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Abstract  
Food waste in school canteens is a critical 

sustainability issue affecting resource efficiency, 

environmental responsibility, and students’ food 

consumption habits. Although digital technologies 

are increasingly used in food service management, 

limited empirical evidence explains their role in 

primary school canteens. This study examines 

digital technology-assisted food waste management 

at the Affiliated Primary School of Southwest 

University, focusing on the relationships among 

digital technology perception, operational 

convenience, data accuracy, user acceptance, policy 

support, home–school collaboration, sustainability, 

cost-effectiveness, and perceived food waste 

management effectiveness. Using a quantitative case 

study design, questionnaire data were collected from 

523 stakeholders, including students, teachers, 

canteen staff, and parents. Data were analyzed using 

descriptive statistics, EFA, CFA, SEM, and SWOT 

analysis. The findings show that digital technology-

related factors significantly predict perceived food 

waste management effectiveness, with data accuracy 

as the strongest predictor. User acceptance and cost-

effectiveness also exert important effects, while 

home–school collaboration and sustainability 

support long-term implementation. Stakeholder 

differences indicate the need for differentiated 

strategies, particularly for improving canteen staff 

readiness. The study contributes a socio-technical 

framework for digital food waste management and 

offers practical guidance on data reliability, system 

usability, staff training, privacy protection, and 

collaborative governance. The findings provide 

context-specific evidence for future comparative and 

longitudinal research on smart and sustainable 

school canteen management. 

 

Keywords: digital technology; food waste 

management; primary school canteen; data 

accuracy; stakeholder acceptance; collaborative 

governance; structural equation modeling. 

 

I. Introduction 
Food waste is a major sustainability 

challenge affecting food security, resource 

efficiency, and environmental quality. In 2022, 

approximately 1.05 billion tonnes of food were 

wasted globally at the household, food-service, and 

retail levels, representing about 19% of food 

available to consumers (UNEP, 2024). Food waste 

also contributes to unnecessary greenhouse gas 

emissions, economic loss, and pressure on land, 

water, and energy systems (UNEP, 2024; WRAP, 

2024). School canteens are important sites for 

intervention because they combine daily food-

service operations with opportunities to shape 

students’ dietary habits, environmental awareness, 

and responsible consumption. In primary schools, 

this issue is especially significant because children’s 

food preferences, portion control, and conservation 

values are still developing (Petchoo et al., 2022; 

Nguyen et al., 2023). 

Digital technology offers new opportunities 

to improve school canteen food waste management. 

Smart weighing systems, sensor-based monitoring, 

data dashboards, mobile feedback platforms, 

artificial intelligence, Internet of Things 
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applications, and predictive analytics can support 

demand forecasting, real-time waste tracking, 

inventory control, menu adjustment, and evidence-

based decision-making. These tools help schools 

shift from experience-based to data-driven 

management. Recent studies suggest that 

digitalization can reduce food loss and waste by 

improving monitoring, prediction, traceability, and 

coordination across food systems (An et al., 2025; 

Fatorachian, 2025). However, technology alone is 

insufficient. Its effectiveness depends on data 

accuracy, operational convenience, user acceptance, 

staff readiness, cost-effectiveness, data security, and 

institutional support (UNEP DTU Partnership, 

2021). 

Although previous studies have examined 

food waste in households, commercial catering, 

universities, and public institutions, research on 

primary school canteens remains limited. This 

context is distinctive because food waste is shaped 

not only by canteen operations but also by student 

behavior, teacher supervision, parental influence, 

food quality, menu design, serving practices, and 

school culture. Recent school-canteen research 

confirms that organizational, social, and individual 

factors must be considered together when explaining 

food waste generation and reduction (Malefors et 

al., 2025; Falasconi et al., 2025). Accordingly, food 

waste management in primary schools should be 

understood as a socio-technical issue involving 

technology, people, institutional arrangements, and 

collaborative governance. 

To address this gap, this study investigates 

digital technology-assisted food waste management 

at the Affiliated Primary School of Southwest 

University. Drawing on the Technology Acceptance 

Model and collaborative governance theory, it 

examines the relationships among digital technology 

application perception, operational convenience, 

data accuracy, user acceptance, policy support, 

home–school collaboration, sustainability, cost-

effectiveness, and perceived food waste 

management effectiveness. Questionnaire data were 

collected from 523 stakeholders, including students, 

teachers, canteen staff, and parents, and analyzed 

using exploratory factor analysis, confirmatory 

factor analysis, structural equation modeling, and 

SWOT analysis. 

This study contributes to the literature by 

extending food waste management research to 

primary school canteens, developing a socio-

technical perspective that integrates digital 

technology, stakeholder acceptance, and 

collaborative governance, and offering practical 

evidence for smart and sustainable school canteen 

management through accurate data systems, user-

friendly technology, staff capacity building, data 

security, cost-effective planning, and home–school 

collaboration. 

 

II. Literature Review 
2.1 Food Waste Management in School Canteens 

Food waste is a major sustainability 

challenge because it reflects inefficient use of food, 

land, water, energy, labor, and financial resources. 

The Food Waste Index Report 2024 estimates that 

1.05 billion tons of food waste were generated in 

2022 at the household, food-service, and retail 

levels, representing almost one-fifth of food 

available to consumers (UNEP, 2024). Food-service 

settings are therefore important intervention points 

because food is prepared and consumed at scale, and 

small mismatches between supply and actual 

consumption can accumulate into significant waste. 

(UNEP - UN Environment Programme) 

School canteens are particularly important 

because they function not only as food-service units 

but also as educational environments where students 

develop eating habits, food preferences, and 

conservation awareness. In primary schools, food 

waste is shaped by portion size, menu acceptability, 

food quality, teacher supervision, peer influence, 

family habits, and students’ developing ability to 

estimate how much they can eat. Recent school-

based studies show that food waste in school 

canteens is influenced by both operational factors 

and student-level behavioral factors, suggesting that 

effective waste reduction requires integrated 

managerial and educational strategies rather than 

isolated interventions (Nguyen et al., 2023; 

Malefors et al., 2025). (ScienceDirect) 

In the context of this study, primary school 

canteen food waste management should therefore be 

understood as a multi-dimensional process involving 

food procurement, meal preparation, serving 

practices, student behavior, monitoring systems, and 

feedback mechanisms. This differs from university 

or workplace canteens because primary school 

students require stronger adult guidance and home–

school cooperation. Thus, the literature suggests that 

a suitable management model must integrate 

operational control, behavioral education, 

stakeholder participation, and continuous data-based 

improvement. 

 

2.2 Digital Technology and Food Waste 

Reduction 

Digital technology has become an 

important tool for improving food waste 

management because it can increase the accuracy, 

https://www.unep.org/resources/publication/food-waste-index-report-2024?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/pii/S2211464525002520?utm_source=chatgpt.com
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timeliness, and transparency of decision-making. 

Digital tools such as sensor-based weighing 

systems, smart bins, RFID, data dashboards, mobile 

applications, and predictive analytics can support 

waste tracking, demand forecasting, inventory 

control, menu adjustment, and feedback to users. 

The value of these technologies lies in their ability 

to transform food waste management from 

experience-based decision-making into data-driven 

management. 

Recent reviews on digital food waste 

reduction indicate that digital technologies can 

contribute across the food system by improving 

monitoring, prediction, traceability, coordination, 

and resource allocation (An et al., 2025; UNEP 

DTU Partnership, 2021). In school canteens, such 

tools are particularly useful because daily food 

consumption patterns can be recorded and analyzed 

to support more accurate meal preparation and 

portion planning. However, digital technology does 

not automatically reduce food waste. Its 

effectiveness depends on whether the data are 

accurate, the system is easy to use, and the 

information produced by the system is actually 

applied in daily canteen decisions. (ScienceDirect) 

Therefore, digital food waste management 

should be viewed as a socio-technical process. The 

“technical” side includes hardware, software, data 

systems, and analytics. The “social” side includes 

user acceptance, staff digital literacy, student 

behavior, parental support, school policy, and 

organizational routines. In this sense, digital 

technology is not the solution by itself; rather, it is 

an enabling mechanism that supports better 

decisions, stronger coordination, and more visible 

feedback. 

 

2.3 Technology Acceptance and User Readiness 

The Technology Acceptance Model (TAM) 

provides a useful theoretical basis for explaining 

why stakeholders accept or resist digital systems. 

According to TAM, perceived usefulness and 

perceived ease of use are central factors influencing 

users’ acceptance of technology (Davis, 1989). 

Although TAM is an established theory, it remains 

important because it explains technology adoption 

in organizational settings where users must believe 

that the system improves performance and is not 

difficult to operate. 

In primary school canteen management, 

technology acceptance differs across stakeholder 

groups. Canteen staff may focus on whether the 

system reduces workload, simplifies recording, and 

improves operational efficiency. Teachers may value 

the system as a tool for student supervision and 

environmental education. Parents may value 

transparency and feedback about students’ eating 

behavior, while students may respond more strongly 

to visual, interactive, or reward-based feedback. 

Therefore, user acceptance is not a single uniform 

condition but a role-specific perception shaped by 

expected benefits, ease of use, digital literacy, and 

trust in the system. 

For this reason, operational convenience 

and data accuracy are key technology-related 

dimensions in this study. Operational convenience 

reflects the ease with which stakeholders can use the 

system in daily routines, while data accuracy 

reflects the perceived reliability and usefulness of 

system-generated information. If the system is 

difficult to operate or produces unreliable data, 

stakeholders may not use it consistently, and its 

contribution to food waste management will be 

limited. 

 

2.4 Collaborative Governance and Home–School 

Support 

Food waste management in primary school 

canteens involves multiple stakeholders, including 

school administrators, teachers, canteen staff, 

students, parents, and sometimes external service 

providers. Collaborative governance theory 

emphasizes that complex public and institutional 

problems require cooperation among stakeholders 

who share responsibility for problem-solving 

(Ansell & Gash, 2008). Although this theory is not 

recent, it remains important for explaining multi-

stakeholder coordination in school sustainability 

management. 

In primary school settings, collaboration is 

especially important because students’ food waste 

behavior is shaped by both school and family 

environments. Home–school collaboration can 

reinforce food-saving values, align messages 

between teachers and parents, and support behavior 

change beyond the canteen. Digital platforms can 

strengthen this process by sharing food waste data, 

providing feedback, communicating school 

campaigns, and encouraging parent participation. At 

the same time, policy support can provide 

legitimacy, resources, rules, and incentives for 

sustained implementation. 

Thus, digital food waste management 

requires more than technical installation. It needs 

collaborative governance structures that connect 

operational management with educational guidance 

and family involvement. This is why the present 

study includes home–school collaboration and 

policy support as key contextual factors affecting 

perceived food waste management effectiveness. 

https://www.sciencedirect.com/science/article/pii/S0040162525002069?utm_source=chatgpt.com
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2.5 Sustainability and Cost-Effectiveness of 

Digital Systems 

The sustainability of digital food waste 

management depends on whether the system can be 

maintained over time. Even if a digital system 

performs well technically, it may fail if maintenance 

costs are high, staff are not trained, data security is 

weak, or school leaders do not see clear benefits. 

Therefore, sustainability and cost-effectiveness are 

essential dimensions of implementation. 

Cost-effectiveness is particularly important 

in school settings because budgets are often limited 

and digital systems must compete with other 

educational priorities. A system should not only 

reduce waste but also justify its costs through 

improved procurement accuracy, reduced 

overproduction, better inventory control, lower 

disposal burden, and educational benefits. 

Sustainability also includes organizational readiness, 

continuous training, system upgrading, privacy 

protection, and integration into routine canteen 

work. 

In this study, sustainability and cost-

effectiveness are treated as important conditions that 

influence whether digital technology-assisted food 

waste management can move from short-term 

project implementation to long-term institutional 

practice. 

 

2.6 Research Gap and Conceptual Direction 

The literature reveals three major gaps. 

First, while food waste has been widely studied in 

households, commercial catering, universities, and 

public institutions, fewer studies focus specifically 

on primary school canteens. Second, many studies 

examine either food waste behavior or digital 

technology separately, but fewer integrate technical 

factors, stakeholder acceptance, policy support, 

home–school collaboration, sustainability, and cost-

effectiveness in one framework. Third, empirical 

evidence remains limited on how these factors 

jointly influence perceived food waste management 

effectiveness in primary school settings. 

To address these gaps, this study proposes a 

socio-technical framework for digital technology-

assisted food waste management in primary school 

canteens. The framework assumes that digital 

technology application perception, operational 

convenience, and data accuracy influence user 

acceptance and management effectiveness, while 

policy support, home–school collaboration, 

sustainability, and cost-effectiveness strengthen the 

implementation environment. This framework 

guides the empirical analysis of digital food waste 

management at the Affiliated Primary School of 

Southwest University, using data from students, 

teachers, canteen staff, and parents. 

 

III. Research Design 
3.1 Research Approach 

This study adopted a quantitative case 

study design to examine how digital technology-

related factors influence perceived food waste 

management effectiveness in a primary school 

canteen. A case study design was appropriate 

because the research focused on a real-world school 

setting where technology use, canteen operations, 

stakeholder participation, and sustainability 

practices interact within a specific institutional 

context (Yin, 2018). A quantitative approach was 

used to test relationships among latent constructs 

through factor analysis and structural equation 

modeling. Recent research design guidance supports 

this approach when a study aims to examine 

measurable relationships within a clearly bounded 

case (Creswell & Creswell, 2023). 

The study was conducted at the Affiliated 

Primary School of Southwest University. The 

conceptual framework was informed by the 

Technology Acceptance Model and collaborative 

governance theory, emphasizing the relationships 

among digital technology application perception, 

operational convenience, data accuracy, user 

acceptance, policy support, home–school 

collaboration, sustainability, cost-effectiveness, and 

perceived food waste management effectiveness. 

 

3.2 Participants and Sampling 

Participants were drawn from four 

stakeholder groups directly involved in or affected 

by school canteen food waste management: 

students, teachers, canteen staff, and parents. A non-

probability sampling strategy combining purposive 

and quota sampling was used because the study 

required informed perspectives from relevant 

stakeholder groups rather than population-level 

generalization. Purposive sampling is suitable when 

participants are selected based on their direct 

relevance to the research problem (Creswell & 

Creswell, 2023). 

A total of 550 questionnaires were 

distributed, and 523 valid responses were obtained, 

yielding a valid response rate of 96.6%. The sample 

included 320 students, 68 teachers, 55 canteen staff, 

and 80 parents. This sample structure allowed the 

study to examine both overall relationships among 

variables and perception differences across 

stakeholder groups. 

3.3 Instrumentation 
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Data were collected using a structured 

questionnaire developed from the research 

framework and related literature on digital 

technology adoption, food waste management, and 

collaborative governance. The questionnaire 

included ten latent constructs: digital technology 

application perception, food waste management 

effectiveness, user acceptance, operational 

convenience, data accuracy, home–school 

collaboration, sustainability, policy support, cost-

effectiveness, and improvement needs. Each 

construct was measured by five observed items, 

resulting in 50 items. Responses were measured 

using a five-point Likert scale from 1 = strongly 

disagree to 5 = strongly agree. 

The instrument captured both technical and 

contextual dimensions of digital food waste 

management. Technical dimensions included 

operational convenience and data accuracy, while 

contextual dimensions included user acceptance, 

policy support, home–school collaboration, 

sustainability, and cost-effectiveness. Food waste 

management effectiveness was treated as the main 

outcome variable. Because the study relied on 

stakeholder perceptions, the results should be 

interpreted as evidence of perceived effectiveness, 

not direct measurement of actual food waste 

reduction. 

 

3.4 Data Collection and Screening 

Questionnaire data were collected from the 

four stakeholder groups. Before analysis, the dataset 

was screened for missing values, invalid responses, 

outliers, and normality. A total of 127 missing 

values were treated, and 18 invalid cases were 

excluded, leaving 523 valid responses for analysis. 

Common method bias was assessed using Harman’s 

single-factor test. The first unrotated factor 

explained 32.76% of total variance, below the 40% 

threshold, suggesting that common method bias was 

not a serious concern. 

 

3.5 Data Analysis 

Data were analyzed using SPSS and 

AMOS. The analysis proceeded in five stages. First, 

descriptive statistics were used to examine the 

distribution of key variables. Second, exploratory 

factor analysis was conducted to examine the 

preliminary factor structure. Third, confirmatory 

factor analysis was used to assess the measurement 

model, including model fit, reliability, convergent 

validity, and discriminant validity. Fourth, structural 

equation modeling was applied to test the 

hypothesized relationships among latent variables. 

SEM is suitable for examining complex 

relationships among multiple latent constructs 

measured by observed indicators (Kline, 2023). 

Fifth, SWOT analysis was used to interpret practical 

implementation conditions, including strengths, 

weaknesses, opportunities, and threats. 

The measurement results showed strong 

reliability and validity. Cronbach’s alpha values 

ranged from 0.852 to 0.881, composite reliability 

ranged from 0.871 to 0.897, and average variance 

extracted ranged from 0.692 to 0.732. The 

measurement model also showed good fit: χ²/df = 

1.876, RMSEA = 0.042, CFI = 0.953, GFI = 0.927, 

and AGFI = 0.903. These values meet commonly 

accepted standards for SEM-based research (Hair et 

al., 2022; Kline, 2023). 

 

3.6 Ethical Considerations and Methodological 

Scope 

Because the study involved school 

stakeholders, including primary school students, 

ethical care was applied throughout the research 

process. Participation was voluntary, responses were 

used only for academic purposes, and no 

unnecessary personal identification data were 

collected. Data were analyzed in aggregate form to 

protect participant privacy. 

This study provides context-specific 

evidence from a single primary school case. 

Therefore, the findings should not be generalized to 

all primary schools without caution. In addition, the 

cross-sectional and perception-based design limits 

causal interpretation. Future studies should combine 

perception data with objective indicators, such as 

plate waste weight, procurement records, leftover 

volume, and before–after digital implementation 

data. 

 

3.1 Research Approach 

This study adopted a quantitative case 

study design to examine how digital technology-

related factors influence perceived food waste 

management effectiveness in a primary school 

canteen. A case study approach was appropriate 

because the research focused on a real-world school 

setting where digital technology, canteen operations, 

stakeholder participation, and sustainability 

practices are closely connected. Case study research 

is suitable for investigating contemporary 

phenomena within their practical context, especially 

when contextual conditions are central to 

understanding the issue (Yin, 2018). A quantitative 

design was used because the study aimed to test 

relationships among latent variables through 

statistical modeling. 
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The study was conducted at the Affiliated 

Primary School of Southwest University. This site 

was selected because it provides a relevant 

institutional context for examining digital 

technology-assisted food waste management in a 

primary school canteen. The research framework 

was informed by the Technology Acceptance Model 

and collaborative governance theory, emphasizing 

the interaction among digital technology perception, 

operational convenience, data accuracy, user 

acceptance, home–school collaboration, policy 

support, sustainability, cost-effectiveness, and 

perceived food waste management effectiveness. 

 

3.2 Participants and Sampling 

The participants consisted of four 

stakeholder groups directly related to school canteen 

food waste management: students, teachers, canteen 

staff, and parents. A non-probability sampling 

strategy combining purposive and quota sampling 

was applied. This approach was suitable because the 

study required responses from informed stakeholder 

groups rather than a statistically representative 

sample of the general population. Contemporary 

research design literature recognizes purposive 

sampling as appropriate when participants are 

selected because of their relevance to the research 

problem (Creswell & Creswell, 2023). (Colorado 

Mountain College) 

A total of 550 questionnaires were 

distributed, and 523 valid responses were obtained, 

yielding a valid response rate of 96.6%. The sample 

included 320 students, 68 teachers, 55 canteen staff, 

and 80 parents. This distribution allowed the study 

to compare perceptions across stakeholder groups 

and identify role-specific differences in digital 

technology acceptance and perceived management 

effectiveness. 

 

3.3 Research Instrument 

Data were collected using a structured 

questionnaire developed from the research 

framework and relevant literature on digital 

technology adoption, food waste management, and 

collaborative governance. The questionnaire 

measured ten latent constructs: digital technology 

application perception, food waste management 

effectiveness, user acceptance, operational 

convenience, data accuracy, home–school 

collaboration, sustainability, policy support, cost-

effectiveness, and improvement needs. Each 

construct was measured by five observed items, 

resulting in 50 measurement items. All items used a 

five-point Likert scale ranging from 1 = strongly 

disagree to 5 = strongly agree. 

The instrument was designed to capture 

both technical and contextual dimensions of digital 

food waste management. Technical dimensions 

included operational convenience and data accuracy, 

while contextual dimensions included user 

acceptance, policy support, home–school 

collaboration, sustainability, and cost-effectiveness. 

Food waste management effectiveness was treated 

as the main outcome variable. Because the study 

measured stakeholder perceptions, the findings 

should be interpreted as evidence of perceived 

effectiveness, not direct evidence of actual food 

waste reduction. 

 

3.4 Data Collection Procedure 

Questionnaire data were collected from 

students, teachers, canteen staff, and parents 

involved in or affected by school canteen food waste 

management. Before data analysis, responses were 

screened for missing values, invalid cases, outliers, 

and normality. A total of 127 missing values were 

processed, and 18 invalid cases were excluded. The 

final dataset of 523 valid responses was retained for 

analysis. Common method bias was assessed using 

Harman’s single-factor test, and the first unrotated 

factor explained 32.76% of the variance, below the 

commonly used 40% threshold. This result indicated 

that common method bias was not a serious threat to 

the study. 

 

3.5 Data Analysis 

Data were analyzed using SPSS and 

AMOS. The analysis followed five steps. First, 

descriptive statistics were used to examine the 

mean, standard deviation, skewness, and kurtosis of 

the core variables. Second, exploratory factor 

analysis was conducted to examine the preliminary 

factor structure. Third, confirmatory factor analysis 

was used to assess the measurement model, 

including model fit, reliability, convergent validity, 

and discriminant validity. Fourth, structural equation 

modeling was applied to test the hypothesized 

relationships among latent variables. SEM is 

appropriate when researchers examine relationships 

among multiple latent constructs measured by 

observed indicators (Kline, 2023). (Guilford Press) 

Fifth, SWOT analysis was used to interpret practical 

implementation conditions, including strengths, 

weaknesses, opportunities, and threats. 

Reliability and validity were evaluated 

using Cronbach’s alpha, composite reliability, and 

average variance extracted. The reported Cronbach’s 

alpha values ranged from 0.852 to 0.881, indicating 

strong internal consistency. Composite reliability 

ranged from 0.871 to 0.897, and average variance 

https://cmc.marmot.org/Record/.b66765584?utm_source=chatgpt.com
https://cmc.marmot.org/Record/.b66765584?utm_source=chatgpt.com
https://www.guilford.com/books/Principles-and-Practice-of-Structural-Equation-Modeling/Rex-Kline/9781462551910?srsltid=AfmBOoqgPdzbLlltCURkEX6Ao1QYUS_PA9b_-rqmGAdJjVD9YUqHKV67&utm_source=chatgpt.com
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extracted ranged from 0.692 to 0.732, supporting 

convergent validity. The measurement model 

showed good fit, with χ²/df = 1.876, RMSEA = 

0.042, CFI = 0.953, GFI = 0.927, and AGFI = 0.903. 

 

3.6 Ethical Considerations 

The study involved school-related 

stakeholders, including primary school students; 

therefore, ethical care was necessary. Participation 

was voluntary, and responses were used only for 

academic research purposes. The questionnaire did 

not collect unnecessary personal identification 

information. Data were analyzed in aggregate form 

to protect participant privacy. Given the use of 

digital technology and stakeholder data in the 

research context, the study also recognized the 

importance of data security, privacy protection, and 

responsible data management in school-based digital 

systems. 

 

3.7 Methodological Scope 

This research provides empirical evidence 

from a single primary school case. Therefore, the 

findings are context-specific and should not be 

generalized to all primary schools without caution. 

In addition, because the study used cross-sectional 

perceptual data, it cannot confirm causal effects or 

actual reductions in food waste. Future research 

should combine stakeholder perception data with 

objective waste indicators, such as plate waste 

weight, procurement records, disposal volume, and 

before–after comparisons. 

 

IV. Results and Analysis 
4.1 Data Screening and Preliminary Assessment 

Before conducting the main analysis, the 

dataset was screened to ensure its suitability for 

multivariate statistical analysis. Of the 550 

questionnaires distributed, 523 valid responses were 

retained after excluding invalid cases, resulting in a 

valid response rate of 96.6%. Missing values were 

treated through appropriate data-cleaning 

procedures, and 18 invalid cases were removed. 

Normality screening indicated that the observed 

variables were within acceptable ranges for 

skewness and kurtosis, supporting the use of factor 

analysis and structural equation modeling. 

Common method bias was assessed using 

Harman’s single-factor test. The first unrotated 

factor explained 32.76% of the total variance, which 

was below the commonly accepted 40% threshold. 

This result suggests that common method bias was 

not a serious concern in the dataset. Although 

Harman’s test has limitations, it provides an initial 

indication that the results were not dominated by a 

single measurement source (Hair et al., 2022). The 

cleaned dataset was therefore considered appropriate 

for subsequent exploratory factor analysis, 

confirmatory factor analysis, and structural model 

testing. 

 

4.2 Descriptive Statistics 

Descriptive statistics were used to examine 

stakeholders’ perceptions of the core constructs. The 

mean scores ranged from 3.62 to 3.95, indicating 

generally moderate to positive perceptions toward 

digital technology-assisted food waste management. 

Improvement needs received the highest mean 

score, suggesting that stakeholders recognized the 

necessity of further system optimization. User 

acceptance and policy support also showed 

relatively high scores, indicating a generally 

favorable attitude toward the use of digital 

technology in canteen food waste management. 

Sustainability recorded the lowest mean 

score among the constructs. This finding suggests 

that although stakeholders recognized the usefulness 

of digital technology, they remained concerned 

about long-term implementation, system 

maintenance, cost, staff capacity, and continued 

institutional support. Such concerns are common in 

digital transformation projects, where technical 

adoption must be matched with organizational 

readiness and resource continuity (Kline, 2023). The 

descriptive results therefore show that digital 

technology is positively perceived, but its long-term 

success depends on practical implementation 

conditions. 

 

4.3 Exploratory Factor Analysis and Reliability 

Exploratory factor analysis was conducted 

to examine the underlying structure of the 

measurement items. The Kaiser–Meyer–Olkin value 

was 0.892, indicating excellent sampling adequacy. 

Bartlett’s test of sphericity was significant, χ² = 

5826.374, df = 1225, p < .001, confirming that the 

correlation matrix was suitable for factor analysis. 

The mean communality value was 0.763, suggesting 

that the extracted factors explained a substantial 

proportion of item variance. 

The reliability results were also 

satisfactory. Cronbach’s alpha values ranged from 

0.852 to 0.881, exceeding the recommended 

threshold of 0.70. Composite reliability values 

ranged from 0.871 to 0.897, while average variance 

extracted values ranged from 0.692 to 0.732. These 

results indicate strong internal consistency and 

adequate convergent validity across the constructs. 

Overall, the exploratory analysis confirmed that the 

questionnaire had a stable factor structure and 
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acceptable reliability for further confirmatory 

analysis. 

 

4.4 Confirmatory Factor Analysis 

Confirmatory factor analysis was 

conducted to validate the measurement model. The 

model demonstrated good fit to the data: χ²/df = 

1.876, RMSEA = 0.042, NFI = 0.935, NNFI = 

0.948, CFI = 0.953, IFI = 0.954, GFI = 0.927, and 

AGFI = 0.903. These values meet commonly 

accepted criteria for acceptable or good model fit in 

structural equation modeling (Hair et al., 2022; 

Kline, 2023). 

Convergent validity was supported by the 

AVE values, all of which exceeded 0.50. 

Discriminant validity was also confirmed because 

the square root of AVE for each construct was 

greater than its correlations with other constructs. 

These findings indicate that the measurement model 

adequately captured distinct but related dimensions 

of digital technology-assisted food waste 

management, including digital technology 

application perception, operational convenience, 

data accuracy, user acceptance, policy support, 

home–school collaboration, sustainability, cost-

effectiveness, and perceived food waste 

management effectiveness. 

 

4.5 Structural Equation Modeling 

Structural equation modeling was used to 

test the hypothesized relationships among the latent 

variables. The structural model showed good fit, 

with χ²/df = 1.932 and RMSEA = 0.045. All 

hypothesized paths were statistically significant at p 

< .001, indicating strong empirical support for the 

proposed socio-technical framework. 

Digital technology application perception 

had significant positive effects on user acceptance, 

home–school collaboration, and sustainability. This 

suggests that when stakeholders perceive digital 

technology as useful and relevant to canteen food 

waste management, they are more likely to accept it, 

participate in collaborative activities, and view it as 

supportive of long-term management improvement. 

Operational convenience also positively influenced 

user acceptance and sustainability, confirming that 

ease of use is essential for technology adoption in 

daily canteen operations. 

Data accuracy emerged as a particularly 

important factor. It had a significant positive effect 

on both cost-effectiveness and perceived food waste 

management effectiveness. This finding indicates 

that reliable data are central to effective digital food 

waste management because accurate information 

supports better demand forecasting, food 

preparation, waste tracking, and decision-making. In 

addition, policy support positively influenced user 

acceptance and cost-effectiveness, suggesting that 

institutional backing strengthens both stakeholder 

confidence and implementation feasibility. 

User acceptance, home–school 

collaboration, sustainability, and cost-effectiveness 

all had significant positive effects on perceived food 

waste management effectiveness. Among these, user 

acceptance showed the strongest direct effect, 

followed by cost-effectiveness, home–school 

collaboration, and sustainability. These findings 

support the argument that digital food waste 

management is not only a technical issue but also a 

socio-technical process shaped by stakeholder 

readiness, institutional support, and collaborative 

practice. 

Finally, perceived food waste management 

effectiveness positively influenced improvement 

needs. This result suggests that stakeholders who 

recognized the effectiveness of digital technology 

also perceived a greater need for further system 

optimization. Rather than indicating dissatisfaction, 

this finding reflects a constructive demand for 

continuous improvement, including better usability, 

stronger data security, staff training, and long-term 

system refinement. 

 

4.6 Total Effects on Food Waste Management 

Effectiveness 

Total effect analysis showed that data 

accuracy was the strongest predictor of perceived 

food waste management effectiveness, with a total 

effect of 0.377. User acceptance ranked second, with 

a total effect of 0.328, followed by cost-

effectiveness at 0.293, home–school collaboration at 

0.215, and sustainability at 0.187. These findings 

highlight the central role of accurate data in digital 

canteen management. Without reliable data, schools 

may be unable to identify waste patterns, adjust food 

supply, or evaluate management outcomes 

effectively. 

The importance of user acceptance also 

confirms that digital systems must be 

understandable, trusted, and practically useful to 

stakeholders. Cost-effectiveness further indicates 

that digital interventions must provide visible value 

relative to their financial and operational burden. 

Together, these results suggest that successful digital 

food waste management depends on a balance 

between technical reliability, stakeholder adoption, 

and institutional feasibility. 

 

4.7 Stakeholder Group Differences 
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Group comparison analysis showed no 

significant gender differences in perceptions of 

digital technology-assisted food waste management. 

However, significant differences were found across 

grade levels and stakeholder groups. Sixth-grade 

students reported higher perceptions of digital 

technology application, food waste management 

effectiveness, and user acceptance than fourth-grade 

students. This may be because older students have 

stronger cognitive ability, greater digital familiarity, 

and better understanding of environmental 

responsibility. 

Significant differences were also found 

among stakeholder groups. Teachers reported the 

highest perceptions, followed by parents, while 

students and canteen staff showed relatively lower 

scores. Teachers may perceive digital systems as 

useful for supervision, environmental education, and 

school management. Parents may value the 

transparency and home–school communication 

enabled by digital platforms. In contrast, canteen 

staff may focus more on workload, usability, and 

operational difficulty. These findings suggest that 

implementation strategies should be differentiated 

by stakeholder group, with special attention to staff 

training, workflow integration, and student-friendly 

engagement mechanisms. 

 

4.8 SWOT Analysis 

The SWOT analysis provided additional 

insight into the practical conditions affecting 

implementation. The key strengths included high 

digital integration, strong data accuracy, positive 

stakeholder acceptance, and active home–school 

collaboration. These strengths are consistent with 

the SEM results, particularly the strong effect of 

data accuracy and user acceptance on perceived 

management effectiveness. 

The main weaknesses included limited 

canteen staff digital literacy, concerns about 

sustainability, insufficient cost-effectiveness 

awareness, and data security needs. These 

weaknesses indicate that the success of the system 

depends not only on technology installation but also 

on human capacity, financial planning, privacy 

protection, and long-term institutional commitment. 

The major opportunities included 

supportive policy environments, continuing 

advancement of digital technology, parental 

collaboration, and integration with environmental 

education. These opportunities suggest that digital 

food waste management can be linked to broader 

school sustainability and green education initiatives. 

However, several threats remain, including technical 

upgrade pressure, data security risks, resistance to 

changing traditional routines, and the multi-causal 

nature of food waste. These threats show that digital 

systems should be implemented gradually, with 

continuous training, stakeholder communication, 

and clear governance mechanisms. 

 

4.9 Summary of Findings 

The results provide empirical support for 

the proposed socio-technical framework. Digital 

technology-related factors significantly influenced 

perceived food waste management effectiveness, but 

their effects operated through both technical and 

social mechanisms. Data accuracy was the most 

influential predictor, confirming that reliable 

information is the foundation of data-driven canteen 

management. User acceptance and cost-

effectiveness were also central, showing that digital 

systems must be both usable and institutionally 

feasible. Home–school collaboration and 

sustainability further strengthened the 

implementation environment. 

Overall, the findings suggest that digital 

technology-assisted food waste management in 

primary school canteens should be understood as an 

integrated process involving accurate data systems, 

user-friendly design, stakeholder acceptance, policy 

support, collaborative governance, and long-term 

sustainability planning. 

 

V. Discussion 
The findings show that digital technology-

assisted food waste management in primary school 

canteens should be understood as a socio-technical 

process, not merely a technical intervention. Digital 

tools can improve monitoring, prediction, reporting, 

and decision-making, but their effectiveness 

depends on data quality, stakeholder acceptance, 

operational readiness, and institutional support. This 

interpretation aligns with recent evidence that food 

waste reduction requires reliable measurement, 

cross-sector coordination, and integrated action 

across technical, organizational, and behavioral 

dimensions (UNEP, 2024; Shadid et al., 2025). 

(UNEP - UN Environment Programme) 

First, the strong effect of data accuracy 

confirms that reliable information is the foundation 

of digital food waste management. Accurate data 

allow schools to identify waste patterns, adjust 

procurement and meal preparation, improve portion 

planning, and evaluate management outcomes. 

Recent studies similarly emphasize that digital 

scales, AI-assisted recognition, data dashboards, and 

predictive analytics can strengthen food waste 

monitoring and improve decision-making when data 

are valid and consistently used (Bux et al., 2024; 

https://www.unep.org/resources/publication/food-waste-index-report-2024?utm_source=chatgpt.com
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Fatorachian, 2025). (Taylor & Francis Online) In 

this study, data accuracy was the strongest predictor 

of perceived food waste management effectiveness, 

suggesting that the value of digital technology lies 

less in automation itself and more in producing 

trustworthy information for action. 

Second, the significant role of user 

acceptance and operational convenience supports 

the Technology Acceptance Model, which argues 

that perceived usefulness and ease of use influence 

technology adoption (Davis, 1989). In the school 

canteen context, digital systems must be simple 

enough for daily use by canteen staff, 

understandable for teachers and parents, and 

meaningful for students. The lower perceptions 

among canteen staff suggest that system usability, 

workload, training, and workflow integration remain 

critical implementation issues. Therefore, schools 

should not treat staff training as an optional activity 

but as a core condition for successful digital 

transformation. 

Third, the positive effect of home–school 

collaboration indicates that food waste 

management in primary schools extends beyond 

canteen operations. Children’s eating behavior is 

shaped by school routines, teacher guidance, peer 

influence, and family habits. Recent school-canteen 

research shows that food waste is shaped by 

organizational structures, social interactions, and 

individual behavior, confirming the need for multi-

level interventions (Malefors et al., 2025; Falasconi 

et al., 2025). (ScienceDirect) Digital platforms can 

support this process by sharing waste information, 

communicating food-saving campaigns, and 

reinforcing environmental education between school 

and family. 

Fourth, sustainability and cost-

effectiveness are essential for long-term 

implementation. Although digital systems may 

improve monitoring and management, schools may 

face challenges related to maintenance costs, data 

security, system upgrades, staff capacity, and budget 

limitations. This finding is consistent with recent 

digital food waste literature, which highlights that 

digitalization can support prediction, monitoring, 

and optimization, but scalability and long-term 

institutional integration remain major challenges 

(Shadid et al., 2025; UNEP, 2024). (ScienceDirect) 

Thus, digital food waste systems should be 

affordable, secure, easy to maintain, and embedded 

into routine school management. 

Finally, the SWOT analysis reinforces the 

SEM findings. Data accuracy, stakeholder 

acceptance, and home–school collaboration are key 

strengths, while staff digital literacy, sustainability 

concerns, cost-awareness gaps, and data security 

remain weaknesses. These findings suggest that 

digital technology should not be implemented as a 

one-time technical purchase. Instead, schools should 

adopt a phased strategy involving reliable data 

systems, staff capacity building, privacy protection, 

stakeholder communication, and continuous 

evaluation. 

Overall, this study supports a socio-

technical and collaborative governance perspective 

on digital food waste management. Digital 

technology can strengthen primary school canteen 

management when accurate data, user-friendly 

systems, stakeholder readiness, institutional support, 

cost-effectiveness, and home–school collaboration 

are integrated into one implementation framework. 

 

VI. Conclusion and Implications 
6.1 Conclusion 

This study examined digital technology-

assisted food waste management in a primary school 

canteen through a quantitative case study of the 

Affiliated Primary School of Southwest University. 

Drawing on the Technology Acceptance Model and 

collaborative governance theory, the study tested 

how digital technology application perception, 

operational convenience, data accuracy, user 

acceptance, policy support, home–school 

collaboration, sustainability, and cost-effectiveness 

influence perceived food waste management 

effectiveness. 

The findings show that digital technology 

can support food waste management when it is 

embedded in a wider socio-technical system. 

Among all predictors, data accuracy had the 

strongest effect, followed by user acceptance and 

cost-effectiveness. This indicates that reliable data 

are central to waste monitoring, demand forecasting, 

procurement adjustment, and evidence-based 

canteen decision-making. The importance of 

accurate food waste data is consistent with recent 

studies emphasizing measurement, monitoring, and 

data-driven decision-making as core conditions for 

effective food waste reduction (Shadid et al., 2025; 

UNEP, 2024). (ScienceDirect) 

The results also confirm that home–school 

collaboration and sustainability strengthen perceived 

management effectiveness. In primary schools, food 

waste reduction depends not only on digital tools 

but also on teacher guidance, parent support, staff 

readiness, and student behavior formation. This 

supports recent school-canteen research showing 

that food waste is shaped by organizational, school-

level, and individual factors rather than by 

https://www.tandfonline.com/doi/abs/10.1080/15378020.2024.2394730?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/pii/S2211464525002520?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/pii/S2772912525002465?utm_source=chatgpt.com
https://www.sciencedirect.com/science/article/pii/S2772912525002465?utm_source=chatgpt.com
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operational factors alone (Malefors et al., 2025; 

Falasconi et al., 2025). (ScienceDirect) 

 

6.2 Theoretical Implications 

This study makes three theoretical 

contributions. First, it extends food waste 

management research to the underexplored context 

of primary school canteens, where waste reduction 

is closely linked with children’s eating habits, 

environmental learning, and school-family 

interaction. Second, it advances a socio-technical 

perspective by showing that digital food waste 

management depends on the interaction between 

technical factors, such as data accuracy and 

operational convenience, and social-institutional 

factors, such as user acceptance, policy support, 

home–school collaboration, sustainability, and cost-

effectiveness. Third, it demonstrates the value of 

integrating the Technology Acceptance Model with 

collaborative governance theory. TAM explains 

technology acceptance through usefulness and ease 

of use, while collaborative governance explains why 

school-based sustainability problems require shared 

responsibility among teachers, parents, students, 

canteen staff, and administrators (Davis, 1989; 

Ansell & Gash, 2008). 

 

6.3 Practical Implications 

The findings suggest several practical 

priorities. First, schools should treat data accuracy 

as the foundation of digital food waste management. 

Reliable data can help identify waste patterns, 

improve food preparation, adjust procurement, and 

evaluate management outcomes. Second, digital 

systems should be designed for ease of use, 

especially for canteen staff, who are the direct 

operators of many monitoring and reporting 

systems. Training, workflow integration, and 

technical support should therefore be built into 

implementation from the beginning. 

Third, schools should use digital platforms 

to strengthen home–school collaboration. Sharing 

waste-related information, communicating food-

saving campaigns, and involving parents can 

reinforce students’ conservation behavior beyond 

the canteen. Fourth, schools should evaluate digital 

systems in terms of sustainability, cost-

effectiveness, and data security. Recent work on 

digital food waste management shows that digital 

tools can improve monitoring, prediction, and 

coordination, but long-term impact depends on 

scalability, affordability, institutional integration, 

and responsible data governance (Fatorachian, 2025; 

UNEP DTU Partnership, 2021). (MDPI) 

 

6.4 Limitations and Future Research 

This study has three main limitations. First, 

it used a single-site case design; therefore, the 

findings are context-specific and should be 

generalized cautiously. Future research should 

compare schools across different regions, sizes, 

management systems, and levels of digital 

readiness. Second, the study relied mainly on 

stakeholder perception data; therefore, the findings 

reflect perceived food waste management 

effectiveness rather than directly measured waste 

reduction. Future studies should verify these 

perceptions by incorporating objective food waste 

indicators, such as actual waste-weight records, 

plate-waste measurements, leftover volume, 

procurement–consumption comparisons, disposal 

cost, and before–after data from digital system 

implementation. This would provide stronger 

evidence on whether digital technology contributes 

to measurable and sustained reductions in food 

waste over time. Third, the cross-sectional design 

limits causal interpretation. Longitudinal or quasi-

experimental studies are needed to examine whether 

digital technology leads to sustained improvements 

in food waste management practices.  

 

6.5 Final Statement 

In conclusion, digital technology can 

support primary school canteen food waste 

management when implemented as part of an 

integrated socio-technical and collaborative 

governance system. Accurate data, user acceptance, 

cost-effectiveness, home–school collaboration, staff 

readiness, and sustainability planning are key 

conditions for success. By demonstrating the central 

role of data accuracy and stakeholder acceptance, 

this study provides a practical and theoretical basis 

for designing smart, sustainable, and educationally 

meaningful food waste management systems in 

primary schools. 
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Tables  

Table 1  Demographic Profile of the Respondents  

Variable  Category  Frequency (n)  Percentage (%)  

Stakeholder group  Students  320  61.2  

 Teachers  68  13.0  

 Canteen staff  55  10.5  

 Parents  80  15.3  

Total   523  100.0  

 

Table 2 Latent Constructs and Measurement Dimensions  

Latent construct  Abbreviation  No. of 

items  

Description  

Digital technology 

application perception  

DTP  5  Overall perception of digital technology’s role in 

canteen food waste management  

Food waste 

management 

effectiveness  

FME  5  Perceived effectiveness of waste reduction and 

management improvement  

User acceptance  UA  5  Stakeholder acceptance of digital technology 

application  

Operational OC  5  Perceived ease of operating the digital system  



 

  

International Journal of Humanities Social Science and Management (IJHSSM) 

Volume 6, Issue 4, Jul. – Aug., 2026, pp: 799-814                         ISSN: 3048-6874  

www.ijhssm.org                                                      

 

 

 

DOI: 10.5281/zenodo.22068153    | Impact Factor value 7.52 |   ISO 9001: 2008 Certified Journal        Page 811 

convenience  

Data accuracy  DA  5  Perceived reliability of system-generated data  

Home-school 

collaboration  

HSC  5  Level of school family collaboration in waste 

management  

Sustainability  SUS  5  Perceived long-term  

viability of digital system implementation  

Policy support  PS  5  Perceived institutional and policy support  

Cost-effectiveness  CE  5  Perceived cost-benefit balance of implementation  

Improvement needs  IN  5  Perceived demand for system optimization  

 

Table 3 Summary of Data Preprocessing Results 

Preprocessing item  Procedure used  Result  Interpretation  

Missing values  Mean substitution & 

case exclusion  

127 missing values processed; 18 

invalid cases excluded  

Valid data retained  

Outlier detection  Z-score & boxplot 

inspection  

Extreme values screened  No severe outlier bias  

Data standardization  Normality screening  Indicators approximated normal 

distribution  

Suitable for multivariate 

analysis  

Common method bias  Harman’s single 

factor test  

First factor explained  

32.76% variance  

No significant common 

method bias  

 

Table 4 Descriptive Statistics of Core Latent Variables 

Latent variable  No. of items  Mean  SD  Skewness  Kurtosis  

DTP  5  3.82  0.67  -0.32  0.21  

FME  5  3.76  0.71  -0.28  0.18  

UA  5  3.91  0.63  -0.41  0.25  

OC  5  3.68  0.75  -0.25  0.15  

DA  5  3.73  0.69  -0.30  0.20  

HSC  5  3.85  0.65  -0.35  0.22  

SUS  5  3.62  0.78  -0.23  0.13  

PS  5  3.88  0.64  -0.38  0.24  

CE  5  3.71  0.72  -0.27  0.17  

IN  5  3.95  0.61  -0.43  0.26  

 

Table 5 EFA and Reliability Statistics 

 

Indicator   Reported value  Interpretation   
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KMO   0.892  Excellent sampling adequacy  

Bartlett’s test   χ² = 5826.374, df = 1225, p < 

.001  

Significant correlation matrix  

Mean communality  0.763  Adequate factor extraction  

Cronbach’s α range  0.852–0.881  Strong internal consistency  

CR range    0.871–0.897  Good composite reliability  

AVE range    0.692–0.732  Good convergent validity  

 

Table 6 Measurement Model Fit Indices  

Fit index   Criterion  Observed 

value  

 Interpretation  

χ²/df   1.00–3.00  1.876   Good fit  

RMSEA   < 0.08  0.042   Good fit  

NFI   > 0.90  0.935   Good fit  

NNFI   > 0.90  0.948   Good fit  

CFI   > 0.90  0.953   Good fit  

IFI   > 0.90  0.954   Good fit  

GFI   > 0.90  0.927   Good fit  

AGFI   > 0.85  0.903   Good fit  

 

Table 7 Structural Path Coefficients  

Path  β   SE  CR  p-value  Result  

DTP → UA  0.287   0.043  6.674  < .001  Supported  

DTP → HSC  0.253   0.045  5.622  < .001  Supported  

DTP → SUS  0.231   0.047  4.915  < .001  Supported  

OC → UA  0.312   0.041  7.609  < .001  Supported  

OC → SUS  0.246   0.046  5.348  < .001  Supported  

DA → CE  0.335  0.042  7.976  < 

.001  

Supported  

DA → FME  0.279  0.044  6.341  < 

.001  

Supported  

PS → UA  0.268  0.044  6.091  < Supported  
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.001  

PS → CE  0.295  0.043  6.860  < 

.001  

Supported  

UA → FME  0.328  0.040  8.200  < 

.001  

Supported  

HSC → FME  0.215  0.048  4.479  < 

.001  

Supported  

SUS → FME  0.187  0.049  3.816  < 

.001  

Supported  

CE → FME  0.293  0.041  7.146  < 

.001  

Supported  

FME → IN  0.352  0.039  9.026  < 

.001  

Supported  

 

Table 8 Total Effects on FME 

Variable   Total effect  Rank   

DA   0.377  1   

UA   0.328  2   

CE   0.293  3   

HSC   0.215  4   

SUS   0.187  5   

 

Table 9  Significant Group Differences  

Variable   Comparison  Test  Significance  Finding  

Gender   Male vs. Female  t-test  p > .05  No significant difference  

Grade   Grades 4–6  ANOVA  p < .05  Grade 6 students score higher  

Stakeholder   Four groups  ANOVA  p < .05  Teachers > Parents > Students/Staff  

 

Table 10  SWOT Matrix  

Dimension  Summary  

Strengths  High digital integration, strong data accuracy, good stakeholder acceptance, active 

homeschool collaboration  

Weaknesses  Low staff digital literacy, sustainability concerns, cost-awareness gaps, data security needs  
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Opportunities  Supportive policies, digital advancement, parental collaboration, environmental education 

integration  

Threats  Technical upgrade pressure, data security risks, routine resistance, multi-causal food waste  

Note: Tables summarize empirical evidence; the main text focuses on interpretation and discussion. 

 

 

 

 


