problems. The
findings demonstrated significant improvements in CPS and CT competencies, including problem
comprehension, algorithmic reasoning, abstraction, and ICT usage. However, advancements in CC
were comparatively modest, highlighting the necessity for explicit and structured communication
interventions within collaborative frameworks. The study confirms the effectiveness of the Living Lab-
based educational model in cultivating comprehensive competencies that are essential for sustainable
development, while also underscoring the need for further integration of targeted communication
strategies to maximize the educational impactof this model. Future implementations should prioritize
structured communication training to fully leverage the model’s interdisciplinary potential.

Keywords: informatics in K-12, living lab, STEM education, sustainable curriculumn, collaborative
problem-solving, collaborative communication, computational thinking

1. Introduction

The Fourth Industrial Revolution, characterized by rapid advancements in artificial intelligence
(Al), big data, and the Internet of Things (IoT), necessitates educational approaches that foster com-
petencies that are essential for sustainable societal development [1-3]. As these technologies become
integral to daily life, students require a blend of technical skills and advanced cognitive and social
capabilities to effectively navigate and contribute to a digitally interconnected world [4,5]. Key among
these competencies are collaborative problem-solving (CPS), computational thinking (CT), and robust
communication skills. These skills collectively enable learners to tackle complex challenges and engage
proactively in community-oriented sustainability efforts. The rise of large language models and mul-
timodal generative Al further highlights the transition from merely managing vast amounts of data
to emphasizing data quality and practical utility, enabling personalized and contextualized learning
experiences [6,7]. This technological shift significantly influences classroom strategies and curricular
designs, promoting educational models that immerse students in real-world problem-solving activi-
ties where they can collaboratively analyze authentic data and communicate findings effectively. In
alignment with these evolving educational needs, South Korea’s 2022 revised elementary informatics
curriculum emphasizes collaborative communication (CC) and interdisciplinary, project-based learning
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approaches, positioning CPS as crucial for bridging classroom knowledge with tangible community

engagement [8].

Existing educational models, however, frequently lack mechanisms for sustained community
involvement and structured communication, limiting their potential to cultivate the in-depth, transfer-
able skills required for sustainability-oriented problem-solving [9,10]. To address these gaps, this study
proposes the Living Lab-based collaborative problem-solving model(or Living Lab-based collabora-
tive problem-solving educational model), integrating community-based collaboration, computational
thinking, and structured communication within elementary informatics education. Leveraging the
Living Lab approach—an open innovation method involving collaboration among educational institu-
tions, communities, and societal stakeholders—the Living Lab-based collaborative problem-solving
educational model aims to enhance essential skills through meaningful and relevant community
engagement. This study evaluates the model’s efficacy in fostering CPS, CT, and CC, providing a
structured framework that merges theoretical knowledge with practical sustainability applications
[11].

Specifically, this research study two key questions:

e RQ1: How can a Living Lab-based educational model be systematically developed and im-
plemented to effectively integrate collaborative problem-solving, computational thinking, and
collaborative communication within elementary informatics education for sustainable community
engagement?

e RQ2: What methodologies accurately evaluate the effectiveness of the Living Lab-based educa-
tional model in enhancing elementary students’ collaborative problem-solving, computational
thinking, and collaborative communication competencies?

2. Literature Review
2.1. Integrating CPS, CC, and CT

The rapid evolution of digital technologies and the increased complexity of societal challenges
highlight the necessity for educational frameworks that cultivate competencies such as CPS, CC, and
CT [12,13]. These competencies are crucial for preparing learners to address multifaceted sustain-
ability challenges through data-driven and collaborative approaches. CPS involves collective efforts
in identifying, analyzing, and resolving shared tasks, significantly enhancing group adaptability
and coordination [14]. Effective communication, which is integral to CPS, ensures clarity, reduces
misunderstandings, and facilitates consensus-building, thereby improving collaborative outcomes [15].
Despite its importance, structured communication is frequently undervalued in educational contexts,
resulting in ineffective problem-solving processes [16].

CT offers a methodological approach to problem-solving, emphasizing problem decomposition, al-
gorithmic reasoning, and iterative processes, thus enabling students to systematically manage complex
problems [17,18]. For instance, iterative processes can be carried out through repeated algorithm refine-
ment during student-led data analysis projects, allowing learners to test and improve their solutions
incrementally. Incorporating CT within collaborative frameworks not only generates robust solutions
but also deepens learners” understanding and the practical application of informatics concepts [19,20].
To bridge theoretical learning and practical application, the Living Lab-based collaborative problem-
solving model integrates CPS, CT, and CC within authentic community contexts—such as school-based
initiatives to reduce local energy consumption or analyze transportation accessibility—promoting
meaningful engagement and tangible contributions to sustainability.

2.2. Limitations of Existing Educational Approaches

Various instructional methods, including inquiry-based learning, cooperative learning, and
project-based learning, have been developed and applied to encourage collaborative problem-solving
in classrooms [21,22]. These models typically revolve around stimulating student curiosity, prompting
them to explore topics, and guiding them to propose or prototype potential solutions. While such
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approaches can indeed spark engagement and a fundamental grasp of core concepts, they frequently
fall short of offering iterative, hands-on experiences that stretch beyond the classroom context. Addi-
tionally, students in these environments may not always receive the structure or scaffolding needed to
seamlessly weave computational thinking into their collaborative endeavors, which can hinder their
ability to tackle large-scale, data-intensive problems effectively [23,24]. Similarly, informatics education
has been identified as a promising domain for cultivating higher-order thinking skills, including logical
reasoning and problem-solving using algorithmic methods. However, practical implementations of
informatics education often concentrate on teaching specific coding languages or software tools rather
than enabling students to engage with complex, real-world issues [21,25].

Al-driven educational platforms typically prioritize individualized learning but often overlook the
importance of collaborative and communicative aspects, thus inadequately preparing learners for real-
world group dynamics [26]. Moreover, classroom-based collaborative tasks usually restrict interactions
to small-scale, hypothetical scenarios, failing to expose learners to the complexity and diversity of
real-world challenges. Therefore, educational frameworks must explicitly integrate community-based
collaborations and structured communication strategies to enhance learners” empathy, negotiation
skills, and consensus-building capabilities, essential for addressing authentic sustainability issues.

2.3. Theoretical Foundations of the Living Lab-based Collaborative Problem-Solving Educational Model

The Living Lab approach has increasingly been recognized as a powerful educational model, fos-
tering authentic, co-creational learning environments that effectively integrate theoretical knowledge
and practical experiences. Research by Chapagain and Mikkelsen (2023) highlights how LL methodolo-
gies support collaborative learning by involving students in real-world community projects, promoting
active participation and meaningful engagement [11]. Lakatos et al. (2024) further underline LL’s
role in addressing complex sustainability challenges through open innovation networks, emphasizing
stakeholder collaboration and iterative experimentation [27]. In alignment with these perspectives,
Rogers et al. (2023) demonstrate the effectiveness of LL settings in enhancing students’ experiential
learning, emphasizing that authentic tasks significantly enhance learners’ intrinsic motivation and
practical problem-solving abilities [28]. Complementing this, Leminen et al. (2012) position Living
Labs as open-innovation environments, where students not only acquire theoretical knowledge but
actively participate in innovation processes through structured collaboration with various stakeholders
[29]. Son and Kim (2024) provide critical insights into how informatics-based competencies intersect
with interdisciplinary educational goals within the 2022 revised elementary curriculum [30]. Their
competency analysis underscores the necessity of systematically integrating collaborative problem-
solving, computational thinking, and communication within educational frameworks to foster holistic
learner development. Specifically, their study highlights computational reasoning and collaborative
engagement as foundational competencies, proposing the structured integration of these skills can
significantly enhance interdisciplinary problem-solving capabilities in elementary education contexts.

a. Building upon these theoretical foundations, the Living Lab-based educational model explicitly
integrates three instructional pillars to address existing pedagogical gaps identified in related studies:

b. Authentic problem-solving: Engages students in real-world community issues, fostering
intrinsic motivation and ethical considerations in technology application.

c. Computational thinking Integration: Encourages systematic problem-solving through itera-
tive prototyping, algorithmic reasoning, and structured data analysis, preparing students to handle
complexity effectively.

d. Structured communication Development: Provides explicit training in effective dialogue,
negotiation, and constructive feedback, recognizing communication as a skill that requires deliberate
instructional strategies rather than implicit acquisition.

The Living Lab-based collaborative problem-solving educational model operationalizes these
pillars into an instructional framework, guiding learners from initial problem observation through
iterative community collaboration toward meaningful societal impact. Consequently, the development
and application of sustainable Living Lab-based educational models, such as the Living Lab-based
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collaborative problem-solving educational model framework, are critical for equipping learners with
essential competencies to effectively address complex sustainability challenges in dynamic societal
contexts.

3. Materials and Methods

Prior to detailing the competency classification process, it is essential to outline the overall
framework guiding the implementation of the Living Lab model. The existing Living Lab curriculum
has been systematically divided into two distinct yet complementary environments: the School Living
Lab and the Village Living Lab. The School Living Lab emphasizes structured classroom-based learning
activities aimed at developing foundational competencies such as CPS, CT, and CC. In contrast, the
Village Living Lab extends these competencies into practical, community-based experiences, providing
students with opportunities to apply their skills in authentic, real-world contexts. Figure 1 visually
represents this division of the Living Lab curriculum into school-based and village-based educational
contexts, clearly illustrating how the two components interconnect and complement each other to
enhance experiential and competency-based learning [30].

School Living Lab Village Living Lab

1 v
Teaching& Identify . . Community
Learning community —p To::zlgglt:tt;on —> é:g:gnl;::t — Problem
Stages issues Solving
« Select T
, stakeholder « Select Topic « Plan activities « Share results
Teachlr_wg & « Identify « Understand * Share * Receive
Lea_rm_ng community assoclated perspectives stakeholder's
Activities issues knowledge « Create feedback
« Select joint prototypes * Improve&Retry
problems l
Facilitate indirect Facilitate indirect
stakeholder stakeholder
participation participation

Figure 1. Division of the existing Living Lab curriculum into School and Village Living Labs.

3.1. Competency Classification through Natural Language Processing

To systematically analyze and classify informatics-based competencies that are essential for
interdisciplinary learning and real-world sustainability challenges, leveraging advanced computational
techniques such as natural language processing (NLP) is crucial. NLP methods offer the capability to
efficiently process extensive textual data, uncovering semantic relations and enhancing precision. In
preparation for implementing the School Living Lab, this study specifically analyzed the competency
definitions provided in the curricula of five elementary school subjects—language, mathematics, social
studies, and science. Although these subjects emphasize similar core competencies, such as CPS,
CC, and CT, their definitions vary significantly across the curricula. This targeted, definition-based
analysis ensures a comprehensive understanding of how these competencies intersect and differ within
fundamental educational contexts, effectively supporting the structured design and development of
the School Living Lab framework as part of the broader integrated educational model.[31-33]. The
detailed NLP methodology employed in this study comprises several sequential stages, illustrated in
Table 1.
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Table 1. Natural language processing methodology for competency classification.

Stage Description

Text Preprocessing Tokenization: Divide the text into words, phrases, etc.
Lemmatization: Convert words to their base or root form.
Stopword Removal: Remove common words not essential for under-
standing the context.

Vectorization: Transform text into vector models by evaluating word

Feature Extraction .
importance.

Cosine Similarity Measurement: Measure cosine of angles between

Semantic Similarity Measurement . L .
vectors in multidimensional space.

Clustering Hierarchical Clustering: Build hierarchical clusters.
Mapping to Definitions Remapping to Competencies: Remap clusters based on similarity scores.
Expert Review Two experts reviewed and validated competency mappings.

Three computer education experts independently reviewed the mapped competencies using a
triangulation approach to ensure accuracy and validity. Due to cosine similarity scores often falling
below the meaningful threshold of 0.4, methodological and researcher triangulation approaches were
utilized. Methodological triangulation involved quantitative text analysis methods, including tokeniza-
tion, lemmatization, stopword removal, vectorization, cosine similarity measurement, and hierarchical
clustering. Researcher triangulation consisted of independent expert analyses and subsequent com-
parisons. Cohen’s Kappa was applied to evaluate reliability, with values above 0.6 indicating strong
agreement among researchers [34-36]. This comprehensive approach confirmed the robustness and
validity of the competency classification results, as illustrated in Figure 2.

Expert Review

Triangulation
Analysis

Text Preprocessing < » ¢ i
Feature Extraction Alappingreliiidens

Semantic similarity Measurement
Clustering

Figure 2. Triangulations analysis of the classification procedure.

The results indicated that the curriculum included many core competencies directly related to
CPS, which were supported by other competencies in a complementary role, as illustrated in Figure 3.
Consequently, this relationship and the centrality of CPS were considered to be critical factors in
developing and validating the effectiveness of the educational framework.
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Figure 3. Centrality of CPS and Complementary Role of Other Competencies in the Curriculum.

3.2. Building Living Lab-based Collaborative Problem-Solving educational model

In developing a comprehensive Living Lab-based educational model, this study utilized a struc-
tured approach incorporating detailed factor analysis and iterative design processes. This methodolog-
ical strategy aimed to effectively integrate CPS, CC, and CT within educational contexts, enhancing
practical applicability and community engagement.

3.2.1. Designing Educational Activities Based on Factor Analysis of CPS, CC, and CT

To effectively integrate the competencies of CPS, CC, and CT, this study utilized validated as-
sessment tools and expert reviews to identify and select four specific measurement variables for
each competency. These selected variables include establishing collaborative methods, and applying
problem-solving strategies, fair participation and feedback, and ICT usage (CPS); information gather-
ing, listening, creative communication, and understanding others’ perspectives (CC); and problem
comprehension, abstraction, algorithmic procedures, and automation (CT) [37-39]. Descriptive statisti-
cal analyses were conducted to verify the relevance and applicability of these variables, as presented
in Table A1.

Based on these analyses, a draft educational model was constructed, consisting of sequential
stages: critical observation and problem identification in the surrounding environment; recogniz-
ing and applying data-driven rules; creatively forming new rules collaboratively; abstraction and
algorithm design; and expressing understanding through interactive play activities. Each stage in-
cludes structured guidance, relevant data considerations, problem-solving tasks, and cooperative
interactions designed to reinforce the core competencies. This systematic approach bridges theo-
retical concepts with practical problem-solving skills, fostering active learner participation and the
meaningful integration of computing concepts within real-world contexts.

3.2.2. Refining the Living Lab Model through Educational Community Design

The Village Living Lab is systematically structured through the community design method,
emphasizing active participation, communication, and collaboration among community members.
Over time, scholars have significantly evolved the community design paradigm. Yamazaki Ryo (2012),
in particular, reshaped the community design concept by defining it as "designing connections among
people,”" emphasizing participation, relationships, and communication as core values. Community
design, therefore, integrates creative activities within the framework of interpersonal and community
relationships, transforming public spaces into multifaceted platforms for community interaction [40].

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Based on these principles, this study proposed key elements of the Village Living Lab, which
were reviewed by nine experts. These elements are outlined in Table 2:

Table 2. Key elements of the Village Living Lab design

Element Description
Participant opinions are integrated, with active involvement in executing plans
Participation through formal democratic decision-making processes, enhancing participant ac-
countability.

Members proactively express their views and formulate alternatives on critical
decisions that directly or indirectly impact their futures.

Effective use of human, natural, cultural, and social resources to vitalize the commu-
nity and increase the value of local assets.

Effective exchange and distribution of resources and information among experts,
Network administration, local communities, and schools, enhancing community dynamism
and facilitating the realization of ideal plans through synergy.

Emphasis on social, economic, environmental, and cultural sustainability to ensure
long-term community development.

Empowerment

Resource Practical Use

Sustainability

Building upon these paradigms and elements, stakeholders extensively discussed redefining the
community concept specifically for educational applications within the Living Lab context. The concept
serves as a common understanding framework, aiding judgment and shared experiences among
participants. Given the multifaceted and complex nature of the Living Lab community, premature or
overly rigid conceptualization could restrict learner thought and universal understanding. Therefore,
experts employed a collective intelligence approach, focusing on cooperative systems between schools
and external communities. Utilizing the nominal group technique (NGT), a structured method
leveraging participants’ experiences, skills, and feelings, the experts generated innovative and original
keyword-based ideas [41]. These keywords were subsequently clustered according to related meanings
and functions, creating an abstract conceptual framework.

Students begin by forming groups around common interests in applying technology to real-world
problems, such as environmental sustainability or education. They identify relevant local experts,
create collaborative strategies, and refine their projects through expert feedback. The effectiveness of
these technology-based solutions is evaluated through peer, teacher, and expert feedback, along with
reflections on the broader social impact and personal learning experiences. This comprehensive process
integrates community collaboration, practical problem-solving, and reflective evaluation, effectively
enhancing students” competencies in collaborative problem-solving, computational thinking, and
collaborative communication. Based on these structured interactions and learning processes, detailed
educational design principles were systematically compiled and they are outlined in Table A2. These
principles serve as foundational components for the final Living Lab framework and evaluation
methodology presented in the subsequent section, ensuring logical coherence and systematic alignment
across the educational model.

3.3. Final Living Lab Framework and Evaluation Methodology

The final Living Lab framework, as illustrated in Figure 4, integrates both School and Village
Living Lab environments into a cohesive educational model. This framework systematically embeds
the core competencies of CPS, CC, and CT within practical and theoretical contexts, creating a dynamic,
community-driven educational experience.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 4. Living Lab-based Collaborative Problem-Solving educational model Framework Procedure.

To rigorously assess the effectiveness of this framework, confirmatory factor analysis (CFA) and
multiple regression analysis (MRA) will be conducted. CFA was chosen to statistically validate whether
the identified competency factors(CPS, CT, and CC)appropriately represent the underlying theoretical
constructs that guided the framework’s development. This method assesses the internal validity and
reliability of competency measures, confirming the structural integrity of the proposed model.

Subsequently, MRA will be employed to examine how well the validated competency factors
predicted educational outcomes within the Living Lab framework. MRA enables an understanding of
the relative impact and significance of each competency (CPS, CC, and CT) on students’ overall learning
achievements and skill development. Through these combined analyses, as depicted in Figure 5, the
robustness of the Living Lab framework is thoroughly evaluated, confirming its effectiveness and
suitability for fostering interdisciplinary competencies and practical skills in real-world contexts.

Distributed under a Creative Commons CC BY license.
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Figure 5. Structural equation model of confirmatory factor analysis and multiple regression for validating the

Living Lab framework.

3.4. Research Participants and Sample Selection

To rigorously evaluate the effectiveness of the Living Lab framework described in the previous
sections, the study engaged 196 K-12 students (Grades 3-6) enrolled in software education aligned
with the informatics curriculum. A cluster sampling method was employed, grouping students by
their respective schools and class units, to ensure comprehensive representativeness across grade
levels, regional backgrounds, and previous informatics experience [42]. This methodological approach
provided a diverse sample essential for thoroughly validating the proposed educational model.

This study utilized a quasi-experimental design to systematically assess the effectiveness of the
Living Lab-based Collaborative Problem-Solving educational model compared to traditional teaching
methods. The independent variable in this design was the Living Lab-based Collaborative Problem-
Solving instructional approach, characterized by an integrated framework explicitly combining CPS,
CC, and CT within informatics education. The dependent variables were the CPS, CC, and CT
competencies, which were measured to observe their development over time among participants.

Ethical considerations were rigorously observed throughout the research process. The study
received prior approval from the Institutional Review Board (IRB) of Korea National University of
Education (Approval Number: KNUE-202302-ETC-0013-01). A complete research proposal, including
participant information sheet, informed consent form, and survey instruments, was submitted for re-
view, and necessary modifications were made to ensure full ethical compliance before implementation.

Given that the participants were minors under the age of 18, both written informed consent from
legal guardians and assent from the students themselves were obtained. All participants and their
guardians received detailed explanations via official school notices regarding the study’s objectives,
duration, procedures, potential risks and benefits, data protection protocols, and the voluntary nature
of participation. It was emphasized that participation would not affect students” academic performance
or classroom evaluations, and that withdrawal was permitted at any time without any disadvantage.

No personally identifiable information was collected during the study, ensuring anonymity and
confidentiality. Participants received no financial compensation or academic incentives. Additionally,
procedures were in place to respect the autonomy of participants, including the immediate withdrawal
and disposal of any data upon request. In practice, no participants withdrew from the study.

This careful adherence to ethical standards reinforced the reliability and integrity of the study;
supporting a valid interpretation of the outcomes presented in the subsequent results section.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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To enable a clear comparative analysis, two distinct groups were established. The experimen-
tal group participated in Living Lab-based collaborative problem-solving educational model-based
lessons designed to align informatics concepts closely with community-driven tasks, explicitly incor-
porating iterative computational activities and structured communication training. Conversely, the
control group experienced traditional teacher-led instruction aimed at the same curricular objectives
but without systematic integration into real-world problem-solving scenarios or specialized communi-
cation strategies. Both groups underwent an identical 15-week instructional period, and standardized
lesson outlines and assessment guidelines were provided to instructors to control for potential biases.

Pre-tests and post-tests were conducted to accurately measure changes in students” CPS, CC,
and CT competencies before and after the instructional period. This measurement approach enabled
the precise tracking of students’ growth in collaborative abilities, communication effectiveness, and
computational thinking skills attributed specifically to the Living Lab-based collaborative problem-
solving educational model instructional method. By comparing outcomes between the experimental
and control groups, this study aimed to determine whether targeted, community-oriented instructional
practices produced statistically significant improvements in these key competencies.

4. Results

The effectiveness of the Living Lab-based educational model was rigorously evaluated through
detailed pre- and post-test comparisons between control and experimental groups across several core
competencies. Table 3 provides a comprehensive overview of the statistical findings, clearly illustrating
differences in competency development between the two instructional approaches.

In the control group, which experienced traditional instructional methods, improvements were
minimal and limited to specific competencies such as ICT usage (Factor 4), information gathering
(Factor 5), and algorithmic procedures (Factor 11). These findings indicate that while traditional
instructional methods may address certain isolated competencies, they fall short in comprehensively
enhancing broader competencies, particularly those requiring complex cognitive processing and
collaborative interactions. This limited improvement underscores the constraints inherent in con-
ventional teaching methods, highlighting their inadequacy in fostering the holistic development of
CPS, CC, and CT. In stark contrast, students exposed to the experimental group, utilizing the struc-
tured and community-oriented Living Lab-based educational model, demonstrated substantial and
widespread competency advancements. Specifically, significant gains were documented in applying
problem-solving strategies (Factor 2), fair participation and feedback (Factor 3), ICT usage (Factor
4), listening skills (Factor 6), creative communication (Factor 7), understanding others’ perspectives
(Factor 8), problem comprehension (Factor 9), algorithmic procedures (Factor 11), and automation
(Factor 12). These substantial improvements suggest that the Living Lab-based educational model,
with its emphasis on authentic, iterative, and community-linked problem-solving tasks and structured
communication practices, effectively addresses the multidimensional nature of these competencies.
Students in this group were clearly able to develop more sophisticated, integrated skill sets, reflecting
a deeper cognitive and interpersonal engagement fostered by the structured experiential learning
environment.

4.1. Pre- and Post-Test Comparisons within Control and Experimental Groups

The clear contrast between the outcomes of the control and experimental groups highlights the
importance and efficacy of systematically structured, authentic, and community-oriented instructional
approaches. These findings emphasize the necessity of embedding iterative computational activities,
structured collaborative interactions, and explicit communication training within educational frame-
works. Furthermore, these robust comparative results lay a solid foundation for subsequent analytical
procedures, including multiple regression analyses, to further elucidate predictive relationships among
the competencies fostered by the Living Lab-based educational model. This detailed investigation
helps clarify the model’s capability to support comprehensive, sustainable competency development,
crucial for addressing real-world interdisciplinary challenges.
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Table 3. Pre- and post-test comparisons within control and experimental groups
Competency Factor Grp. Pre-test Mean Post-test Mean p-value
CPS Factor 1 Control 3.30 3.44 .268
Exp. 3.54 3.69 229
Factor 2 Control 3.41 3.45 .703
Exp. 3.44 3.93 <.001***
Factor 3 Control 3.54 3.65 .343
Exp. 3.52 3.87 .020*
Factor 4 Control 3.45 3.86 .012*
Exp. 3.40 3.82 .002**
CC Factor 5 Control 3.55 3.86 .029*
Exp. 3.45 3.76 .055
Factor 6 Control 3.32 3.47 184
Exp. 343 3.89 .001***
Factor 7 Control 3.32 3.54 .091
Exp. 3.31 3.81 .006**
Factor 8 Control 3.51 3.58 525
Exp. 3.31 3.67 .018*
CT Factor 9 Control 3.40 3.50 364
Exp. 341 3.82 .005**
Factor 10 Control 3.46 3.67 113
Exp. 3.52 3.78 .058
Factor 11 Control 3.28 3.49 .039*
Exp. 3.49 3.77 .026*
Factor 12 Control 3.55 3.63 571
Exp. 3.37 3.78 .0071%**

*p <.05,*p<.01,** p <.001 *Factor descriptions:  Factor 1: Establishing collaborative methods;  Factor 2: applying
problem-solving strategies; Factor 3: fair participation and feedback; Factor 4: ICT usage; Factor 5: information gathering;
Factor 6: listening skills; ~ Factor 7: creative communication;  Factor 8: understanding others’ perspectives; Factor 9:
problem comprehension;  Factor 10: abstraction; Factor 11: algorithmic procedures; ~Factor 12: automation.

4.2. Multiple Regression Analysis

To further explore the predictive relationships among competencies enhanced by the Living
Lab-based collaborative problem-solving educational model, detailed multiple regression analyses
were conducted, as summarized in Table 4. These analyses aimed specifically to identify how CC and
CT competencies specifically influenced CPS and its individual sub-factors. The comprehensive results
and interpretations for each specific analysis are elaborated below.

In assessing the establishment of collaborative methods, the analysis revealed four significant
predictive competencies: problem comprehension (8 = .208, p = .021), creative communication
(B = .187, p = .013), automation (8 = .200, p = .012), and understanding others’ perspectives (8 = .160,
p = .031). Collectively, these variables explained 43.1% of the variance. Problem comprehension’s
significance underscores the need for a clear, shared understanding of collaborative objectives. Creative
communication again emerged as essential, highlighting its role in fostering innovative and inclusive
interaction methods. Automation’s contribution indicates the beneficial integration of structured and
efficient processes to enhance collaborative effectiveness. Lastly, understanding others’ perspectives
underscores empathy and effective interpersonal dynamics as vital to establishing cooperative working
environments.
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Table 4. Multiple regression analysis predicting CPS competencies

Dep. Var.? Predictor B p-value  R?
Problem comprehension .208 .021*
Creative communication 187 .013%

Collab. methods Automation 200 o12r B
Understanding others’ perspectives .160 .031*

L Problem comprehension 080  <.001***

PS application Automation 073 ooor 462
Problem comprehension 216 .024*

Participation and feedback  Abstraction .165 .033* 352
Listening skills 153 .049*
Problem comprehension 355 <.001***

ICT usage Information gathering 215 .011* 427
Abstraction 151 .037*

*p<.05*p<.01,***p<.001* Dependent variables: Collab. methods = establishing collaborative methods, PS
application = application of problem-solving strategies, Participation and Feedback = fair participation and feedback

The multiple regression analysis for the application of problem-solving strategies identified
problem comprehension (8 = .080, p < .001) and automation (8 = .073, p = .009) as significant
predictors, explaining 46.2% of the variance. The pivotal role of problem comprehension reaffirms
its central importance, reflecting how well students grasp the complexity and nuances of a problem
before selecting appropriate strategies. Automation’s significant contribution suggests the efficient,
systematic application of standardized processes enhances the consistent implementation of strategic
solutions. This finding emphasizes the need for educational approaches that systematically guide
students in structured, automated problem-solving methods.

For fair participation and feedback, significant predictors included problem comprehension (8 =
216, p = .024), abstraction (8 = .165, p = .033), and listening skills (8 = .153, p = .049). Together, these
variables accounted for 35.2% of the variance. Problem comprehension’s predictive strength suggests
that a clear, collective understanding of group tasks facilitates equitable participation. Abstraction’s
contribution points to the importance of generalizing key ideas and effectively communicating these
during collaborative feedback processes. The significant predictive role of listening skills emphasizes
active and empathetic engagement with peers’ contributions, enhancing fairness and constructive
group interaction.

ICT usage analysis indicated that problem comprehension (8 = .355, p < .001), information
gathering (8 = .215, p = .011), and abstraction (8 = .151, p = .037) were significant predictors,
collectively explaining 42.7% of the variance. The strong predictive impact of problem comprehension
highlights the necessity of accurately interpreting and understanding problems to effectively utilize
ICT tools. Information gathering underscores the importance of effectively sourcing and integrating
data and resources via ICT platforms, while abstraction emphasizes simplifying and generalizing
complex information into accessible formats for efficient technology-driven solutions.

These multiple regression analyses, as detailed in Table 4, collectively underscore the interconnect-
edness of the competencies developed through the Living Lab-based collaborative problem-solving
educational model. Each analysis reveals distinct yet complementary roles of computational thinking,
collaborative communication, and structured problem-solving skills, further validating the integrated
approach of the Living Lab-based collaborative problem-solving educational model framework in
achieving comprehensive educational outcomes.

5. Discussion
5.1. Interpretation of Findings

The results of this study highlight the effectiveness of the Living Lab-based collaborative problem-
solving educational model in significantly enhancing elementary students’ competencies in collabo-
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rative problem-solving (CPS) and computational thinking (CT). The Living Lab-based collaborative
problem-solving educational model-which integrates real-world, community-linked tasks into infor-
matics education-facilitated substantial improvements in various critical areas, including problem
comprehension, algorithmic thinking, abstraction, automation, and ICT usage. These outcomes align
closely with existing research indicating that authentic, structured, and contextually meaningful tasks
significantly contribute to deeper cognitive engagement, enhanced learning retention, and practical
skill application. Specifically, the experimental group’s substantial gains in problem comprehension
reflect the students’ increase ability to thoroughly analyze and understand complex problems before
devising strategic solutions. This aligns with the recognized importance of initial problem identifica-
tion and comprehension as foundational steps in effective problem-solving processes. Additionally,
improvements in algorithmic thinking and automation suggest that students were effectively guided
in adopting structured, systematic approaches, enabling them to apply learned problem-solving strate-
gies consistently and efficiently. Enhanced abstraction skills indicate that students successfully learned
to distill and generalize complex information, which is essential for transferring knowledge and skills
across varied contexts.

Despite these considerable advancements in CPS and CT competencies, the observed improve-
ments in CC were comparatively modest, particularly concerning creative communication, active
listening, and understanding others’ perspectives. This discrepancy highlights the inherent complexity
of developing interpersonal communication skills, which typically require more extensive, deliberate
instructional support compared to technical competencies. Communication involves nuanced, sub-
tle interpersonal dynamics and social interactions that may not naturally emerge from group tasks
without explicit intervention. The findings suggest that collaborative communication skills necessitate
structured and targeted instructional strategies, such as guided reflective dialogues, structured feed-
back mechanisms, empathy-building exercises, and explicit practice in perspective-taking and active
listening.

Therefore, this study underscores the need for comprehensive instructional frameworks that
balance the explicit teaching of technical and cognitive skills with targeted communication strategies.
By explicitly incorporating structured and reflective communication practices within educational
interventions, educators can effectively address the complexity of communication skill development,
thereby promoting balanced and holistic competency enhancement. These considerations identify both
the strengths and limitations of the current LL-CPS model, indicating specific areas for instructional
refinement to optimize student learning outcomes comprehensively.

5.2. Theoretical Implications

This research study contributes significant theoretical advancements in informatics education by
introducing and validating the Living Lab-based collaborative problem-solving educational model.
The Living Lab-based collaborative problem-solving educational model presents a comprehensive
and integrated framework that sustainably develops core competencies in CPS, CC, and CT within
authentic community-linked contexts. This approach significantly extends beyond traditional, frag-
mented competency development methods by highlighting systematic interconnections among these
essential competencies. Furthermore, this study provides empirical evidence supporting the theoretical
assertion that explicitly addressing communication competencies through structured instructional
interventions is critical. It advances theoretical understanding by clearly demonstrating how structured
and deliberate communication training enhances interpersonal skill development, which is vital for
effective collaboration and sustained educational outcomes.

5.3. Practical Implications

This study offers substantial practical implications for educators and instructional designers
by detailing a structured, systematic instructional approach through the Living Lab-based collabo-
rative problem-solving educational model. Practically, the model’s clearly delineated instructional
stages—preparation, development, execution I, execution II, and evaluation—provide educators with
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actionable strategies that can be directly implemented in classroom settings. Each stage outlines spe-
cific activities-from initial problem identification and data collection to solution refinement, evaluation,
and reflection-facilitating clear and coherent instructional planning.

Moreover, the Living Lab-based collaborative problem-solving educational model’s dual struc-
ture, consisting of the School Living Lab and Village Living Lab, extends the learning environment
beyond traditional classroom boundaries, enabling meaningful engagement with real-world com-
munity challenges. This extended approach significantly enhances student motivation, as learners
actively participate in authentic, impactful tasks, experiencing direct connections between academic
content and real-life applications. Educators are encouraged to integrate targeted and structured
communication-focused strategies into their instructional practices. Methods such as guided reflective
dialogues, structured peer feedback, explicit instruction in active listening, empathy training, and
role-playing activities are emphasized. These structured interventions are designed to systematically
cultivate students’ collaborative communication skills, addressing identified gaps in typical instruc-
tional practices. Additionally, the successful implementation of the Living Lab-based collaborative
problem-solving educational model necessitates ongoing professional development for educators.
Continuous training programs should equip teachers with competencies in interdisciplinary instruc-
tion and data-driven problem-solving, and facilitate collaborative and community-oriented learning
experiences. Regular workshops, peer mentoring, and professional learning communities can provide
essential support for educators, ensuring sustained instructional effectiveness and adaptability to
evolving educational demands.

Overall, by adopting the Living Lab-based collaborative problem-solving educational model,
educators gain a robust framework that promotes the comprehensive, sustainable development of key
competencies, preparing students effectively for collaborative, interdisciplinary problem-solving in
diverse real-world contexts.

5.4. Policy Implications

From a policy standpoint, the findings advocate for curricular frameworks that emphasize in-
terdisciplinary, collaborative, and real-world problem-solving tasks. Policymakers should ensure
adequate resource allocation for technology integration, facilitate robust school-community partner-
ships, and adopt flexible, comprehensive assessment methods that value both collaborative processes
and outcomes. Recognizing and explicitly supporting structured communication instruction within
these frameworks can significantly enhance holistic educational outcomes, preparing students to
navigate complex, technology-driven societies effectively.

5.5. Future Research Directions

This research suggests multiple promising areas for future inquiry. Longitudinal studies could
explore how competencies, particularly communication skills, develop over extended periods under
the Living Lab-based collaborative problem-solving educational model. Comparative studies across
different educational contexts and cultural settings could provide insights into effectively adapting the
educational model more broadly. Additionally, the incorporation of advanced technological tools, such
as Al-driven analytics, could offer valuable insights into real-time communication dynamics, further
refining instructional methods and enhancing their effectiveness.

6. Conclusions

This study establishes the Living Lab-based Collaborative Problem-Solving educational model
as an effective and sustainable approach for developing elementary students’ collaborative problem-
solving, computational thinking, and- to a lesser degree-collaborative communication competencies.
Through the structured integration of authentic, community-oriented tasks, the Living Lab-based
collaborative problem-solving educational model significantly enhances critical cognitive and technical
skills essential for problem-solving in real-world contexts. However, explicit and targeted instruc-
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tional strategies are necessary to fully address the identified gaps relating to communication skill
development.

The theoretical, practical, and policy implications presented emphasize the model’s comprehen-
sive and sustainable nature, highlighting opportunities for further refinement and application. Future
research is encouraged to explore longitudinal effects, cross-contextual adaptability, and technological
integration in order to continually enhance instructional effectiveness. Ultimately, the Living Lab-based
educational model offers a robust framework that prepares learners comprehensively to meet complex
collaborative and technological challenges, effectively contributing to the goal of building a sustainable
and interconnected future.

Appendix A
Table Al. Descriptive statistical results of selected competency variables
Competency Variable M  SD Skewness Kurtosis
Establishing collaborative methods 343 0.96 -0.35 -0.39
cPs Applying problem-solving strategies 3.48 0.85 0.15 -0.86
Fair participation and feedback 3.54 0.88 0.16 -1.38
ICT usage 343 0.86 0.11 -0.66
Information gathering 349 0.95 -0.02 -1.16
cc Listening 3.35 0.96 0.13 -0.91
Creative communication 3.34 1.06 -0.22 -0.84
Understanding others’ perspectives ~ 3.44  0.89 0.06 -0.74
Problem comprehension 349 0.94 -0.51 0.03
CT Abstraction 343 091 -0.01 -0.60
Algorithmic procedures 3.37 0.99 0.04 -0.97
Automation 349 0.92 0.03 -0.82
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Appendix B
Table A2. Educational design principles and descriptions
Design Principle Description
Students explore their school or community, identifying areas for improvement
Observation [43]. They select a specific issue to investigate [44]. Learners determine the types

of data needed to address their chosen problem [45]. They collect and measure
relevant information, including opinions from peers or community members [46].

By analyzing collected data, students identify emerging pattern, test initial hypothe-
ses, and predict possible trends [47]. Students examine how identified patterns
relate to their selected problem [48,49]. They visually map connections between
patterns and viable solutions.

Recognizing Patterns

Learners reflect on the significance of collected data, documenting insights and
Forming Patterns refining problem definitions [47,50]. Students generate diverse ideas to solve the
issue recording multiple possibilities and evaluating their feasibility [51].

Small-group discussions allow learners to merge overlapping concepts and refine
solutions [52]. Feedback loops ensure iterative improvements. Students focus on
essential components of the problem [53,54]. They design simplified algorithms to
capture key solution principles [55,56].

Abstraction

Learners use creative play to represent problem states and transitions [57,58].
Algorithmic thinking is applied to plan sequential steps toward a solution. Students
form specialized teams based on IT applications [16], identifying areas where
additional knowledge is required.

Expressing through Play

With teacher guidance, learners create an expert map, identifying professionals
Implementation who can provide insights. Through direct communication or virtual meetings,
students collaborate with specialists to refine their project ideas [59,60].

Students assess whether their proposed solution effectively addresses the problem
[61,62]. Feedback is collected from peers, teachers, and community stakeholders

Evaluation [63,64]. Learners examine broader ethical and societal considerations related to IT.
Findings are synthesized into presentations highlighting computational solutions
and social responsibilities [65,66].
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