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Antonio Opromolla1 

AI, Big Data, and IoT for Social and Environmental Sustainability 
in a Digital Transformation Course2

1.	 Social, Environmental, and Economic Sustainability in Socio-Technical Systems

Social sciences are paying particular attention to the way social and technological levels are 
now deeply linked. The dimension that best describes these processes is the one of socio-tech-
nical systems, an expression referring to the complex interaction between social organisations 
(including social institutions, interpersonal relations, and cultural processes) and technological 
systems (including communication technologies, infrastructures, and scientific innovations), 
arguing that they can significantly influence the structure and functioning of societies (Miller, 
1978). This concept is present in the work of many sociologists, with different focuses. In 1990, 
for example, Giddens elaborated the concept of disembedding, emphasizing how technological 
systems can amplify the strength and speed of social change, with an impact both on individuals 
and on social institutions. One of the most important contributions on this topic is certainly rep-
resented by Castells. In his work (1996, 1997, 1998) he discusses the concept of network society, 
characterized by the central role of communication and information in social and economic 
organisations, going beyond geographical and temporal boundaries and enabling new forms 
of political and cultural participation. Moreover, in 2005 Latour developed the actor-network 
theory, focusing on human and non-human actors’ agency in terms of social reality construction 
and on their equal impact in defining cultural practices and social relations.
Although the concept of socio-technical systems has not been defined recently, it received new 
impetus with the evolution and ever-increasing use of digital technologies. Nowadays, Artificial 
Intelligence (AI), Internet of Things (IoT) and Big Data are among the most promising technol-
ogies in terms of social transformation. AI focuses on creating systems mimicking human abili-
ties such as decision-making, learning, and problem-solving; IoT refers to networks of intercon-
nected devices collecting and exchanging data; finally, big data involves the collection, storage, 
and analysis of vast datasets, which enhance decision-making processes and allow predictive 
insights. They differ in terms of pervasiveness (e.g.: IoT’s integration into physical spaces versus 
AI’s application in digital spaces), modifications (e.g.: quick possible modifications of people be-
haviors due to AI application versus automatic adaptations of IoT devices, also without people 
interaction), architectures (centralized data hubs for big data versus distributed sensor networks 
in IoT), and relational grammars (how these technologies interact with users and other systems), 
but can be considered as promising for socio-technical systems. Indeed, nowadays digital media 
constitute a key element of this “technical” realm and their social applications are widely evident, 
increasing the connection between economic, political, cultural and social activities (Manzini, 
2015). On this basis, many sociologists analyse the social implications of technology, on the per-
spective of people - see, for example, the work of Tufekci (2017) on how digital platforms and 
communities shape social interactions, political movements, and spread of information through 
algorithmic bias and online communities dynamics - on the perspective of companies (Zuboff, 
2019), and on the one of the society as a whole (Van Dijck, Poell, & De Wall, 2018).
According to Abbas and Michael (2023), nowadays the research topics on socio-technical sys-
tems also focus on design as a key component to align human elements (skills, culture, and in-
teraction) with technical ones (tools, processes, and technology) to maximize system efficiency 
and effectiveness, and to adapt to external changes, ensuring resilience and sustainability. One 
aspect to consider is the way design can help to integrate new technologies according to a 
socio-technical framework. For example, Sartori and Theodorou (2022) have emphasized how 
a collaboration between sociology and AI studies can address biases by enhancing transpar-
1	 Antonio Opromolla, University of L’Aquila, mail: antonio.opromolla@univaq.it; ORCID: /0000-0002-6415-3829.
2	 Received: 09/07/2024. Revised: 08/05/2025. Accepted: 09/05/2025. Published: 30/06/2025.
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ency, accountability, and understanding AI’s role in social contexts and narratives. Moreover, 
Aseeri and Kang (2023) focus on a socio-technical perspective on big data, which enhances de-
cision-making (e.g. describe, predict, and prescribe specific situations) by integrating technical 
capabilities with organizational culture and people attitudes. Finally, Donghee (2014) investi-
gates the complex interaction between social and technical aspects of the IoT, by highlighting 
the co-evolution and the human-technical interaction, describing the challenges in the design 
and development of the different parts of the IoT for a better experience for people. So, the new 
challenge for socio-technical systems consists of how these technologies impact social structures 
and processes. This process can be summarized under the expression of digital transformation, 
which refers to cultural, organizational, and social changes due to the increasingly pervasive 
presence of digital technologies in various areas of human life (Opromolla, 2021).
However, it is not only a matter of digital technologies. The interconnection of social and techni-
cal levels increases the complexity of systems, which makes the following features as necessary: 
adaptability to changes in social and technical environments; collaboration among different 
stakeholders; evolution, through continuous feedback and learning; interdisciplinarity, permit-
ting the collaboration among engineering, sociology, and psychology; and management of the 
structure, including specific practices guiding the system (IxDF, 2016b). Given the high influ-
ence of these processes on the entire society as well as on different typologies of communi-
ties, it is necessary to drive them, to achieve a positive social impact. This means simultaneously 
strengthening social, economic, and environmental sustainability. Social sustainability focuses 
on well-being, equity, and community engagement, supporting inclusion and cultural diversity. 
Environmental sustainability ensures that human activities do not have a negative impact on the 
environment. Finally, economic sustainability refers to the need of creating economic models 
which are resilient and inclusive. These three dimensions cannot be individually considered. For 
example, only by strengthening participation and inclusion it is possible to make environmen-
tal issues central to society and implement production systems respectful of the environment; 
moreover, only implementing circular economy mechanisms (for example, with waste reduc-
tion) it is possible to realize the economic sustainability; finally, only considering human needs 
and perspectives, it is possible to create a resilient economic system. In specific socio-technical 
contexts, to make an example, such as the development of smart cities, these dimensions inter-
act dynamically: environmental sustainability is promoted by IoT-based energy-efficient infra-
structures, economic sustainability is supported by cost-effective urban planning and resource 
optimization, and social sustainability is ensured by designing inclusive systems that address 
diverse community needs. In short, sustainability needs a multidisciplinary approach (de Vries 
et al., 2019), whose aim is to create a sustainable society (Crespi, & Salvi, 2021), by developing 
solutions against climate change, the scarcity of resources, etc., but which needs many activi-
ties: adopting integrated solutions, restructuring education and research, developing policies 
(macro-actions, global perspective) as well as promoting civic engagement (micro-actions, local 
perspective: Bottini, 2023).
Examples of practical applications on the use of digital technologies to address sustainability 
challenges (in socio-technical systems) can be presented in different domains: 
1.	 IoT in smart agriculture: Klerkx and Rose (2020) discuss how Dutch farms utilize IoT devices 

and AI to optimize resource use and improve the quality of products, for example, some 
automated milking and feeding robots monitoring animal health, optimizing feeding sched-
ules, and measuring soil moisture and nutrient levels for precision farming;

2.	 Smart cities: Hollands (2008) discusses the project in Barcelona, where the integration of IoT 
sensors throughout the city allows to manage energy consumption (e.g.: smart lighting sys-
tems adjust brightness based on pedestrian activity, reducing electricity use by 30%);

3.	 Wildlife Conservation: Chan et al. (2023) use small aerial robots tracking multiple radio-tagged 
wildlife species in complex terrains, addressing the challenges of traditional wildlife monitor-
ing methods, often labor-intensive and limited in scope.
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	 In the above mentioned examples, ethics issues concerning data privacy, surveillance, pos-
sible attacks, lack of data ownership, economic inequality can arise. Robust protocols, data 
collection policies, anonymised data storage processes, etc. can be adopted to mitigate risks. 
However, integrating social, economic, and environmental sustainability in socio-technical 
systems presents significant challenges. Satisfying at the same time social needs (which are 
diverse in terms of stakeholders and cultural backgrounds), economic dimension (which, re-
lating to sustainability, has a different meaning than the traditional one, now more focused 
on long-term value creation), and environmental objectives (which usually require significant 
changes to existing processes) is not easy. As an example, environmentally sustainable prac-
tices may increase costs or require changes in workforce practices, impacting economic per-
formance and social stability. Then, integrating sustainable-oriented topics in socio-technical 
systems can be difficult due both to cultural resistances from existing social networks and 
digital evolution and integration, which needs both educational activities and investigation 
regarding technological opportunities. Moreover, socio-technical systems need to adapt to 
dynamics that occur (e.g. in social behaviors or in the market); so, not only is it necessary to 
define from the beginning the impacts that the solutions need to reach, but also to identify 
tools allowing continuous monitoring. Considering all this, integrated approaches, able to 
capture different dimensions, to systemically think, to engage stakeholders, to foster a culture 
of sustainability, and to iteratively design solutions that fit with all existing needs is necessary.

2.	 Governing Complexity in Socio-Technical Systems: the Role of Design Sociology

The processes described in the previous section are very complex and new skills are required to 
manage the emerging complexity. Indeed, specific approaches able to analyse and guide this 
complexity are necessary. In social sciences, increasing importance is represented by design so-
ciology, an approach that applies tools and concepts of the design discipline as sociological re-
search methods, especially with the objective of exploring people’s engagement with systems and 
services, better engaging with stakeholders, generating useful insights for the definition of new 
solutions for society and/or communities that can change cultural forms, and working towards 
social change (Lupton, 2018). With reference to socio-technical systems, design sociology helps 
sociological research at identifying insights which can increase their effectiveness and equity.
More specifically, the design thinking, as one of the methods of the so called sociology through 
design, is an approach structured in five main phases (IDEO.org, 2015) that aims at applying de-
sign tools and methods: to analyze human feelings and behaviors (phase of empathize), to iden-
tify problems (phase of define), to generate new ideas able to establish new relational dynamics 
(phase of ideate), to create a tangible prototype of the final solution (phase of prototype), to be 
validated with the people who will use it, also with the aim to reach a long term impact (phase 
of test). Humans represent the central part of this approach, since their needs and cultural back-
grounds are a fundamental element to investigate, and the starting points from which to gen-
erate, test, and implement ideas that solve social problems and change cultural norms. Indeed, 
the design thinking methodology is part of the more general human-centered approach. Ac-
cording to the Interaction Design Foundation (2021), human-centered design provides solutions 
coherent with the needs and cultural background of people. It is based on a people-centered 
approach, allowing to focus on the right problems, to identify how different things are intercon-
nected, and to create a solution able to face the predefined issues. In this sense, the objective 
of the human-centered design is the social innovation, an expression which indicates practices 
whose aim is making citizens increasingly aware of the problems affecting the community (or 
society) and to involve them in identifying concrete solutions that respond to their needs, thus 
determining economic and social growth of the community itself (Opromolla, 2020).
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In these approaches, the combination of sociological (e.g., the ethnography aiming at analys-
ing people behaviors and activities in their daily life) and design methods (e.g., prototyping 
activities, aiming at creating early models to test concepts) offer the opportunity to identify the 
way affordances of digital and non-digital solutions at the same time are the result of specific 
activities and enable particular relations. Co-design, for example, especially if oriented to the im-
plementation of digital solutions, has the objective to create products that incorporate people’s 
needs and desires, also in terms of the relations they intend to enable. 
These activities are usually implemented during design workshops, which can be intended as in-
teractive sessions focused on brainstorming, prototyping, and solving design problems through 
creative and practical exercises, using specific artifacts during the sessions, such as: maps, boards, 
diagrams, mockups, etc. They serve several purposes, that are: visual representation, providing 
a tangible representation of abstract ideas; collaboration, by providing a common reference 
point that all participants can interact with; idea organization, organizing thoughts and ideas 
systematically; documentation, since they capture the iterative process of design; testing, since 
they enable participants to identify potential issues and improvements before finalizing design; 
engagement, encouraging active participation and creative thinking from all attendees. Among 
them: journey maps, consisting of visual representations of people experiences with a system 
(IxD, 2016a); storyboards, panels that illustrate the narrative of a product or service, showing how 
people interact with it (Soegaard, 2024); affinity diagrams, tools for organizing amount of data 
or ideas into themes or groups (Dam, & Teo, 2022).

3.	 Developing Competences in Educational Curricula towards Sustainability in 
Socio-Technical Systems 

The paper intends to highlight how the development of skills related to human-centered design 
is necessary in curricula of higher education. More in detail, in this section, the necessary compe-
tences towards sustainability in socio-technical systems are addressed, followed by the state of 
the art in the scientific literature addressed to the integration of sustainability issues in university 
curricula (with a focus on its relation with digital transformation processes). The last part of the 
section is devoted to the description of a course, delivered by the author of the paper, integrat-
ing sustainability through digital transformation processes in higher education. The focus will be 
on the way design sociology methods and tools can improve these skills, by describing the main 
characteristics of the course, as well as the main results of its application.

3.1 Education towards Sustainability in Socio-Technical Systems 

Competences towards sustainability in socio-technical systems encompass a range of capabili-
ties essential for addressing contemporary challenges, considering social, economic, and envi-
ronmental aspects. Before describing these competences, it is important to emphasize how this 
field is strictly connected to media education. According to Buckingham (2003), media educa-
tion refers to teaching individuals how to critically analyze, evaluate, create, and engage with 
media in all its forms, equipping them with skills to navigate its complex landscape, using media 
responsibly, encouraging informed participation in society fostering creativity, and an under-
standing of media’s role in shaping culture and opinions. More in detail, in the field of sustain-
ability in socio-technical systems, media education equips individuals to critically engage with 
media technologies while addressing environmental, economic, and social dimensions, fosters 
awareness of how they shape perceptions of sustainability, promotes responsible use of resourc-
es, and encourages ethical practices in media creation and consumption.
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Firstly, it is fundamental to provide students with interdisciplinary knowledge (Didham, Fujii, 
& Torkar, 2024), integrating different fields (e.g., natural sciences, informatics, social sciences, 
economics), where the prominence of one discipline over another can depend on the curricu-
lum (e.g., in an informatics curriculum, technical aspects might be more emphasized). However, 
attention should be focused on major environmental challenges (e.g., climate change, resource 
scarcity, pollution, biodiversity) as well as on how to measure environmental sustainability. Fur-
thermore, attention should be given to the key features of emerging technologies (especially 
the mode of operation and application fields of innovative technologies such as AI, IoT, and 
Big Data), including case study analyses and explorations (e.g., applied to the circular econo-
my, sustainable transportation). Identifying benefits for different societal groups is particularly 
important, as it helps address disparities and adopt a more inclusive approach to sustainable 
development.
Beyond interdisciplinary knowledge, developing competences in systems thinking is crucial. This 
involves understanding the complexity of socio-technical systems, recognising the interplay be-
tween human and technological factors, and adopting a systemic approach. This means iden-
tifying feedback loops, leverage points, and potential unintended consequences within these 
systems (Ekselsa et al., 2023). The focus on interdisciplinary knowledge also relates to the ability 
to analyze and recognise the complexity of socio-technical systems. It encompasses not only 
the interconnection and impact of human and digital levels but also the acquisition of systemic 
thinking, meaning recognizing how diverse phenomena are interconnected, influencing each 
other, and thus identifying intervention points to improve or alter the system. Achieving this 
objective requires adopting a holistic perspective, which helps identify the long-term impacts of 
actions and decisions. Mapping and modeling tools are useful for representing both basic and 
complex dynamics of the system. To develop this skill, it is fundamental to analyze the charac-
teristics of specific socio-technical systems (e.g., based on communities of members united by 
belonging to the same territory, by the same interests, by similar work, etc.).
Furthermore, integrating ethical considerations into sustainability education is fundamental. 
Students should be encouraged to critically evaluate the ethical implications of technological 
advancements and sustainability initiatives, understanding how decisions may affect various 
stakeholders and future generations (Olawumi et al., 2023). This ethical perspective should be 
woven throughout the curriculum, encouraging students to consider not just what is technically 
feasible, but what is ethically responsible. Redesigning solutions based on specific socio-techni-
cal systems according to what is ethically responsible (affecting the environmental, economic, 
and human dimensions) is a good exercise for students. The ethical implications of AI and Big 
Data in socio-technical systems require attention, since they raise issues related to privacy, algo-
rithmic biases, and the risk of deepening inequalities. Addressing these challenges is critical to 
designing solutions that prioritise transparency, accountability, and fairness.
In analysing socio-technical systems, it is important to adopt not only a micro-sociological per-
spective (focusing on the individual) but also a macro-sociological one, which includes ana-
lysing governance structures, policies, regulations, and all stakeholders influencing socio-tech-
nical systems (Köhler et al., 2019). This aspect underscores the importance of interdisciplinary 
collaboration among stakeholders from various sectors (such as businesses, governments, and 
NGOs), considering them not only as subjects of analysis but also as active participants in de-
signing solutions for socio-technical systems. Developing a global perspective is also important 
in sustainability education. This involves understanding and addressing sustainability issues on a 
global scale, recognizing the interconnectedness of local actions and global impacts (Žalėnienė, 
& Pereira, 2021). Students should be encouraged to consider how sustainability practices can 
vary in different cultural, economic, and environmental contexts, promoting solutions that are 
globally informed yet locally relevant.
Hence, collaboration and stakeholder engagement are fundamental skills to teach, fostering 
shared understanding and commitment to sustainability goals. Participatory approaches, in-
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volving stakeholders in decision-making processes, such as participatory planning and co-de-
sign, are important (Wibeck, Eliasson, & Neset, 2022). Communication skills are, consequently, 
vital to facilitate fruitful collaboration among different stakeholders, both during participatory 
processes and to ensure positive relationships in socio-technical systems.
Participatory processes, as well as the recognition of the complexity of socio-technical systems 
are also connected to another crucial skill: change management. This involves identifying short-
comings in a given system and taking initiatives to change processes, services, etc., while pin-
pointing the necessary organisational and social changes to achieve predefined outcomes and 
long-term impacts. Skills in planning, executing, and evaluating sustainability projects are essen-
tial for achieving tangible outcomes and fostering long-term change.
Additionally, fostering innovation and entrepreneurial thinking is vital. Students should be en-
couraged to explore innovative solutions and entrepreneurial opportunities within the realm of 
sustainability. This can be facilitated through incubator programs, innovation labs, and collab-
orations with industry partners, enabling students to translate their ideas into viable, impactful 
ventures (Suguna et al., 2024).
An analytical approach, focused on thorough context analysis and based on collecting and inter-
preting data and evidence, should also be taught. This approach provides insights essential for 
the system change management process, allowing the identification of problems by recognising 
the interconnection of root causes determining a specific situation. This should be applied both 
at the initial phase (to map the as-is situation) and after implementing major changes (to evalu-
ate impacts and monitor progress). Among the most important tools for analyzing sustainability 
challenges are SWOT analysis, root cause analysis, and scenario planning. Finally, students need 
to be encouraged to think creatively to develop innovative solutions to sustainability problems. 
Engaging them in real-world interdisciplinary projects, case studies, and problem-based learn-
ing to solve real-world sustainability issues is crucial. This can be further enhanced through ex-
posure to hands-on experiences, such as fieldwork, internships, and collaborative projects with 
external organizations, providing practical insights and real-world applications of their learning 
(Kricsfalusy, George, & Reed, 2016). 
These competences prepare students to navigate and address many challenges, e.g.: creating 
a sustainable future, making them valuable contributors across various sectors. They prepare 
higher education students to become informed, proactive agents of change capable of contrib-
uting meaningfully to sustainability transitions in diverse professional fields, ensuring a sustain-
able future for society.

3.2 Academic Perspective towards Education on Sustainability in Socio-Technical Systems 

Sustainability-related issues are becoming increasingly important from primary school, up to 
university. In this section the author focuses on the recent academic contributions addressed to 
the ways sustainability issues, especially associated and driven by Digital Transformation pro-
cesses, are transmitted in university courses. This topic is more and more present in the academic 
literature (Abad-Segura et al., 2020). University students are a target increasingly affected by 
these issues, and this implies the need for providing supporting materials, methods, and best 
practices to teaching staff (Leal Filho, 2018).
Designing a curriculum on sustainability in higher education represents an important topic in 
the academic discussion. Poon (2017), for example, has investigated the integration level of sus-
tainability issues in the curriculum of the Deakin University in Australia, demonstrating how it 
was still low, but oriented to a problem-based approach, reinforced with concrete projects. Ac-
cording to Ruesch Schweizer, Di Giulio, and Burkhardt-Holm (2019) the scientific support in the 
activity of sustainability design curriculum is important. It consists in engaging stakeholders to 
ensure willingness to change, addressing institutional constraints, promoting professional devel-
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opment, leveraging existing experiences, incorporating diverse sustainable insights, and facili-
tating interdisciplinary consensus. Some contributions focus on the importance of considering 
sustainability issues as a topic not to teach itself but connected to traditional ones. Cardiff, Pol-
czynska, and Brown (2024), for example, focus on the way sustainable issues can be integrated in 
foreign language education. However, most of academic contributions focus on the integration 
of sustainability across different disciplines, even if this is not always easy (Argento et al., 2020).
In terms of curriculum contents, Vitting-Seerup, and Achiam (2023) have developed a science 
communication course aimed at incorporating sustainability principles. The course evolved 
from educating about sustainability (focusing on awareness), to educating for sustainability 
(encouraging interdisciplinary problem-solving), and finally to education as sustainability (pro-
moting epistemic change and mutual understanding). In their study, incorporating arts-based 
approaches and interdisciplinary exchanges proved effective and promotes inclusive commu-
nication models. In general terms, according to Fuertes-Camacho, M.T. et al. (2019) elaborating 
competencies for sustainable development enables an integrated approach allowing to pro-
mote the project method in multidisciplinary teams. Indeed, for some authors, sustainability is 
embedded into generic academic competences (Pietikäinen et al., 2024), whereas other studies 
focus the attention on specific disciplines. For example, some authors have emphasised that sus-
tainability is a topic more and more present in the “technological” university curricula, e.g. dig-
ital media design (Kao, Chen, & Lo, 2024) and engineering (Nakad, Gardelle, & Abboud, 2024), 
oriented not only to the design and implementation of sustainable products and artifacts, but 
also as a way of thinking interdisciplinary and of developing transformative competencies. The 
latter is also addressed by Disterheft (2024), who argues that sustainability in higher education 
contributes not only to develop care-based approaches, but also to leverage system-thinking 
perspectives and transformative learning approaches. Shephard (2020, p. 2) argues that sustain-
ability also contributes to the development of critical thinking.
More generally, according to Shenkoya & Kim (2023), digital transformation processes and sus-
tainability in education are more and more connected. Indeed, the increasing application of 
technologies in education processes, and the digital transformation as curriculum topic is also 
leading to study programs sustaining the fundamental sustainability principles in all life areas. 
This is also addressed by Veckalne & Tambovceva (2022), who state that digital transformation 
in education is crucial to promote sustainable development, since it enhances access to educa-
tional materials, and because blended learning models reduce the environmental footprint, but 
also because digital tools facilitate the integration of education for sustainability into curricula, 
fostering critical thinking and problem-solving skills. This opinion is also supported by other 
studies (e.g. Leal Filho et al., 2023). 
In this regard, the application of social innovation initiatives is important too (Melles, 2022). The 
work of Unceta, Guerra & Barandiaran (2021), for instance, emphasizes how higher education in-
stitutions support strategies strengthening participation and cooperation with local communi-
ties, where sustainability practices play a central role. This is exactly the topic of the work Dryjans-
ka, Kostalova, & Vidović (2022), who discuss some higher education practices of two Countries 
and sectors (Czech Republic and Croatia), engaging students in practical activities consisting of 
participation in community projects, increasing civic engagement and responsibility.
In the academic literature, the research on how to build sustainability competencies through 
digital transformation (both to students and teachers) is also associated with the research on 
how to create smart and sustainable campuses through the application of digital technologies 
(Trevisan et al., 2024; Rotondo, & Giovanelli, 2024). This point is very important in a specific part 
of the academic literature, which intends the role of the higher education institutes as crucial 
to implementing sustainability on a systemic level (Deneckere et al., 2024), both improving the 
university organization performance and by evidencing the central role of university in the so-
ciety (Pischedda et al., 2024; Shephard, 2020, pp. 1-3). For this purpose, the study of Abo-Khalil 
(2024) focuses on how sustainability is present in higher education, starting with an exploration 



72

of various campus sustainability assessment tools. It states that a successful integration and col-
laboration between educational stakeholders, industry partners, public sector, and civil society 
are crucial for fostering collective action and effective solutions to sustainability challenges.
Evaluation of the curriculum is also discussed in the academic literature. The study of Delaney 
and Liu (2023) is addressed to a design course and emphasizes how, even if sustainability issues 
are important in that discipline, in the United Kingdom 80% of the courses were considered 
as “weak” or “very weak”. For this reason, the operationalisation of learning outcomes relat-
ed to sustainability into higher education assessment tools is necessary (Stough et al., 2024; 
Ceulemans, & Boitier, 2024), especially by defining common objectives among different univer-
sities (Agrawal, & Parvez, 2024).
In summary, integrating sustainability into university curricula amid digital transformation in-
volves a multidisciplinary approach, engaging stakeholders, and leveraging digital tools to pro-
mote sustainable development, at the same time fostering critical thinking, and addressing so-
cietal challenges.

3.3 A Course in Higher Education on Digital Transformation for Sustainability

In this section an existing course for higher education students linking sustainability issues with 
socio-technical systems is described. Its aim is to explore how digital technologies (especially AI, 
Big Data, and IoT) can have a positive impact on social, environmental, and economic sustain-
ability issues. 
More in detail, this course consists of two phases: a delivery teaching phase and an interactive 
teaching phase. During the first phase three main topics are included:

1.	 social assumptions and implications of digital transformation, focusing on the way socio-te-
chnical systems impact in various societal domains (e.g.: healthcare, learning, work, mobility, 
information, public sector, etc.); 

2.	 technological opportunities for digital transformation, emphasizing the basic characteristi-
cs, operating modes, and areas of application of IoT, AI, and Big Data, as well as focusing on 
the role of human-centered design in digital transformation; 

3.	 economic framework of digital transformation, discussing the trends of open innovation, 
start up, public-private collaboration, etc.  

During the second phase, students are asked to choose one of the targets established by the 
Sustainable Development Goals, set by the United Nations, and to identify how AI, Big Data, and 
IoT can be at the basis of an interactive solution driving towards the achievement of the chosen 
goal. To do that, students are asked to follow a framework consisting of five steps, using tools 
proper of the design sociology approach:

1.	 students build a deep understanding of the people affected by the chosen goal, ensuring 
that the solution is designed with real users in mind, prioritizing their experiences and ad-
dressing their pain points. To do that they drafted the user persona(s), fictional characters 
created from people research (collected through qualitative research conducted through 
focus groups and interviews) to represent people behaviors, needs, goals, and pain points, 
guiding design (Figure 1); 

2.	 students analyse the broader ecosystem, identifying all relevant actors, their relationships, 
and roles within the chosen field, providing insights into the dynamics, potential opportu-
nities, and barriers that may influence the proposed solution. To do that they drafted the 
stakeholder map, a visual representation of people and actors involved in a specific field in a 
given context (Figure 2); 
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3.	 students design an interactive concept solution that uses AI, Big Data, and/or IoT, that is to 
say identifying the characteristics of an interactive solution following people-centered and 
responsive environments; 

4.	 students refine the concept, mapping out how users might interact with the solution over 
time, identifying key touchpoints and optimizing the user experience for engagement, effi-
ciency, and impact. They drafted the user journey map, a tool visually depicting the people’s 
interactions with the interactive solution (Figure 3); 

5.	 defining the long-term impacts of the identified solution, as well as the outcomes, focusing 
on evaluating the solution’s ability to deliver meaningful and measurable results.

The course has been delivered to 10 higher education students of an Interaction Design curric-
ulum (the precise name of the module is digital transformation). Students come from different 
socio-cultural contexts (Italian, French, and Chinese) and have different backgrounds (commu-
nication, fashion design, urban landscape design, and marketing).

As a result, many different concepts have been defined:

-	 an interactive app enabling users to capture photos and geolocate marine litter. This data 
helps predict litter drift, optimizing marine clean-up operations. It also supports scientific 
research and clean-up strategies through crowd-sourced data, fostering a collaborative ap-
proach to environmental conservation;

-	 an app that promotes sustainability by integrating UI customization, real-time ecological 
driving tips, and energy consumption monitoring. It optimizes routes using real-time data, 
provides environmental impact reports, and enhances people awareness and eco-friendly 
driving habits;

-	 a platform that enables young people (along with their families, healthcare professionals, 
and communities) to access a comprehensive, AI-powered platform for the prevention, tre-
atment, and support in their journey to achieve and maintain recovery from substance use 
disorders, fostering improved physical and mental health, restored relationships, academic 
and career success, and overall well-being;

-	 a holistic platform offering real-time tracking of hormonal changes, sustainable mental he-
alth resources, and eco-friendly lifestyle tips. It integrates social support, professional con-
sultations, and environmental mindfulness to alleviate postpartum emotional issues, pro-
moting well-being and sustainable living;

-	 an AI-based platform predicting disasters, managing resources, and aiding navigation, 
analyzing environmental data, at the same time raising awareness through educational to-
ols. This integration aids authorities in real-time responses and sustainable practices;

-	 an ecosystem and biodiversity conservation platform allowing environmentalists to collecti-
vely record relevant information and data regarding mountain ecosystems and its biodiver-
sity;

-	 an urban information real-time monitoring platform allowing city emergency management 
agencies, city planners, and architects to get real time environmental information during a 
rescue and simulate the impact of natural disasters on cities to enhance resilience of cities to 
natural disasters.
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Figure 1 - Student’s work. User persona.

Figure 2 - Student’s work. Stakeholder map.
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Figure 3 - Student’s work. User journey map.

Students’ learning outcomes have been assessed through: 1. a final test with multiple choice 
and open questions on sustainability, socio-technical systems, and digital technologies; 2. pre- 
and post-course surveys, including quantitative measures (Likert-scale responses) to evaluate 
changes in their perception of preparedness in these topics; 3. engagement and self-reflection 
on their elaborated projects during public speeches. In addition, also the quality of the proj-
ects has been evaluated considering the following criteria: feasibility both related to technical 
aspects and to people engagement, innovation potential in terms of creativity in addressing 
sustainability challenges and efficacy of the solution, alignment to SDGs and related targets. The 
observed outcomes are satisfying in terms of students’ knowledge growth (e.g.: an average of 
60% of improvement in post-course compared to pre has been observed), projects success rate 
(80% of the projects have been evaluated as highly feasible), and implementation potential (30% 
of the projects are evaluated as possibly developable).

Conclusions: Potential and Limits of the Study

This paper underlines the necessity of a holistic approach to integrate digital technologies for so-
cial, environmental, and economic sustainability objectives. The interconnection between social 
organizations and technological advancements requires new methodologies and competences 
to address contemporary sustainability challenges effectively. The contribution highlights the 
critical role of design sociology in doing that, as well as the need to enhance sociological design 
skills of course during specific courses. Indeed, by equipping students with the necessary com-
petences and applying innovative design methodologies, it is possible to drive them to think 
about solutions able to achieve a sustainable and equitable society. In doing that, design sociol-
ogy can be intended as a method aiming at social transformation and innovation.
The case study described in section 3.3 recorded positive results. As demonstrated, all the solu-
tions devised by the students are not only in line with the requirements of the assignment, but 
also feasible. The projects represent only possible examples, showcasing a variety of application 
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areas, levels of impact across different dimensions of sustainability, roles of various technolo-
gies, and, consequently, possible innovation within socio-technical systems. At present, they are 
merely conceptual frameworks that have been developed but have not been pursued further. 
This emphasizes their potential rather than their realisation, serving as starting points for explo-
ration and discussion rather than finalized or implemented solutions.
The proposal here is not to use the described method as it is, but to consider it as one of the pos-
sible applications of the methodological approach of design sociology. This method, in fact, is 
flexible enough to be applied and personalized based on various variables. First of all, the level of 
knowledge of technologies. Design sociology does not require the participation of technical ex-
perts, but rather of people who, starting from a basic understanding of the main functionalities 
and application areas of the technology, are capable of envisioning the most suitable scenarios, 
giving to the different dimensions the same importance. Indeed, design sociology actively in-
volves people, asking them “human” skills rather than technical ones. Then, the type of disci-
pline subject of study. The design sociology approach can be applied not only to social science 
curricula, but also to more technical ones: it needs to be intended as a thinking process, aiming 
to address complex global and local challenges placing people and communities’ problems at 
the centre. Moreover, the level of integration in university curriculum. The described approach 
is suitable both as an integration in university curricula and as a student engagement method 
in activities separated from the ones proper of their curricula: it is useful to have a deep under-
standing of society, considering the perspectives of different stakeholders. Finally, the concrete 
application of the designed solutions: it can be used both as an exercise and as a method leading 
to solutions that are progressively refined to be effectively implemented.
The author recognises some limits of the study. The first one is represented by the small student 
sample; during the second administration of the course, it is planned to involve a larger number 
of students. The second is represented by the scalability of the course: an additional reflection 
is required regarding the consideration of additional elements useful to adapt the course and 
the concept ideas to different socio-cultural contexts, as well as the implementation of practical 
collaborations with key stakeholders (to design solutions for real needs), and possible additional 
contents making the course even more relevant. Thirdly, the limitation of the study also may 
concern the method of the design sociology; indeed, even if design sociology can be considered 
an “umbrella” approach, encompassing multiple approaches, additional tools as well as similar 
methodologies (such as systems thinking, actor-network theory, user-centred design, ethno-
graphic design, etc.) need to be explored. Finally, the importance of ethical impacts of the creat-
ed projects can be better evaluated, especially in the phase of impacts definition. 
Moreover, future research will focus on evaluating the long-term impacts of integrating design 
sociology into university curricula in terms of the ability of students to address sustainability 
challenges. This will be implemented by measuring the way the course impacts on the future 
students’ careers (in terms of work fields and methodological approaches). Another important 
element to investigate relates to the exploration of interplay between local socio-cultural con-
texts and global sustainability objectives, as this could reveal valuable insights into the adapt-
ability and efficacy of such methodologies.
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