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    Abstract: Sustainable development ensures global progress without compromising future generations' opportunities. UN Sustainable Development Goals aim to integrate Green Technology and AI applications among business and management professionals. This descriptive study examines management graduates' attitudes toward sustainability, Green-Technology Integration (GTI), and institutional support for AI in education to foster sustainable business practices. The study is based on the intelligent Socio-Technical Systems (iSTS) framework. A structured questionnaire collected responses from 389 management students in Kerala, India via stratified participation. The data was coded, anonymised and analysed statistically. Findings highlight the role of curriculum design, faculty expertise, and institutional initiatives in shaping sustainability awareness. Significant correlations exist between graduates’ perceptions of GTI (mean = 4.14), sustainability in education, AI’s role, institutional support, and curriculum support (r = 0.651, p < 0.01), emphasising AI’s role in sustainability education. The study advocates for AI-driven training and courses to enhance graduates' eco-friendly innovation capabilities, offering insights for academic leaders, policymakers, researchers and environmental advocates.
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    Introduction

  
  The sustainable utilisation of non-renewable resources in the context of national development and sustainable growth is a global discussion topic (Noor et al., 2024). The concept of sustainability in business has evolved significantly over the past centuries from peripheral environmental concerns to a core strategic imperative.  The sustainable concept gained momentum in the 1960s with the growth of environmental science and business concerns (Benn et al., 2014). Early management education emphasised efficiency and profit, with sustainability emerging in the 1980s and 1990s (Weybrecht, 2021). UN-led PRME in 2007 accelerated integration (PRME, 2024). Sustainability education now stresses interdisciplinary approaches, ethics, circular economy models and addresses emerging challenges from AI and green technologies (Hoffman, 2018; Holst, 2023; Vinuesa et al., 2019).  Green Technology Integration (GTI) into management education faces challenges such as limited faculty expertise, resource constraints and weak industry alignment (Christou et al., 2024; Li et al., 2023). Indian management education shows uneven sustainability integration, often limited to theoretical approaches (Sharma, 2023; Bhaskar & Gupta, 2024). In the Kerala state, despite strong education indicators sustainability adoption remains uneven due to resource limitations (Chathukulam & Tharamangalam, 2021; Joseph & Thomas, 2021). 


The research frameworks like the modified Socio-Technical Systems (iSTS) theory offer promise for examining AI-green tech interactions but their application in sustainability education remains underexplored in non-Western contexts (Akinsemolu & Onyeaka, 2025; Xu & Gao, 2024).  In terms of application there is limited evidence on how curricula can practically incorporate AI tools (e.g., ChatGPT, Grok, or Gemini) for personalised sustainability learning (Sigurjonsson & Wendt, 2025). These profound gaps are unaddressed and they hinder progress toward SDGs 4 and 12. This descriptive study addresses these gaps by inspecting the attitudes of management graduates in the State of Kerala, India, toward integrating green technology and AI tools for sustainable business practices. It concentrated on the perceptions of management graduates regarding sustainability, the role of AI in fostering sustainability and the support provided by their educational institutions for sustainable practices. The theoretical frame of the study was adopted from the modified version of the traditional Socio-Technical Systems (STS) Theory of Trist and Bamforth (1951) and extended as the iSTS framework to incorporate AI and digital transformation (Xu & Gao, 2024).


The present research context was management education in Kerala, India, a region with strong educational indicators but uneven sustainability adoption due to resource limitations and weak industry alignment. It explored graduates' attitudes amid global SDGs, focusing on integrating green technology and AI amid evolving business sustainability trends as post-1960s environmental movements and UN PRME initiatives. Key variables included: GTI as the outcome/dependent variable; mediators like AI in sustainability, curriculum support, and institutional support; and sustainability in education as an interrelated construct, with AI training as a moderator—all measured via a five-point Likert scale questionnaire.This study applied the iSTS framework in an Indian context and offers policy insights for AI-driven training and curriculum reforms to support SDG-aligned education and sustainable business innovation in India


Literature Review

Sustainability in the AI Era

AI-based sustainable business practices reduce environmental impact while enhancing long-term profitability and competitive advantage (Mair & Smith, 2022; Zhironkin & Abu-Abed, 2024). As industries adopt green technologies and AI solutions, managers must align with evolving sustainability trends. Effective use of AI requires a human-centred AI approach grounded in sociotechnical thinking (Xu & Gao, 2024). Therefore, management education must provide relevant training and exposure to sustainable practices (Singh et al., 2025). This descriptive study examines Kerala management graduates’ attitudes towards GTI focusing on sustainability perceptions, AI’s role and institutional support.


The theoretical frame of the study was adopted from the modified version of the traditional Socio-Technical Systems (STS) Theory of Trist and Bamforth (1951).   STS theory has been extended as the intelligent sociotechnical systems (iSTS) framework to address AI integration (Sovacool & Hess, 2017; Xu & Gao, 2024). The iSTS framework incorporates digital transformation, including AI, automation, big data, and sustainability. It enables analysis of interactions among technology, people, institutions, sustainability and business practices within complex contemporary systems (Nair et al., 2024; Xu & Gao, 2024).


Green Technology Integration

GTI emphasises adopting environmentally friendly technologies in business operations to reduce carbon footprints, improve energy efficiency and support sustainable development (Saqib et al., 2024). GTI stems from Green Technology Innovation (GTIn), which includes research, development, invention and training. These technologies mitigate climate change, reduce pollution, promote eco-friendly practices and balance economic growth with environmental protection (Saqib et al., 2024; Weybrecht, 2021). Businesses adopting green technologies report improved efficiency, reduced environmental impact and stronger brand reputation (Chen et al., 2024). Employee knowledge, resources and readiness are critical for this adoption (Ercantan & Eyupoglu, 2022). However, despite strategic emphasis, many HEIs lack comprehensive operational policies for training their students for GTI (Christou et al., 2024). GTI requires transforming the entire educational environment, not just curricula (Reche et al., 2020). Major barriers include limited academic time, faculty expertise, weak institutional support, and low industry demand (Li et al., 2023). 


Sustainability in Education

Sustainability incorporation integrates environmental, social, human and economic dimensions across organisations, governments and education (Joseph et al., 2022; Sharma, 2023; Zhang, 2024). In education, it prepares students to address environmental challenges and support sustainable economic growth (Bhaskar & Gupta, 2024; Sharma, 2023). A holistic approach embeds sustainability across curricula and campus operations (Holst, 2023). Management education needs to focus on sustainability concepts and practical applications of circular economy, waste-to-energy systems and green technologies leading to interdisciplinary learning and sustainability awareness (Jebba et al., 2024; Joseph et al., 2023; Karjanto, 2023a; Karjanto, 2023b). Managers’ expertise in waste-to-energy and resource optimisation is vital for sustainability (Kalak, 2023; Karim et al., 2025). Real-world applications strengthen the engagement and understanding of the students (Vargas-Merino et al., 2024; Weybrecht, 2021). 


AI Tools for Sustainable Business Practices

AI enables personalised learning, real-time case studies and simulations in management education to enhance understanding of sustainability practices (Shakeel & Wendt, 2025; Sigurjonsson & Wendt, 2025). AI applications streamline operations, lower carbon footprints and reduce inefficiencies (Chen et al., 2024; Hasan et al., 2024). AI-driven simulations and virtual cases improve sustainability learning and support distance education (Ai & Chung, 2025; Mende  et al., 2024; Vinuesa et al., 2019). Students can use AI to analyse datasets for waste reduction, optimise supply chains and minimise energy and material usage (Adewale et al., 2024; Kulkov et al., 2023). AI also reduces administrative costs and supports data-driven sustainability decisions, underscoring the need for curricular integration with institutional support (Appio et al., 2024; Ta et al., 2024).


Curriculum and the Institutional Support for AI and Sustainability

An AI-integrated curriculum in tune with industrial requirements is a critical success factor for business schools in the AI era (Huang, 2025; Southworth et al., 2023). Integration of AI tools and sustainability is accelerating as industries recognise AI’s potential in addressing global challenges (Ejjami, 2024; Rosak-Szyrocka et al., 2023; Singh et al., 2025). Effective integration depends on faculty expertise, enthusiasm, curriculum-embedded AI applications and experiential learning through case studies, projects and internships (Leal Filho et al., 2024; Senior et al., 2025). Institutional leadership, supportive policies, interdisciplinary collaboration and access to AI and sustainability resources are essential for building resilient, future-ready education systems (Liu & Curtin, 2025; Zönnchen et al., 2024).The literature review underscores critical gaps in integrating green technology and AI tools into management education, particularly in non-Western contexts like India. The theoretical focus dominates amid barriers such as faculty limitations and weak institutional alignment (e.g., Li et al., 2023; Sharma, 2023). Drawing on the iSTS framework (Xu & Gao, 2024), it reveals how AI can mediate sustainability outcomes through human-centred approaches. These insights directly inform the research objectives of the study. 


Research Objectives

The research problem was formulated as: “How are management graduates' attitudes toward Green Technology Integration and their perceptions of AI tools for sustainable business practices influenced by management curricula and institutional support?” To address this, the following research objectives were pursued:


	To assess the role of green technology courses in management curricula and their effect on students’ sustainability attitudes.

	To identify the relation between GTI, sustainability in education, AI tools use, curriculum and institutional support for sustainable business practices with respect to the perception of the management graduates.



Research Model and Hypotheses Development

The research objectives identified for this research were tested by formulating the research hypothesis. The following null hypotheses for testing the objectives were formulated as:


H0-1: There is no significant difference between the perception of the management graduates on GTI, sustainability in education, AI tools use, curriculum and institutional support for sustainable business practices with respect to their demographic factors .


H0-2: There is no significant relation between the perception of the management graduates on GTI, sustainability in education, AI tools use, curriculum and institutional support for sustainable business practices.


H0-3: There is no mediation effect on GTI and sustainability in education through the management graduates’ perception on AI tools use, curriculum and institutional support for sustainable business practices. 


Based on the research reviews and the theoretical frame, the hypothesised relationships for the research model were formulated. Figure 1 depicts GTI as the outcome variable, mediated by AI, curriculum, and institutional support, moderated by AI training.
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Figure 1: Research model
Methods

Sample and Inclusion Criteria

This study focused on undergraduate and postgraduate management students (BBA, MBA, and commerce specialisations) enrolled in universities across the state of Kerala, India. Students from non-business disciplines were excluded. The population was stratified across six universities, and data were collected through a structured Google Form questionnaire using voluntary sampling, with mandatory fields to avoid incomplete responses. Instruments were adapted from established scales, including the New Ecological Paradigm (Dunlap et al., 2000), and validated through expert review, a pilot study (n = 80), and scale dimensionality is affirmed with the Principal Component Analysis.  Final responses from 389 students were analysed using descriptive statistics, t-tests, ANOVA, correlation, regression, and mediation analysis, adhering to ethical standards.


Techniques Used

This study on the Management Graduates' attitudes for Sustainable Business Practices is framed based on the extensive research conducted on sustainability concerns and AI integration. The preliminary field studies were conducted among the management graduates enrolled in the different universities of the state of Kerala. Further studies were conducted among the management graduates through focus group interviews and in-depth field interactions to frame the research problem. Based on these preliminary studies this descriptive research design was identified along with an extensive review of the literature.  


The study used the statistical tests ANOVA, t-test, correlation, regression, and mediation for getting inference from the quantitative data collected through the structured questionnaire. The study used the iSTS theoretical framework to extend STS with respect to the concerns of AI integration. The data was tested for its skewness and kurtosis to find whether it fell under the limits of parametric distribution.  The relevant ethical concerns were addressed in this research and anonymity and consent was ensured for each respondent.


Data Collection

The tool for the structured sample survey was adopted from the relevant studies and New Ecological Paradigm (NEP) for the Sustainability Awareness Index, and assessment rubrics for proficiency (Dunlap et al., 2000). The tools adopted for this study were tested for face validity and content validity with an expert in the field. The pilot study with 80 samples from the population was conducted and upon analysis it affirmed the reliability of the instruments. The tool items further affirmed the dimensions when extracted with principal component analysis for reducing the dimensions, and the Varimax with Kaiser Normalisation provided the five components which were included in the tools. Principal Component Analysis resulted with factor loadings that ranged from 0.68 to 0.85. 


The digital form of the questionnaire was expressed in statement format as, ‘I follow sustainable business practices like saving energy and using energy-efficient equipment’, with five-point Likert scale responses as: 1 = Strongly Disagree, 5 = Strongly Agree. All question items were set as mandatory fields for the respondents. The questionnaire consisted of 23 items to measure the constructs. The responses from the 389 management students were collected with the final tools and were coded, anonymised and the code of ethical research were adhered at all stages of the research. 


Data collection was done through the Google Form and primary analysis and data coding was done with MS Excel. The statistical analysis of correlation, ANOVA and regression was done with IBM SPSS v26.0. The Process Macro v4.2 add-on to SPSS by Andrew F. Hayes, PhD was used for the mediation analysis. 


Results

The sample consisted of 389 management graduates from six universities in the state of Kerala with 55.8% being female graduates. The management graduates had a major specialisation in marketing (32.6 %), HR (18.8%), finance (36.2%) and other specialisations (12.4%). All the management graduates expressed their interest in AI tools and its usage, while 24.5% were regularly undergoing systematic certification or training on AI tool usage, and 75.1% were interested in and wished to go on to systematic training on AI tool usage for managerial function and sustainability practices.  The detailed descriptive statistics of the variables under study is given in Table 1. The reliability of each variable was under the accepted limit when tested with Cronbach's alpha. The skewness and kurtosis of the items indicated that the data was normally distributed and parametric tests were used for the analysis (Hair et al., 2006).


i)	The role of Green Technology Courses in Management Curricula and their Impact on Students’ Sustainability Attitudes

The perception of the management students on GTI was rather high (mean = 4.14, SD = 0.439) on a Likert scale where the maximum was 5 (Table 1). The responses of the graduates on GTI with respect to their locality as rural (mean 4.13) and urban (mean 4.14) fall in a similar range. All other variables were rated higher than normal and the deviation limit of the responses were minimal, which indicates the homogeneous perception of the management graduate population under study. The Cronbach’s alpha value of the items of each variable was under the acceptance level.


Table 1: Descriptive Statistics and Reliability
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Hypothesis Testing


The null hypotheses formulated as, H0-1: There is no significant difference between the perception of the management graduates on GTI, sustainability in education, AI tools use, curriculum and institutional support for sustainable business practices with respect to their demographic factors. This was tested with one-way ANOVA. The probability value of the one-way ANOVA shows that the p-value (p > 0.05) was not in the acceptance range and therefore we fail to reject the null hypothesis (H0-1). And, thereby we affirm that there was no significant difference reported among the respondents with reference to their gender, specialisation, location of their institution, training received on AI tools, etc. on their perception on GTI, sustainability in education, AI tools use, curriculum and institutional support for sustainable business practices. Urban (mean = 4.14) and rural (mean = 4.13) GTI perceptions showed no significant difference (p > 0.05), supporting data connectivity’s role in uniform awareness. 


The results show a strong positive perception of GTI among management graduates in Kerala, with a mean score of 4.14 on a five-point scale, indicating high agreement on its importance for sustainable business practices. This aligns with global trends of increased environmental awareness driven by social media and education (Chen et al., 2024; Saqib et al., 2024). Perceptions were uniform across gender, specialisation, institution location, and AI training status, as reflected in non-significant ANOVA results (p > 0.05). This homogeneity suggests that digital connectivity and widespread SDG awareness have reduced traditional divides (Joseph & Thomas, 2021).


The second null hypothesis (H0-2) was tested with the Pearson correlation using IBM SPSS v26.0. The correlation matrix is given in Table 2.


Table 2: Correlation Analysis
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**Pearson Correlation is significant at the 0.01 level (2-tailed); N = 389.


The Pearson correlation analyses of the variables done at the 0.01 level, 2-tailed for the 389 responses, show that the correlation between them was positive and significant (p < 0.05). Based on the Pearson correlation analysis, it is affirmed that there was significant correlation between the variables and thereby the second null hypothesis (H0-2) is rejected. It is affirmed that there was a significant relation between the perception of the management graduates on GTI, sustainability in education, AI tools use, curriculum and institutional support for sustainable business practices.


The correlation analysis shows that management students’ attitude towards GTI was moderately related to sustainability in education (r = 0.400) and AI in sustainability (r = 0.328), but weakly related to curriculum support and institutional support. This indicates a gap between students’ awareness and institutional implementation. The strong correlation between curriculum and institutional support (r = 0.651) highlights their interdependence and the need for better integration to convert positive perceptions into practical skills.


The sustainability practices of the institution were positively related to the curriculum structure of the institute. It is to be noted that the correlation strength of the GTI with curriculum and institution support was considerably less. So, more concern  needs to be shown for the curriculum modification to adapt AI tools for sustainability and the institutional support for the GTI should be improved in the practical aspect. 


ii)	Relation between Green Technology Integration, Sustainability in Education, AI Tools Use, Curriculum and Institutional Support

The second objective tested  the third null hypothesis.  It was done through the regression analysis and mediation test with Process Macro v4.2 by Andrew F. Hayes, PhD with moderating and mediating variable model 5. The H0-3 states that “There is no mediation effect on GTI and sustainability in education through the management graduates’ perception on AI tools use, curriculum and institutional support for sustainable business practices”. The direct path was significant (p < 0.05) and positive. The linear regression was significant (r = 0.457, R2 = 0.209, F = 25.312 (4,384), p = 0.000) and the ANOVA was also significant, p < 0.05. So, the third hypothesis, H0-3 is rejected and it is affirmed that a significant positive mediation effect existed on GTI and sustainability in education through the management graduates’ perception on AI tools use, curriculum and institutional support for sustainable business practices. The model summary of the analysis is provided in Table 3.


Table 3: Model Summary of the Sequential Mediation Analysis with Green Technology Integration as Outcome Variable*
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*Direct path: GTI to Sustainability Education


*Indirect path for the model: through the AI in sustainability, curriculum support, institute support with moderator variable as the AI tool-based training. Indirect effect coefficients with 95% CI


The mediation analysis indicates the direct path of perception on the GTI was related with sustainability in the education process and was significant (β = 0.3528,  se = 0.0550, t = 6.4160, p = 0.0000). The indirect effect was β = 0.1618, se = 0.0435, 95% CI [0.0819, 0.253]. The mediatory path through the AI in sustainability, curriculum support, institute support was significant. The management students’ exposure to the AI tool-based training had significant moderator power on the direct path of their perception on the GTI with sustainability in education process. The total effect of the model was also significant (R = 0.6206, R2 = 0.3851, F = 60.1278 (4,384), p = 0.000)


The mediation analysis confirms that AI in sustainability, curriculum support and institutional support significantly mediated the relationship between GTI and sustainability in education with a direct effect. The moderating role of AI-based training enhanced this path. It indicated that the exposure to tools like simulations or AI-based analytics amplified graduates' ability to apply green technologies. These results can be interpreted as evidence that while Kerala’s management education fosters high-level awareness (mean = 3.95; Weybrecht, 2021), the practical barriers in curriculum and infrastructure hinder deeper engagement which potentially limits the realisation of SDGs 4 and 12.


Discussion and Implications


Theoretical Implications

This study extends the intelligent iSTS framework by empirically demonstrating AI's mediating role in sustainability education within a developing context (Sovacool & Hess, 2017; Xu & Gao, 2024). By integrating students’ perceptions (graduates' attitudes) with technical elements (AI tools and green technologies) and institutional realms (curriculum and support) these findings advance sociotechnical theory beyond Western applications. It highlights how digital transformation can mediate sustainability outcomes in resource-constrained environments like Kerala. The mediation effects validated the iSTS emphasis on interactions between technology, people and institutions. It thereby contributes to the literature on Human-Centred AI (HCAI) by showing how AI training moderates awareness-to-practice transitions (Goralski & Tan, 2020; van Wynsberghe, 2021; Vettriselvan & Ramya, 2025). The non-significant demographic influences challenge assumptions in certain earlier studies (e.g., Ercantan & Eyupoglu, 2022). It also suggests that in digitally well-connected localities the sociotechnical factors dominate individual variables and, thus, refine models for global sustainability research. This highlights how digital connectivity makes awareness uniform despite resource gaps, extending iSTS theory to show AI's mediating role in human-centred sustainability transitions. This could pave the way for future theoretical developments as hybrid frameworks combine iSTS with behavioural theories like the New Ecological Paradigm (Dunlap et al., 2000) to predict long-term attitude shifts.


Practical Implications

The results offer actionable insights for academic leaders, administrators, educators and policymakers to enhance sustainability in management education. The high GTI perception of the graduates (mean = 4.14) indicates an opportunity to leverage graduates' enthusiasm through curriculum reforms by adopting AI-driven modules (using tools like ChatGPT or Grok for personalised sustainability simulations) to strengthen weaker correlations with support variables (Sajja et al., 2024; Southworth et al., 2023). Institutions can prioritise faculty development and resource allocation. The strong interdependence between curriculum and institutional support (r = 0.651) implies that holistic approaches could increase mediation effects and foster eco-innovation.


These findings advocate for regulatory frameworks promoting AI adoption in education. It suggests affordable AI training programmes or regulations to align curricula with SDGs (Leal Filho et al., 2024). It urges curriculum development with AI modules, faculty training, and industry partnerships for internships (e.g., waste-to-energy to boost eco-innovation and reduce carbon footprints). In the state of Kerala, the higher education initiatives could include partnerships with industry for internships in waste-to-energy or circular economy practices to reduce the practical gaps identified (Kalak, 2023; Karim et al., 2025). Businesses could use these insights to refine their campus recruitment strategies to preferred graduates with the AI-sustainability skills to reduce operational inefficiencies and carbon footprints (Ametepey et al., 2024; Hasan et al., 2024). Applying these implications could cultivate a sustainability-conscious workforce which can produce long-term economic and environmental benefits in India and similar contexts.


Limitations and Directions for Future Research

This cross-sectional study was limited by its duration of only three months and being limited to the responses of the students and teachers of just the management stream. Multi-region (rural-urban, India vs. West) replication could use stratified sampling to enhance global generalisability. Longitudinal or mixed-methods studies might be conducted to address these gaps of this cross-sectional study. We suggest exploring rural-urban digital disparities in future research, since the management  institutions  under study were affiliated with universities and the curricula were defined by them. So, less flexibility was available for individual institutions with respect to incorporating the Sustainability Goals. Future studies could replicate this in urban vs. rural in Third World and Western contexts to test cultural influences.
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