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Abstract – Extending product lifespan is vital in the 
circular economy, and integrating these concepts into 
secondary education supports the Sustainable 
Development Goals. This study identifies key indicators 
for teachers to promote product lifespan within the 
circular economy framework, with their significance 
assessed through a literature review and the Modified 
Delphi Technique (MDT). The MDT analysis involved 
13 experts who participated in two rounds. Through the 
first round of MDT, the response rate of the experts was 
100%, resulting in the acceptance of 41 indicators, while 
3 did not reach consensus. Of these, 19 indicators 
received suggestions for amendments. The second round 
also achieved a 100% response rate, during which the 
41 indicators were resent with the suggested changes 
incorporated. Out of these, 32 indicators were accepted, 
while 9 items were deleted due to a lack of consensus. 
The study’s findings reveal a total of 32 indicators, 
categorized into 5 dimensions: 6 items for reuse 
indicator, 7 items each for repair, refurbish, and 
remanufacture indicator, and 5 items for repurpose 
indicator. The results highlight the importance of 
incorporating these activities into TVET education to 
promote sustainability.  
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1. Introduction

In recent years, the circular economy has emerged 
as a transformative framework aimed at addressing 
environmental degradation and resource depletion by 
focusing on extending the lifespan of products and 
their components. Central to this framework are 
activities such as reuse, repair, refurbish, 
remanufacture, and repurpose, which help reduce 
waste and promote sustainability. As global 
consumption continues to rise, particularly in the 
production and disposal of goods, there is a growing 
need to integrate circular economy principles into 
various sectors, including education [1], [2]. One of 
the critical areas where this integration can have a 
significant impact is in secondary education, where 
students can be introduced to sustainable practices 
early on [3], [4]. Incorporating the circular economy 
into school curricula, particularly in areas such as food 
waste management, aligns with global initiatives to 
achieve the Sustainable Development Goals (SDGs), 
specifically Goal 12, which focuses on responsible 
consumption and production. 

Research in the field of circular economy 
education has highlighted its potential to shape the 
attitudes and behaviors of future generations. 
However, a gap exists in identifying specific 
indicators that educators should focus on to instill 
circular economy practices effectively. While several 
studies have explored the circular economy in various 
contexts, such as manufacturing and agriculture [5], 
[6], [7], [8], little attention has been paid to how this 
concept can be operationalized within secondary 
education, particularly in teaching about food waste 
management. Some researchers argue that the lack of 
clear indicators for educational purposes limits the 
potential impact of circular economy principles in 
school settings [9], [10], [11].  
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Others, however, suggest that integrating these 
practices without proper contextualization might lead 
to confusion or resistance among students and 
educators alike [12], [13], [14], [15]. 

This study aims to address these gaps by 
identifying key indicators that secondary school 
teachers can use to promote the extension of product 
lifespan through circular economy practices. By 
focusing on food waste management, this research not 
only addresses an urgent environmental issue but also 
provides a structured approach for embedding circular 
economy concepts into secondary education. The use 
of the Modified Delphi Technique, coupled with a 
comprehensive review of literature from Scopus and 
Web of Science databases, ensures that the indicators 
proposed are both theoretically sound and practically 
applicable. The findings of this study will contribute 
to the growing body of research on circular economy 
education and provide actionable insights for 
educators aiming to foster sustainable practices in 
their classrooms. The ultimate goal is to equip future 
generations with the knowledge and skills necessary 
to reduce waste, conserve resources, and support the 
transition towards a more sustainable circular 
economy. 
 
2. Conceptual Underpinnings 
 

Integrating circular economy principles into 
secondary education, especially in relation to product 
lifespan and food waste management, plays a vital role 
in nurturing sustainability and environmental 
awareness among younger generations. The circular 
economy emphasizes reducing waste, using resources 
efficiently, and encouraging the ongoing reuse of 
materials. Theories such as Closed-Loop Supply 
Chain and Industrial Ecology play a central role in 
understanding how products and their components can 
be reused, repaired, refurbished, remanufactured, and 
repurposed [16], [17], [18], [19]. These theories 
emphasize the importance of maintaining the value of 
products for as long as possible, reducing the need for 
virgin materials and minimizing environmental 
impact.  

The Cradle-to-Cradle (C2C) theory, introduced by 
William McDonough and Michael Braungart, 
promotes a transformative approach to product design 
focused on easy disassembly and reuse at the end of a 
product’s lifecycle [20], [21], [22], [23]. By 
advocating for a closed-loop system, this theory 
encourages the elimination of waste, allowing 
products to continuously cycle through use, similar to 
natural ecosystems. This approach can be effectively 
applied in secondary education to teach sustainable 
practices [24], [25]. 

 

Additionally, Behavioral Change Theories, such as 
the Theory of Planned Behavior and Social Learning 
Theory, highlight how education can shape students’ 
attitudes and behaviors toward sustainability. These 
theories suggest that exposure to circular economy 
concepts increases the likelihood of students adopting 
sustainable practices, particularly in managing food 
waste [26], [27], [28]. For example, when students 
understand the environmental consequences of food 
waste and learn strategies to reduce it, they are more 
inclined to practice responsible consumption. 

Various models of circular economy education 
have been proposed in recent years, but the most 
relevant to this study is the 9R Framework of the 
circular economy, which includes strategies like 
refuse, reduce, reuse, repair, refurbish, remanufacture, 
repurpose, recycle, and recover as shown in Table 1. 
This model provides a comprehensive approach to 
extending the lifespan of products. For educational 
purposes, the 9R model can be adapted to focus on the 
second group of R’s (reuse, repair, refurbish, 
remanufacture, and repurpose) as practical activities 
for students to engage in.  
 
Table 1. 9R framework 

 

R0 Refuse Smarter product use and 
manufacture R1 Rethink  

R2 Reduce  
R3 Reuse  

Extend lifespan of products and 
its parts 

R4 Repair  
R5 Refurbish 
R6 Remanufacture  
R7 Repurpose  
R8 Recycle  Useful application of materials R9 Recover 

Source: [30] 
 
The five main dimensions of product lifespan 

extension examined in this study are reuse, repair, 
refurbish, remanufacture, and repurpose. Each of 
these dimensions encompasses specific skills and 
knowledge that secondary school teachers need to 
impart to students. For instance, reuse focuses on 
finding new uses for existing products without 
changing their form, while repair emphasizes fixing 
broken components to restore functionality. 
Refurbishment involves improving or upgrading 
products to extend their usability, and 
remanufacturing refers to the process of restoring 
products to their original state. Repurposing, on the 
other hand, involves adapting products or their 
components for entirely new functions, thus extending 
their lifecycle. 
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In the context of food waste management, these 
elements translate into practical activities for students, 
such as reusing food scraps in composting, repairing 
stale crackers, refurbishing food waste, and 
repurposing leftovers into new meals. These activities 
not only teach students the value of extending product 
lifespan but also align with broader goals of reducing 
food waste and promoting sustainability. 
 
3. Methodology 
 

 This section describes the research design, 
instrument development process, and expert selection 
procedures used to achieve consensus on the 
indicators of product lifespan extension within 
circular economy education. 
 
3.1. Design of the Modified Delphi Technique (MDT) 

Questionnaire 
 
This study employed the Modified Delphi 

Technique (MDT), a procedure for reaching 
consensus among participants through non-face-to-
face questionnaires. MDT is also recognized as an 
effective method for collecting highly valid feedback 
from a group of experts on a specific problem or set of 
issues [29]. Unlike the traditional Delphi method, this 
study bypassed the initial interview round and 
proceeded directly to the questionnaire phase, 
marking the beginning of the MDT process.  

At first, a literature review was conducted to 
develop a structured questionnaire. Relevant literature 
was identified and reviewed from Scopus and WoS 
databases, ensuring a comprehensive analysis of 
existing research in this field. Experts were then asked 
to rate the importance of each item on a scale of 1 to 
5, where 5 represented the most important and 1 the 
least important. Open-ended questions were also 
included to allow experts to provide recommendations 
or suggest modifications. Once the responses were 
collected, the data were analyzed, and the 
questionnaire was refined for the subsequent rounds. 

Product lifespan extension can be categorized into 
five key activities, based on the 9R Framework 
proposed by [30]: reuse, repair, refurbish, 
remanufacture, and repurpose. In line with standard 
Delphi methodology, two to three rounds of 
questionnaires are considered optimal, as more than 
three rounds may lead to participant fatigue and 
reduced willingness to continue. Nevertheless, 
opinions tend to stabilize within two or three rounds. 
In this study, all participating experts reached a 
consensus after two rounds. 

Additionally, seven questions were included to 
gather demographic and professional information 
about the experts.  

These questions addressed their gender, race, 
highest level of education, job position, field of 
expertise, institution, state, and years of experience in 
the food management and teaching industry. This 
background information helped to provide a 
comprehensive context for the expert feedback in the 
study. 
 
3.2. Participant Expert 

 
The nature of the research topic is based primarily 

on the respondent’s experience, authority, and 
willingness to cooperate. Previous research suggests 
that the number of experts for a homogeneous group 
should range between 15 and 30, whereas for a 
heterogeneous group, the recommended number is 
between 5 and 10  [31]. Similarly, reliability has been 
shown to increase linearly between 3 and 11 
participants, with accuracy continuing to improve 
until the maximum tested group size of 29 participants 
[32]. Furthermore, other studies indicate that 10 to 15 
participants are sufficient when participants share 
similar backgrounds, and most Delphi panels typically 
consist of 15 to 20 respondents [33].  

Purposive sampling was used as the sampling 
technique for this study, which involved a total of 13 
experts in the field of TVET (Technical and 
Vocational Education and Training) and education 
management, comprising 6 males and 7 females, all 
with over 10 years of experience. Two of them are 
research officers at institutions that focus on 
innovation and technology, six are senior lecturers 
teaching TVET courses, two are School Improvement 
Specialist Coaches Plus (SISC+), while the other three 
are state education officers responsible for the 
development of vocational education and technical 
training. The panelists were invited through email and 
WhatsApp. Upon agreeing to participate, they were 
provided with a Google Form questionnaire link via 
email.  

Each expert was invited to express their level of 
agreement with the 44 items and provide comments, if 
necessary, on statements related to extending the 
lifespan of product and its part, such as reuse, repair, 
refurbish, remanufacture, and repurpose, within the 
context of the Secondary Educational Food Waste 
Management Course.  
 
3.3. Data Analysis 

 
In this study, data analysis for the Modified Delphi 

Technique (MDT) was conducted using the Statistical 
Package for the Social Sciences (SPSS) software for 
each round of the process. The results from SPSS were 
presented in the form of descriptive statistics, 
including mean scores, median scores and 
interquartile range (IQR), representing the consensus 
of the panel members involved in the study.  
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Mean scores were used to identify the level of 
expert agreement, with higher mean scores indicating 
stronger consensus on the importance of an item and 
lower scores suggesting less significance. Median 
scores were utilized to determine the necessary 
statements for developing questionnaire items, and the 
interquartile range (IQR) was calculated to assess the 
relationship between each item and the panel experts’ 
responses. 

The IQR score reflects the level of agreement 
among the panel members regarding the questionnaire 
items. A lower IQR indicates a higher degree of 
consensus among the experts on the elements 
presented in the questionnaire. Items with mean scores 
of 4 or above and median scores of 4 or above were 
considered important and accepted, whereas items 
with mean and median scores below 4 were deemed 
less important and rejected, as shown in Table 2 [34], 
[35]. 

 

Table 2. Score interpretation table for agreement  
 

Score Interpretation 
Mean ≥ 4, Median ≥ 4 Important and accepted 
Mean ≤ 4, Median ≤ 4 Less important and rejected 

Source: [34] and [35]  
 

The IQR further helped to define the strength of 
agreement. If the IQR score was between 0 and 1, it 
indicated a high level of agreement among the panel, 
while scores between 1.01 and 1.99 reflected 
moderate agreement. An IQR score of 2 or higher 
indicated a lack of consensus and led to the rejection 
of the indicator. Based on these criteria, items that met 
the threshold for mean scores, median scores, and IQR 
values were retained, whereas those that did not meet 
these thresholds were excluded from the final item list 
[36]. This systematic approach ensured that the 
questionnaire items were both relevant and agreed 
upon by the panel of experts, enhancing the reliability 
of the study’s findings. Table 3 represents level of 
agreement on items. 
 

Table 3. level of agreement on items   
 

IQR Score level of agreement Decision 
0 to 1 high accepted 

1.01 to 1.99 moderate accepted 
≥ 2 low rejected 

Source: [36] 
 

4. Result and Findings 
 

The application of the Modified Delphi Technique 
yielded important findings regarding the consensus on 
the indicators related to extending the lifespan of 
product and its part.  

In the first round, the response rate of the experts 
was 100%, resulting in the acceptance of 41 
indicators, while 3 did not reach consensus.  

Of these, 19 indicators received suggestions for 
amendments. In line with previous studies on the 
Delphi method, low-consensus items were removed in 
the first round. This approach is supported by previous 
studies emphasizing that removing low-consensus 
items in the early rounds can streamline the Delphi 
process and ensure greater focus on relevant indicators 
[33]. Item reduction based on expert feedback at the 
early stages has also been shown to enhance clarity 
and improve consensus-building [37], while deleting 
items with insufficient agreement helps maintain the 
overall quality of the study [33], [37], [38]. 

However, in the Reuse domain, low-consensus 
items were retained to ensure a minimum of five 
indicators, which was necessary for the study’s 
methodology. Retaining low-consensus items to 
preserve balanced representation across domains has 
been reported in other studies [39], [40]. In the second 
round, these items were reviewed again, and 
consensus was achieved, ensuring that all domains, 
including Reuse, met the required minimum number 
of items while maintaining high consensus across the 
expert panel. After these adjustments, the second 
round achieved a 100% response rate, with 41 
indicators being re-sent after suggested changes were 
incorporated. Out of these, 32 indicators were 
accepted, while 9 items were deleted due to a lack of 
consensus. The study’s findings reveal a total of 32 
indicators, categorized into 5 dimensions: reuse, 
repair, refurbish, remanufacture, and repurpose. 

The results from the analysis of the Reuse 
indicators in Table 4 demonstrate that the average 
mean scores for all items ranged between 4.00 and 
4.46, indicating that the panel of experts generally 
agreed on the importance of these indicators. The 
median scores also reflect strong consensus, with all 
items achieving a median score of 4.0 or higher. The 
interquartile range (IQR) for most indicators was less 
than or equal to 1, reflecting a satisfactory level of 
agreement among the experts. For instance, the 
indicator “Use leftover cooking water for watering 
plants” had an IQR of 2.0 in the first round but 
achieved consensus in the second round with an IQR 
of 1. All items in the Reuse category, such as “Donate 
edible surplus food to charity” and “Feed food waste 
to livestock,” were ultimately accepted based on 
expert feedback. 
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Table 4. Result of Reuse indicators  
 

R3 Reuse Mean Med IQR Consensus Mean Med IQR Consensus Decision 

R301 
Use leftover cooking 
water for watering 

plants. 
4.0 4.0 2.0 Low 4.46 5 1 High accepted 

R302 Donate edible surplus 
food to charity. 4.1 4.0 1.8 Medium 4.08 4 1 High accepted 

R303 Feed food waste to 
livestock. 4.0 4.5 1.8 Medium 4.38 4 1 High accepted 

R304 Pack leftover party food 
to take home. 4.0 4.0 1.5 Medium 4.00 4 1 High accepted 

R305 Buy products with gravy 
that can be reused. 4.1 4.0 1.0 High 4.00 4 0 High accepted 

R306 
Use reusable food 

containers even if they 
are more expensive. 

4.2 4.5 1.0 High 4.20 4 1 High accepted 

 
In Table 5, the Repair indicators showed high 

agreement among the experts, with average mean 
scores ranging from 4.00 to 4.31. The IQR for all 
items was consistently less than or equal to 1, which 
indicates a high level of consensus across the board.  

 

Indicators such as “Improve the texture of food 
products” and “Improve nutrition” were both rated 
highly, with all items accepted. The stability in the 
results, evidenced by median scores consistently 
reaching 4.0, further strengthens the consensus among 
the panel. 

Table 5. Result of Repair indicators  
 

R4 Repair Mean Med IQR Consensus Mean Med IQR Consensus Decision 

R401 Improve the texture of 
food products. 4.1 4.0 0.8 High 4.10 4 1 High accepted 

R402 
Improve the 

appearance of food 
products. 

4.2 4.0 0.8 High 4.00 4 0 High accepted 

R403 Improve the taste of 
food products. 4.1 4.0 0.8 High 4.08 4 1 High accepted 

R404 Improve the color of 
food products. 4.2 4.0 0.8 High 4.00 4 1 High accepted 

R405 Improve the freshness 
quality. 4.1 4.0 0.8 High 4.31 4 1 High accepted 

R406 

Improve the 
appearance by 

garnishing food to 
make it more 

appealing. 

4.2 4.0 0.8 High 4.00 4 0 High accepted 

R407 Improve nutrition. 4.0 4.0 1.0 High 4.00 4 0 High accepted 
 

The Refurbish indicators, as presented in Table 6, 
also achieved strong agreement, with all items 
accepted. The average mean scores ranged between 
4.00 and 4.30, and the IQR for all but one item was 
below 1.  

 
 

For example, ‘Revive the freshness of old 
ingredients’ and ‘Restore the value of ingredients’ 
both had an IQR of 0.8 or lower, showing strong 
expert agreement. The item ‘Conduct regular 
maintenance for improved performance’ had the 
highest mean score of 4.30, indicating its importance 
to the experts. 
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Table 6. Result of Refurbish indicators  
 

R5 Refurbish Mean Med IQR Consensus Mean Med IQR Consensus Decision 

R501 Revive the freshness of 
old ingredients. 4.0 4.0 0.8 High 4.00 4 0 High accepted 

R502 Restore the value of 
ingredients. 4.1 4.0 0.0 High 4.00 4 1 High accepted 

R503 
Make conversions, e.g., 

turning old frying oil into 
soap. 

4.0 4.0 0.0 High 4.08 4 1 High accepted 

R504 Glaze the surface of food 
products. 4.1 4.0 1.0 High 4.08 4 1 High accepted 

R505 

Improve waste, e.g., 
boiling bones into stock 
that becomes a nutritious 

soup. 

4.1 4.0 0.8 High 4.08 4 1 High accepted 

R506 
Enhance taste, e.g., 

adding seasoning powder 
to dishes. 

4.2 4.0 0.8 High 4.00 4 0 High accepted 

R507 
Conduct regular 
maintenance for 

improved performance. 
4.3 4.0 1.0 High 4.08 4 1 High accepted 

 
Table 7 summarizes the results for the 

Remanufacture indicators, where the panel reached a 
consensus with mean scores between 4.00 and 4.31. 
The IQR for all items was within the acceptable range, 
demonstrating consistency in expert opinions.  

 

Key indicators such as “Disassemble damaged 
food products to create a new product” and “Replace 
systems to improve product quality” were highly rated 
and accepted. The indicator “Substitute existing 
ingredients with healthier options” had a slightly 
higher IQR of 1.8 in the first round, but it achieved 
acceptance after refinement in the second round. 

 
Table 7. Result of Remanufacture indicators  
 

 R6 Remanufacture Mean Med IQR Consensus Mean Med IQR Consensus Decision 

R601 
Disassemble damaged 
food products to create a 
new product. 

4.2 4.0 1.0 High 4.00 4 0 High accepted 

R602 Reprocess food products 
by modifying them. 4.0 4.0 0.8 High 4.08 4 0 High accepted 

R603 Replace systems to 
improve product quality. 4.1 4.0 1.0 High 4.31 4 1 High accepted 

R604 
Substitute existing 
ingredients with healthier 
options. 

4.0 4.0 1.8 Medium 4.08 4 1 High accepted 

R605 

Revamp part of the 
product with trending 
ingredients to increase 
market appeal. 

4.2 4.0 1.0 High 4.00 4 0 High accepted 

R606 

Clean ingredients, e.g., 
cleaning fish bones from 
food waste to boil into 
stock. 

4.0 4.0 1.0 High 4.00 4 0 High accepted 

R607 
Conduct taste tests on 
reprocessed products to 
maintain their quality. 

4.2 4.0 0.8 High 4.10 4 0 High accepted 
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The Repurpose indicators in Table 8 showed strong 
consensus, with all items being accepted. The mean 
scores ranged from 4.00 to 4.46, and the IQR for all 
items was either 1 or less, signifying a high level of 
agreement.  

Indicators such as “Convert products into new 
items using creativity” and “Repurpose damaged 
products” were rated highly by the experts, with their 
acceptance reflecting the importance of these practices 
in extending the lifespan of products. 

  
Table 8. Result of Repurpose indicators  
 

 R7 Repurpose Mean Med IQR Consensus Mean Med IQR Consensus Decision 

R701 
Convert products into 
new items using 
creativity. 

4.00 4 1 High 4.15 4 0 High accepted 

R702 Repurpose damaged 
products. 4.46 4 1 High 4.00 4 0 High accepted 

R703 Transform food into 
decorations. 4.38 4 1 High 4.08 4 1 High accepted 

R704 Create decorations of 
broken eggshells. 4.23 4 1 High 4.00 4 0 High accepted 

R705 
Repurpose dough as 
children’s play material 
to replace plasticine. 

4.23 4 1 High 4.00 4 0 High accepted 

In summary, the findings from all categories 
(Reuse, Repair, Refurbish, Remanufacture, and 
Repurpose) indicate a strong level of consensus 
among the experts, as demonstrated by the high mean 
scores, consistent median values, and low IQRs across 
the rounds of analysis. These results highlight the 
critical role these indicators play in promoting 
sustainability and reducing waste within the context of 
food waste management in education. 

 
5. Discussion on Delphi Questionnaire Survey 
 

The study’s results highlight the importance of 
reuse indicators in promoting sustainability within the 
context of a secondary education food waste 
management course. Indicators such as using leftover 
cooking water for plants, donating surplus food to 
charity, and feeding food waste to livestock received 
strong consensus, reflecting their practicality in 
reducing waste. The use of reusable food containers, 
despite higher costs, was also widely accepted, 
indicating a shift towards minimizing single-use 
items. These findings align with the broader goals of 
the circular economy [41], [42], [43], emphasizing the 
value of teaching sustainable practices to foster 
environmental awareness and responsible 
consumption from an early age. 

The repair indicators identified in this study 
received high consensus from the expert panel, 
emphasizing their importance in extending the 
lifespan of food products within a circular economy 
framework.  

 
 
 

Indicators such as improving the texture, 
appearance, taste, color, freshness, and nutrition of 
food products all achieved strong agreement (IQR ≤ 
1), demonstrating their relevance in reducing food 
waste through simple yet effective repair techniques. 
Practices like garnishing food to enhance its appeal 
and improving the freshness of products reflect 
common strategies in food management to maintain 
product quality. These findings are consistent with 
previous research that highlights the role of repair in 
minimizing waste and maximizing resource efficiency 
[44], [45], [46]. By focusing on repairing food 
products, these indicators reinforce the importance of 
teaching practical skills in food waste management, 
encouraging sustainable consumption behaviors 
among students. 

The refurbish indicators in this study received high 
consensus across all items, reflecting the experts’ 
agreement on their importance in extending the 
lifespan of food products within the circular economy. 
Indicators such as reviving the freshness of old 
ingredients, restoring the value of ingredients, and 
making conversions like turning old frying oil into 
soap all achieved strong support, with IQR values 
indicating a high level of agreement (≤ 1). 
Additionally, practices like glazing food surfaces and 
boiling bones into stock to reduce waste were seen as 
effective methods to refurbish and repurpose food 
products. These findings align with previous research 
that emphasizes the value of refurbishing as a 
sustainable approach, allowing for the recovery of 
value from materials that might otherwise be 
discarded [47], [48], [49], [50].  
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The consensus on these indicators reinforces the 
importance of refurbishing skills in food management, 
ensuring that students are equipped to contribute to 
waste reduction and resource efficiency in the broader 
circular economy context. 

The remanufacture indicators from this study 
demonstrate strong consensus among experts, 
highlighting their importance in extending the lifespan 
of food products within the circular economy. 
Practices such as disassembling damaged food 
products to create new items and reprocessing food 
through modification received high agreement (IQR ≤ 
1), emphasizing their practicality in reducing food 
waste. The consensus on replacing systems to improve 
product quality and revamping products with trending 
ingredients further supports the role of innovation in 
remanufacturing. Even indicators such as cleaning 
ingredients and conducting taste tests to maintain 
product quality were accepted, reflecting their 
relevance in ensuring that reprocessed products meet 
consumer standards. These findings align with 
previous studies that highlight remanufacturing as a 
key strategy in resource recovery and waste 
minimization, reinforcing the importance of 
equipping individuals with the skills to reprocess and 
innovate within the food industry [51], [52], [53]. The 
strong support for these indicators suggests that 
remanufacturing has significant potential to contribute 
to sustainable food management practices. 

The repurpose indicators in this study received 
high consensus, reflecting the experts’ agreement on 
their importance in promoting sustainability through 
creative and practical approaches. Indicators such as 
converting products into new items using creativity, 
repurposing damaged products, and transforming food 
into decorations all demonstrated strong support (IQR 
= 1), emphasizing their potential in reducing waste. 
For instance, repurposing dough as children’s play 
material or creating decorations from broken 
eggshells illustrates how food and its components can 
find new uses beyond their original purpose. These 
findings align with previous research that highlights 
the value of repurposing in extending product 
lifespans and promoting innovative waste 
management strategies [48], [54], [55], [56], [57]. The 
high consensus on these indicators reinforces the idea 
that repurposing can play a significant role in circular 
economy practices, encouraging the development of 
creative solutions for managing food waste 
effectively. 
 
6. Conclusion 
 

This study utilized a combination of literature 
review and the Modified Delphi Technique to identify 
key indicators that secondary school teachers should 
cultivate to extend the lifespan of products and their 
components within a circular economy framework.  

A total of 32 indicators were accepted, categorized 
into five dimensions: reuse, repair, refurbish, 
remanufacture, and repurpose. These indicators are 
essential for promoting sustainable practices in 
secondary education and aligning with the Sustainable 
Development Goals. Reuse and repair indicators, such 
as using leftover cooking water and improving the 
appearance of food products, were highly rated for 
their practicality. Refurbishing and remanufacturing 
practices, such as reviving the freshness of old 
ingredients and replacing systems to improve product 
quality, also gained strong consensus. The findings 
demonstrate the need for educators to incorporate 
these concepts into their curriculum, emphasizing 
practical skills that promote sustainability and 
resource efficiency. 

In terms of practical implications, it is 
recommended that secondary education institutions 
prioritize training and education on these five 
dimensions. Schools should provide hands-on 
activities that teach students how to implement reuse, 
repair, refurbish, remanufacture, and repurpose 
strategies in food waste management. Furthermore, 
policymakers should consider supporting these 
initiatives by integrating circular economy principles 
into national educational standards and offering 
incentives for schools that adopt sustainable practices. 
Future research could explore the effectiveness of 
these indicators when applied in real-world classroom 
settings, as well as their potential to influence 
students’ long-term behaviors toward sustainability. 
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