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ABSTRACT 

Microcontroller and microprocessor-based projects are increasingly 

adopted in engineering and technology education for further innovation, 

problem-solving, and sustainability outcomes. Despite increasing interest 

in this area, there is limited evidence regarding the contribution of 

microcontroller and microprocessor-based projects to Sustainable 

Development Goals (SDGs) when implemented within structured 

pedagogical frameworks. This study examined student perceptions of 

projects aligned with SDG 4 (Quality Education), SDG 9 (Industry, 

Innovation, and Infrastructure), and SDG 17 (Partnerships for the Goals), 

utilizing the Technological Pedagogical Content Knowledge (TPACK) 

model as a guiding framework. The study adopted a descriptive quantitative 

research design involving 43 third-year and fourth-year undergraduate 

computer engineering students who completed the microcontroller and microprocessor-based projects with 

sustainability. The data were collected through a 50-item validated TPACK-SDG questionnaire and analyzed using 

descriptive and inferential statistical methods. The results found a strong positive response with an overall TPACK 

integration rating of 87.8% (Strongly Agree). The highest scores were obtained in Pedagogical Content 

Knowledge (PCK, 4.40) and Technological Pedagogical Knowledge (TPK, 4.40) which indicates the effectiveness 

of project-based, interactive and socially relevant instruction. In contrast, Technological Content Knowledge 

(TCK, 3.93) received the lowest rating, indicating that support to apply microcontroller and microprocessor 

technology to specific sustainability outcomes such as renewable energy, health, and environmental systems needs 

to be increased. These results suggest that the application of microcontroller and microprocessor projects based 

on SDGs and TPACK can be a model that can be replicated in technical courses to promote the integration of 

sustainability, innovation, and partnership in higher education curricula. 

Keywords: Microcontroller And Microprocessor-Based Projects; Pedagogical Integration; Sustainable 

Development Goals; Technological Pedagogical Content Knowledge; Undergraduate Engineering Education 

 

INTRODUCTION 

Rapid technological change has reshaped education, requiring teaching and learning to move beyond 

traditional boundaries to cultivate globally competent, innovative, and sustainability-driven learners. The 

microcontroller and microprocessor-based projects, such as those utilizing Arduino and Raspberry Pi 

technologies, have become valuable tools for promoting hands-on and problem-oriented learning experiences that 
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simulate authentic engineering and sustainability challenges aligned with the United Nations Sustainable 

Development Goals (SDGs) (Savelidi et al., 2022). Despite this trend, the student perspective regarding the 

effectiveness of microcontroller and microprocessor-based learning in achieving SDG-oriented learning outcomes 

remains limited (Dat et al., 2024). Existing research focused on technical skill acquisition, project design, and 

hardware performance with limited attention to the development of wider competencies such as sustainability 

awareness, innovation, and social responsibility (Garcia-Tudela & Marin-Marin, 2023; AlAli et al., 2023). This 

gap is critical since achieving the SDGs requires learners to develop not only technological knowledge but also 

an understanding of its social, environmental, and ethical implications (Sari et al., 2022). 

In the Philippines, educational reforms like Education 4.0 and Outcome-Based Education aim to prepare 

graduates who are innovative, socially responsible, and aligned with sustainability goals (Widyakusuma & Hakim, 

2024; Guerra & Rodriguez-Mesa, 2021). However, many technology and engineering programs still face 

challenges to effectively embed sustainability and interdisciplinary perspectives into practical, technology-based 

instruction. While microcontroller and microprocessor-based projects enhance creativity and technical skills, their 

role in promoting SDG-oriented learning outcomes remains underexplored. This highlights the need to design 

these projects and implemented to achieve deeper  educational objectives (Kioupi & Voulvoulis, 2020). 

To address this challenge, the present study employs the Technological Pedagogical and Content 

Knowledge (TPACK) framework to examine students’ perceptions of microcontroller and microprocessor-based 

projects’ effectiveness in achieving SDG-oriented learning outcomes (Rahman & Mehnaz, 2024). The TPACK 

framework provides a comprehensive understanding of how technology, pedagogy, and content knowledge 

interact to create meaningful and contextually relevant learning experiences (Diamah et al., 2022). By grounding 

the study in this model, the research seeks to uncover how the thoughtful integration of microcontroller and 

microprocessor technologies can enhance both technical proficiency and sustainability-oriented thinking among 

learners. 

Building on this theoretical foundation, the integration of microcontroller and microprocessor-based 

projects within the TPACK framework aligns closely with constructivist and experiential learning theories, which 

emphasize learning through active participation, collaboration, and real-world application (Pérez-Rodríguez et al., 

2022). The microcontroller and microprocessor-based projects serve as powerful tools for advancing creativity, 

critical thinking, and problem-solving skills, by engaging with projects linked to the Sustainable Development 

Goals (SDGs) and simultaneously advancing students’ awareness of sustainability and innovation (Polly & Byker, 

2020).  

Specifically, the study aims to assess students’ perceptions of microcontroller and microprocessor-based 

projects achieving SDG-oriented learning outcomes. Examines the interrelationships of the technological, 

pedagogical, and content domains of the TPACK framework, and determines collective impact on the 

development of sustainability-driven engineering competencies. Beyond student perceptions, the research 

highlights implications for instructional design, curriculum development, and policy in engineering education. By 

integrating principles of sustainable engineering, innovation, and systems thinking, the research shows how 

projects can build both technical skills and socio-environmental responsibility. Finally, this study aims to 

contribute evidence that TPACK-guided, SDG-aligned microcontroller and microprocessor-based projects can 

serve as transformative tools for the integration of sustainability, innovation, and global citizenship in higher 

education. 

 

METHODS 

Research Design 

This study employed a quantitative descriptive–correlational design to evaluate how microcontroller and 

microprocessor projects support SDG-oriented learning outcomes within the TPACK framework. The design was 

appropriate for measuring relationships among TPACK constructs and SDG-related learning outcomes without 
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manipulation of variables. The independent variables were the seven TPACK domains (Enriquez et al., 2021), 

while the dependent variables were the perceived SDG-oriented learning outcomes aligned with SDG 4 (Quality 

Education), SDG 9 (Industry, Innovation, and Infrastructure), and SDG 17 (Partnerships for the Goals) (Visioli & 

Stapleton, 2024). 

 

Figure 1. Flowchart of the Research Methodology 

Research Instrument 

The primary research instrument was a 50-item TPACK–SDG Questionnaire, developed by the researcher 

and subjected to expert validation. The instrument consisted of four sections: (1) demographic profile, (2) TPACK 

constructs, (3) SDG-oriented learning outcomes, and (4) overall project effectiveness. Each item utilized a five-

point Likert scale. 

 

Figure 2. Technological Pedagogical Content Knowledge Model 

Figure 2 illustrates that the TPACK model integrates three core domains of knowledge: Technological 

Knowledge (TK), Pedagogical Knowledge (PK), and Content Knowledge (CK). Each domain overlaps to form 

specialized intersections such as Pedagogical Content Knowledge (PCK), Technological Content Knowledge 

(TCK), and Technological Pedagogical Knowledge (TPK), which highlight the interdependent nature of teaching, 
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content, and technology. At the core is TPACK, representing the integrated knowledge needed to connect 

technology with pedagogy and subject matter. The outer circle labeled “Contexts” emphasizes that effective use 

of TPACK depends on situational and environmental factors influencing teaching and learning practices. 

 

Table 1 Linguistic Expression of Likert’s scale  

Numerical Range Verbal Interpretation 

5 4.21 – 5.00 Strongly Agree 

4 3.41 – 4.20 Agree 

3 2.61 – 3.40 Neutral 

2 1.81 – 2.60 Disagree 

1 1.00 – 1.80 Strongly Disagree 

A five-point Likert scale ranging from Strongly Disagree (1) to Strongly Agree (5), as shown in Table 1, 

was used to measure participants’ attitudes and perceptions (Marzuki et al., 2024). The scale assessed seven 

TPACK domains, technological, pedagogical, content, and their combinations, while examining SDG-oriented 

outcomes, including cognitive understanding (SDG 4), innovation and problem-solving (SDG 9), and teamwork 

and collaboration (SDG 17). 

To establish content validity, the questionnaire was reviewed by three subject matter experts in 

engineering education and sustainability pedagogy, resulting in a Content Validity Index (CVI) of 0.91 (Masfuah 

et al., 2024). Internal consistency reliability was verified using Cronbach’s alpha (α), computed as: 

A five-point Likert scale ranging from Strongly Disagree (1) to Strongly Agree (5), as shown in Table 1, 

was used to measure participants’ attitudes and perceptions (Marzuki et al., 2024). The scale assessed seven 

TPACK domains, technological, pedagogical, content, and their combinations, while examining SDG-oriented 

outcomes, including cognitive understanding (SDG 4), innovation and problem-solving (SDG 9), and teamwork 

and collaboration (SDG 17). 

To establish content validity, the questionnaire was reviewed by three subject matter experts in 

engineering education and sustainability pedagogy, resulting in a Content Validity Index (CVI) of 0.91 (Masfuah 

et al., 2024). Internal consistency reliability was verified using Cronbach’s alpha (α), computed as: 

      𝛼 =
𝑘

𝑘−1
(1−

∑𝜎𝑖
2

𝜎𝑡
2
)       Equation 1 

 In Equation 1, shown as k= number of items, σi
2= variance of each item, and σt

2= total variance of the 

summed scale. The computed reliability coefficients ranged from 0.82 to 0.95, indicating high internal consistency. 

Sampling Technique 

Data collection was conducted during the final week of the semester with third and fourth-year computer 

engineering students at National University–Baliwag Campus. Questionnaires were distributed both in print and 

via Google Forms, with sessions lasting about fifteen minutes. Responses were checked, encoded, cleaned, and 

securely stored in line with data protection policies. A pilot test ensured clarity, reliability, and validity, leading to 

revisions that improved accuracy. The validated TPACK-SDG questionnaire served as the main tool, and all data 

were systematically organized and analyzed using appropriate software. Descriptive statistics (mean and standard 
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deviation) summarized responses, while inferential analyses tested relationships between TPACK constructs and 

SDG-oriented learning outcomes, ensuring meaningful insights within the framework.  

The study examines how TPACK components relate to SDG-oriented outcomes by analyzing correlation 

strength and predictive influence. Correlations are classified from very weak (0.00–0.19) to very strong (0.80–

1.00), with moderate to strong values (0.40–0.79) indicating meaningful connections. Using these benchmarks, 

the study evaluates how TPACK domains interact to support sustainable education. Multiple regression analysis 

further identifies the predictive impact of TPACK components on SDG outcomes, with all tests assessed at a 0.05 

significance level. 

 

RESULTS AND DISCUSSION 

 The results of the study revealed that students held a highly positive perception of the effectiveness of 

microcontroller and microprocessor-based projects aligned with the Sustainable Development Goals (SDGs) 

under the guidance of the Technological Pedagogical and Content Knowledge (TPACK) framework. The overall 

mean score across all TPACK domains was 4.24 (SD = 0.88), corresponding to Strongly Agree, indicating that 

students believed the integration of technology, pedagogy, and content enhanced their learning and supported 

SDG-oriented outcomes. 

Students rated Pedagogical Content Knowledge (PCK) and Technological Pedagogical Knowledge (TPK) 

the highest (mean = 4.40, Strongly Agree), showing that teaching approaches and technology-supported methods 

were highly effective for collaboration, creativity, and engagement. Content Knowledge (CK) and Pedagogical 

Knowledge (PK) also scored strongly (means = 4.22 and 4.25), reflecting deeper understanding of SDG concepts 

and stronger connections between lessons and real-world sustainability challenges, supported by project-based 

learning that boosted motivation, teamwork, and critical thinking. Technological Knowledge (TK) and 

Technological Content Knowledge (TCK) received slightly lower scores (means = 4.11 and 3.93), suggesting 

confidence in basic microcontroller tasks but less certainty in designing complex systems like renewable energy 

or IoT-based applications.  

Finally, the TPACK (Full Integration) domain scored 4.39 (Strongly Agree), showing that students valued 

the integration of technology, pedagogy, and SDG-related content, perceiving it as meaningful learning that 

strengthened technical skills, social awareness, and global citizenship while positioning technology as a tool for 

social good. 

 

Figure 3. Correlation Matrix of TPACK Domains 

The correlation matrix, as shown in Figure 3, showed strong positive links across all seven TPACK 

domains (r = 0.78–0.95), confirming that students’ technological, pedagogical, and content knowledge are closely 

interconnected. The strongest correlations were between Technological Pedagogical Knowledge (TPK) and 
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overall TPACK (r = 0.95), and between Pedagogical Content Knowledge (PCK) and TPACK (r = 0.93), 

highlighting that effective integration of technology and pedagogy strongly supports SDG-oriented learning 

outcomes. Pedagogical Knowledge (PK) also correlated highly with Content Knowledge (CK) and PCK, 

underscoring the importance of instructional strategies in linking theory to practice. Although Technological 

Content Knowledge (TCK) had slightly lower correlations (r = 0.78–0.83), it still showed positive connections, 

with advanced applications like IoT and renewable systems posing greater challenges. Overall, the findings affirm 

TPACK as an interdependent model, where each domain reinforces the others, and microcontroller-based projects 

enrich both technical skills and pedagogical value for sustainability-focused education. 

 

CONCLUSION 

 The correlation analysis revealed strong positive links across all TPACK domains, showing that 

technology, pedagogy, and content work together to achieve SDG-oriented learning outcomes through 

microcontroller and microprocessor projects. Hands-on, technology-enhanced learning deepened both theoretical 

and practical understanding, with higher levels of Technological and Pedagogical Knowledge reinforcing overall 

integration. Meaningful learning arises when instructional strategies, technological tools, and content knowledge 

align, fostering engagement, creativity, critical thinking, global awareness, and ethical responsibility. Embedding 

SDG content in technical education prepares students to be innovative and socially responsible professionals, 

while enhancing Technological Content Knowledge through exposure to advanced fields like IoT, AI, and data 

analytics, which was recommended to address complex sustainability challenges. 
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