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Abstract

:

Digital technologies, the use of which has progressively increased over the last few years, could represent key tools in learning and active citizenship in development processes. In this sense, Geographical Information Systems (GIS) have gradually become an integral part of various disciplines and sectors. Even if the relevance and diffusion of GIS in the educational and pedagogical fields are increasing, their potential is still under-explored in the development of empowerment for participatory planning. Regarding the combination of geographical education and information technologies applied to the territories, the contribution they offer to the Sustainable Development Goals (SDG) is a question which remains little-investigated, and which represents both an innovative field of experimentation and significant opportunities, especially for marginal, inner areas. However, recent reforms, in particular in Italy, are considerably reducing the role of geography in the curricula, which is paradoxical for such complex contexts and the understanding of major global issues. The risk is that of producing a gap between the functional use of the tools and the capacity for their critical application. This paper aims to reflect on the integration of Geography and GIS through teaching experimentation, as applied to a real case study in the Apulia region (Monti Dauni Area) under the national strategy for inner areas, in order to understand how to use GIS as an active tool in education for sustainability, the awareness of the value of local resources, and active citizenship.
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1. Introduction


In recent years, the use of Geographical Information Systems (GIS) has spread significantly, developing from a tool in the hands of a select few to gradually become an integral part of various disciplines and sectors. When seeking the areas of application of GIS, a keyword search on the Google Scholar portal produces over 2,000,000 results for “GIS application”. There are applications in different disciplines and fields: from applied sciences in space and geography through to economics (with a strong focus on agriculture and services such as tourism and transport), the environment (with particular attention to prevention models and environmental disasters), engineering, urban systems and education.



In this context, education is a sector that is still under-explored, while there is growing attention from the social sciences. In various cases, it is clear that the cognitive goals are very ambitious, not being confined to merely descriptive aspects but often making use of sophisticated forecasting and predictive analysis tools and, more recently, adopting a purposeful approach aimed at the development of empowerment through participatory mapping in development planning; see [1,2,3,4,5].



A Geographic Information Systems (GIS) is known to be a complex, organized set of data, software, hardware and networks in the broad sense of the term, the aim of which is to collect, analyse, remodel, manage, update, store, represent and transfer different types of spatial information. Its special advantage is that it gives a territorial dimension to information that does not possess this characteristic, and it makes it easier to question existing knowledge and produce new knowledge independently.



The evolution of GIS and its related applications has not been quick or simple, and it is still not free from debate, as Goodchild [6] points out. In fact, research in the 1980s was still firmly anchored to solving purely technical problems and issues, starting from the assumption that, in the scientific tradition, GIS should be merely limited to questions of measurement. It was only in the late 1990s that a radical change occurred, as researchers began to realize that the problem was not one of simple measurement. This shift marked a deeper transition, from a perspective centred on the processing of map contents, to the much broader and more complex one of an approach to the entire process of representing and characterizing the “geographical world”. Another major challenge was to find ways of representing the infinite complexity of the real geographic world in a limited space, and of translating it from an IT point of view. The last few decades have been important, and have focused attention on the “nature of the geographic world, and the ways in which it influences effective GIS design” [6] p. 12, thus producing significant changes at the level of application technology. This has, in fact, involved the development of methods increasingly based on local or place-based territorial analysis, providing an important contribution of the knowledge and technical means to investigate the specific characteristics of places, thus bringing the issue of territorial heterogeneity to the fore.



Since the 1990s, GIS has increasingly gained a reputation as a software for use in the public and private domains with significant potentialities (in terms of spatial analyses, the information obtained thanks also to incorporated applications like plugins, as created both by the developers and by other independent users), enabling the software’s basic functions to be greatly expanded (see for example Quantum GIS software and its international community). Moreover, trying at the same time to draw an ideal line showing the advances in mapping, planning and territorial development tools, it can be said that there has been a paradigm shift in terms of democratization in the use, reuse and production of data and information, and therefore an increasingly clear orientation towards active participation in the construction of new knowledge. This change was also stimulated by the most recent development policies. Emblematic in Italy is the example of ISTAT, which has developed specific themed indicators for policies and programming cycles. In 2021 the databank contained 327 indicators (258 + 56 gender-based) which were available at different levels and for historical series starting from 1995 up to the last available year. The goals include the possibility of having updated territorial data and indicators to observe the results achieved by the various policies in the territories, and possibly intervening through the rescheduling of resources [7]. On this point, we must think not only in terms of the dissemination of data and information (made public and therefore no longer confined to select users) but also in terms of the collection of such data, which is increasingly oriented towards bottom-up and participatory processes (as has been happening for some years with the Italian Institute of Statistics, especially for the indicators of Fair and Sustainable Wellbeing, which places Italy at the forefront of the international scene regarding indicators of the state of the health of a country that go beyond GDP) [8].



As such, while it is true that Geographic Information Systems (GIS) are recognized as being among the 25 most important developments that influenced human life in the 20th century, it is also true that this tool has so profoundly revolutionized the methods of spatial analysis that Geography has become an important discipline in other areas characterized by a strong spatial component, such as Political Science, Planning, Geology and Sociology, etc. [9]. These developments, especially the more recent ones, call into question the issue of geographic education.



In particular, in the 1980s and 1990s, reforms in geography education had already been introduced, first at the university level in the United States and Canada, which made the subject an integral part of the Geography departments in most universities in the USA and Canada, with specifically work-oriented courses. This is, however, still on a small scale and is largely confined to specific fields, especially in various European areas [9]. National policies, the allocation of funds and resources by universities, and a prevailing productivistic and predominantly technical approach are considerably reducing the weight of geography in the curricula, increasingly downsizing it to an “invisible” subject. In fact, although its relevance is acknowledged in the understanding of major global issues such as climate change, environmental degradation, natural hazards, inequality and geopolitical conflicts, etc., and though there has been a recent “spatial” shift in various disciplines, this does not automatically lead to a greater recognition of its importance [10]. On the one hand, therefore, we are witnessing the key role of geography in international agendas; on the other hand, we are also witnessing its dramatically reduced importance in the education of students who will be future citizens. The current approach, which places little emphasis on territorial dynamics, leads to the exacerbation of the purely economic and financial aspects, and the underestimation of the local realities with identity problems.



The growing interest in Geography is clearly shown by the international and European observatories who deal with the implementation, evaluation and orientation of development policies in order to bring out evidence, criticalities, diversities and territorial impacts. We can consider the applied research, the tools developed and made available at different scales, and the rapid spread of open tools with extraordinary interactive and dynamic web-mapping potential—see for example the European ESPON Observatory (European Spatial Planning Observatory Network), EUROSTAT for Europe and ISTAT at the national level, which have strongly implemented the traditional basic functions of simple data mining with geo-visualization tools which are often interactive, customizable and dynamic.



In the field of geo-technology and GIS, the professional prospects are therefore quite interesting, but this does not translate into a growing importance and popularity of Geography; on the contrary, it could cause a further fragmentation of the discipline and a standardization if training and education focus exclusively on technical and job-related aspects. All of this requires a profound reflection on Geography, its increasingly pervasive relationship with GIS and new technologies, and its teaching methods, contents and objectives. It becomes essential to focus on education and initial training in order to avoid a dangerous gap between the development of these technologies, with the rush to digitization (see above all the European objectives in the current programming cycle), and on the other hand, the undermining of geographical education, as exacerbated by the most recent reforms which have also seen a considerable reduction of the teaching of Geography at all levels of the Italian school system.



A major aspect that has greatly increased the relevance and diffusion of GIS is its educational and pedagogical potential, among others [5,9,11,12]. As Azzari et al. [12] underlined, if it can be called a revolution, it has been pervasive and important. In fact, there has been a shift from the simple possession of geographic information and concepts (often theoretical) to the possibility of making such information useful. In other words, it means becoming capable of organizing data and information in order to produce geographic knowledge, and to act geographically and globally thanks to the great potential of GIS, which allows us to understand social, economic and cultural phenomena in complex situations [12]. There are various reasons for including GIS in Geography teaching: from the ability to view, manage and analyse geographic data and organize them on a map, through to the ability to teach geographical thought and research [12]. This tool therefore enables us to teach how to understand space and place, to elaborate conceptual models of reality, and to study a context by selecting useful data, interpreting and representing them effectively [12], so that it can certainly be oriented towards Education for Sustainable Development under Agenda 2030.



It is important to keep in mind that a fundamental role is certainly played by the final user. As we know, this is by no means neutral and inevitably reflects the point of view of the observer, who becomes an active protagonist in the choice of the phenomenon to be investigated, in the selection of the data and in their processing, inevitably bringing out the approach (geographical) consciously or unconsciously adopted in the description of the contexts under study. The approach adopted, as discussed in a recent work [13], reveals governance styles, especially on a local scale, and inevitably influences the strategies, proposals and interventions in the area. It is therefore an important step that requires deep reflection on the conscious, critical use of these tools. The combination of geographical education and information technologies applied to the territories, and the contribution they offer to the Sustainable Development Goals (SDG) are questions which remain little-investigated, and which represent both an innovative field of experimentation and significant opportunities—especially for marginal, inner areas, among others—in particular [14]. Starting from these considerations, the present study, through literature and key programming documents, aims to reflect on the methods of integration between Geography and GIS, and, by means of a teaching experiment, to understand how to consciously use GIS in the best possible way as an active tool in education for sustainability, awareness of the value of local resources, and active citizenship. This experimentation, developed during research and teaching activity in recent years, adds a further element of innovation, and in fact was conducted in the context of a specific, real subject, with the presentation of a case study on an area of national strategic importance (Monti Dauni in the Apulia region) in the domain of development policies in the current programming cycle.




2. How Are GIS, Participation and Citizenship Related? The State of the Research Field


Recent trends in the teaching and use of GIS have encouraged innovative and flexible forms, and have urged greater attention to socio-cultural contexts for learning and knowledge building. In fact, as Tate and Jarvis [15] underline, in the literature about learning, more and more often one finds terms such as “participation”, “construction” and “in progress” rather than “acquisition”, as the latter refers more to a traditional conception of learning, seen as “the rational process of the individual student acquiring context-free propositional knowledge”. This involves a traditional, formal, codified type of knowledge requiring the teacher to continuously transfer knowledge and skills to the students. By contrast, more recent approaches see learning as a work in progress through the participation and construction of knowledge in situated social settings. Such a process takes place not only in formal education but above all in different areas, taking on a significant informal dimension. The use of specific technologies, in appropriate and collaborative contexts, should therefore allow us to move from merely transmitting information to constructing active knowledge [15]. In this regard, as stated by Krasny and Tiball’s civic ecology model [16], various lines of research provide indirect evidence of how specific drivers of local practice can become real drivers of social action, providing the potential for active involvement and responsibility in local political processes, promoting the commitment of residents to achieve new forms of territorial organization and objectives that are closer to community needs. In the proposed model, which has interesting practical implications, environmental education draws on the work of ecosystems and social scientists to develop frameworks in which environmental education becomes part and parcel of ongoing social and ecological processes, creating virtuous cycles and feedback between the social and biophysical aspects of the environment, ecosystem services and human health as one of the many drivers of socio-ecological processes. In this case, environmental education acts as a basic tool to improve environmental quality, which is a process requiring non-linear solutions that take into account the complexity of socio-ecological systems, as well as the importance of understanding the interactions of educational programmes, with other system components and processes. This perspective in educational programmes offers the opportunity to develop a sense of competence and empowerment by influencing environmental behaviour in engagement in a range of social actions, and in addressing larger problems (e.g., climate change or other complex current issues). In fact, the complexity of the current phenomena requires a significant rethinking in terms of policies, knowledge and practices. In a rapidly evolving context like the present one, technologies and education for sustainable development are becoming more essential, and this is evident in various international and European agendas; see [14,17,18,19,20,21,22,23]. This is increasingly indispensable in disadvantaged areas, in which the “youth are considered both as beneficiaries and drivers of sustainable development” [19] p. 12. In particular, Development Goal 4 “Ensure inclusive and equitable quality education and promote lifelong learning opportunities for all” establishes that, by 2030, all students will acquire the knowledge and skills necessary to promote sustainable development, through a culture oriented in this direction and towards global citizenship. This requires high quality teaching at all levels of training, enabling the acquisition of relevant knowledge and skills, including high quality technological, technical and professional skills, objectives that should be included in all national education policies [23]. Specifically, the Incheon Declaration [14], which strengthens the action and implementation of Goal 4, starts from reflections on the EFA goals since 2000 and the Millennium Development Goals (MDGs), and in particular considers the lessons learned, thus outlining the Framework for Action and the future priorities and strategies for its achievement. This declaration recognizes a key role for education as the main driver of territorial development. The agenda is innovative because it places a renewed vision of education at the center of attention, acts in a holistic, transformative and universal way, intervenes critically on unfinished work in the field of education, and is inspired by a humanistic vision of education and development based on human rights and dignity, social justice and inclusion, etc. It represents a strategic key to achieving full employment and the elimination of poverty and marginalization, especially in the territories most exposed to these risks.



In fact, the extraordinary dissemination of data and information by different observers, including data related to territorial areas, and their ever-growing accessibility, requires specific skills and competences for the promotion of new knowledge that can lead to innovative ideas or solutions. At the same time, there is less focus on the use of these resources, especially in terms of training. The value of open, updated and free data from the services of Spatial Data Infrastructures (SDI) and the contribution they offer to the understanding of the territory and the social responsibility related to sustainability, and therefore to the Sustainable Development Goals (SDG), is a new issue in terms of academic debate; in this sense, an interesting application can be found in a recent study [11].



The combination of geographical knowledge and information technologies applied to the territories can offer opportunities thanks to the fact that the knowledge comes from different sources, enabling transversal environments suited to collaboration to be created, analyses to be performed, and strategic choices to be made both in the private and public spheres at different levels of regional action. However, while the advances that have profoundly marked the last few decades in the field of GIS-Science, policies and planning have produced important debates in the theoretical and scientific fields, their results in terms of training applications, especially at a local level, have been less inspiring.



Thanks to the advances mentioned above, GIS has enormous potential which, however, requires expert knowledge from a cartographic and geographical point of view. It is an interesting tool oriented towards the production of personalized knowledge because it allows the user to produce maps with extreme freedom, starting from the selection of the data and variables; their combination, processing, reprocessing, visualization; and finally their cartographic production.



When reflecting on GIS as a tool or as a science, according to Goodchild [6], the most complete approach to defining GIScience consists of “The development and use of theories, methods, technology and data to understand processes, relationships, and models”. In addition, on the basis of a report to the National Science Foundation (following a 1999 seminar) he argued that GIScience can be understood as “The basic research field that seeks to redefine geographic concepts and their use in the context of geographic information systems”, thus making the close link with geography clear. However, according to the author [6], the real innovation lies in rethinking the increasingly predominant role of citizens. In fact, the progressive elimination of traditional barriers between expert and layman’s knowledge has led to a widespread awareness of the power of GIS and above all of the significant contribution citizens can make to providing geographic data, a phenomenon known as Voluntary Geographic Information (VGI), crowdsourcing, participatory and community mapping. The citizen is therefore not just a passive user of data and information but becomes an actor in the production and subsequent accountability for what is produced. This is certainly a paradigm shift. The author argues that this strategic information is extremely useful not only in times of crisis and emergencies but also, above all, in coherence with our approach, to foster active citizenship and thus guide policy choices in a participatory and visionary way as part of the latest generation of spatial planning on this distinction; see [13].



Thinking of the applications of GIS in the field of planning inevitably makes us aware of an important change in dealing with a territorial context, which cannot be limited to describing and representing individual features (morphology, hydrology, economy) as if in an inventory; instead, we must try to detect local resources, explaining their connections, organization and evolution over time. Above all, emphasis must be placed on contextual recognition by the local community and by policy makers in order to design targeted, multidimensional measures that can define the shared vision of future development. These are strong connections that can play a central role in territorial regeneration and the development, above all, of marginal areas.



The values and meanings locally attributed to resources are in turn linked to particular practices, cultures and local social features [24]. The study of a territorial context, therefore, cannot be limited to describing single aspects or components, but must necessarily consider them in their complexity, integration and interaction. On the other hand, the choice made by the observer can tell us a lot about the values and meanings attributed to resources. In fact, people can be regarded as creators of places when they attribute meaning and values to space according to their personal experience and culture. These values become central to both individual and collective decision-making, and may give rise to disputes, conflicts and changes because they are not universal within a given population or region [13]. Moreover, attributing values expresses a certain importance of the object as opposed to one or more other objects [5].



As Dematteis and Giorda [25] argue:



Territorial Education sets out to combine the goals of the various forms of education (citizenship, inter-culture, sustainable development...) in a territorial dimension, rethinking and redefining them on the basis of the diversities of the places and the complexity of the geographical spaces.



This necessarily involves the need to consider all of the aspects in which the “educational perspective” has to facilitate the recognition of the diversity of territories (social, cultural, environmental, political and economic). The territory becomes a “unifying concept” because it allows us to



…relate education and society, united before the challenges of sustainable development, inclusive and participatory development, practices of citizenship, coexistence and co-evolution, with a view to planning for the future. In this way, territorial values are a fundamental concept because they make it possible to recognize the local heritage and the potential resources of places to evaluate them and to refer to them in the social construction of sustainable development [25] p. 18.



This approach therefore considers the territory as a “social project”, in which there is an attempt at re-appropriation by the community. As a result, it is essential to provide an education that starts from geographical knowledge in order to achieve the goals of active citizenship and shared development. A form of education that develops an awareness of place therefore predisposes the citizen for change. If it is based on the place, but lacks geographical knowledge, it is incomplete in an approach designed to promote social justice and sustainability. In the vision of geographic education proposed by Dematteis and Giorda [25], places play a fundamental role as educational environments, but this is achieved through an awareness that comes from the language of geography, of its ability to analyse, study and understand the complex relationships between human and natural systems, and to control territorial transformation. The territory is therefore a complex and necessary social construction.



On this point, in the United Nations Agenda 2030 “Transforming our World: the 2030 Agenda for sustainable development” [22], education assumes a strategic role for the development of fragile, vulnerable territories. There are important conditions: it must be inclusive, fair, and of good quality at all levels and for all individuals without discrimination. Especially in the most exposed and vulnerable areas, it states the need to guarantee everyone the same opportunities, such as to acquire the knowledge and skills needed to take advantage of opportunities and to participate fully and actively in society. It also places great emphasis on competences and skills; in fact, various agendas and studies [14,17,18,19,20,21,22,23,26,27] have dealt with competences for sustainability and the related conceptualization. However, Education for Sustainable Development (ESD) actually requires the lifelong promotion of skills such as creative and critical thinking, communication, collaboration and cooperation, with a particular focus on conflict management, decision making, problem solving and planning, and the appropriate use of ICT in the full exercise of active citizenship in practical life. These skills are key competences that should allow for an active, thoughtful and cooperative participation for sustainability. This is “transformative social learning”, which is capable of deconstructing what exists, of critically reflecting on values and world views, and of affecting traditional learning processes to achieve the construction and sharing of new meanings in order to contribute to the feasibility of the goals of sustainability [26].



In this regard, according to the authors [26], the following key skills are to be cultivated: thinking with foresight and imagining new scenarios; coping with complexity; working in an interdisciplinary way and creating a dialogue between disciplines; perceptions and capacity for contextualization in a cosmopolitan environment with cross-cultural understanding and cooperation; participatory skills; deciding and acting for change; planning and implementation; the capacity for empathy, compassion and solidarity, managing emotions and stress; self-motivation and the motivation of others; critical thinking; and the clarification of values. Despite the considerable progress in the conceptualization of competences and skills, etc., their holistic incorporation into school curricula has not been very successful. Among the obstacles, in the first place, there is a lot of terminological ambiguity about competences, skills and abilities, making it more difficult to clarify the complex (and non-linear) interconnection between all these elements. The present challenges require skills in sustainability, and therefore careful reflection on tools, methods, training and assessment. Such skills concern: individual responsibility, the ability to process information, the ability to reason on scientific phenomena, and the ability to work as part of a team. These will allow young people to interact with real life in the current contexts of contemporary society.



The approach adopted in this paper, starting from the understanding of basic geographic concepts, used GIS to seek learning outcomes in situations that directly involved the students, in such a way as to activate a path of growth and personal decision-making leading to individual actions shared within the work group. As stated in Napal et al. [26], this involves the internalization of values and other non-cognitive components. The experience chosen consists of situations that would enable the students to put into practice what they have learned, through a powerful tool strongly oriented to the free creation of knowledge, based on decisions that are personalized and therefore specific to the user. In other words, it refers to situations that provide individuals with the opportunity to use science and field knowledge that encompasses the four dimensions (“knowing”, “knowing how to be”, “knowing how to do”, “knowing how to live together”).



As emerged in a recent research study [13], specific characteristics can be identified corresponding to the planning approach (rational and spatial) related to the type of strategy, the style of the plan, the knowledge exploited, the participation and so on. This is a step forward that, in parallel, as we have previously argued, would seem to have characterized the evolution of GIS and its related applications. In correspondence with the different levels of territorial integration and of the approach to development, it is possible to outline the main characteristics of the participation. In fact, they can be connected to the methods of use/reuse/reprocessing of data and digital resources, passing from a passive approach of the mere fruition of information to a more active construction, with a critical, responsible reconstruction of knowledge (that is, the development of empowerment through a measure involving the participant in action and direct responsibility).



Although, as previously stated, there has been a growing diffusion and democratization of GIS tools and data, these phenomena are not counterbalanced by an equal diffusion of geographic education. The risk is that this heritage could be reduced to standardized operations, strictly applicable above all in the field of planning. The adoption of a critical approach already in the stage of the selection of the data and information is therefore essential in determining the output produced. This requires particular attention when territorial development is at stake, in which case a critical, integrated and complex work plan must be envisaged. For example, in the processes of regional planning, community demands and expectations can be many and varied, and sometimes incompatible with each other, as in the case of land use that can irreversibly modify the landscape [28]. These conflicts arise mainly because the points of view and perceptions of the different community members are different. This generates a conflict regarding the values attributed to local resources between different actors. As will be explained in more detail in the next section, through the experimentation which was introduced in a university course, we tried to reflect on the role of GIS and on the potential for the development of a greater awareness of the value of local resources by the students involved. The teaching experimentation, conducted in a particular period due to the COVID-19 health emergency, took place using desk-type analysis, based exclusively on data and sources available online.



Using a combination of theory and practice, context analyses of an area of considerable regional interest for current policies were reconstructed, with the aim of testing the tool’s potential for developing critical thinking and active citizenship in a proactive key. The final products were also assessed by key figures of the sector. The students, as will be shown below, did not confine themselves to the initial description of the place under study, but in various applications they proactively defined the interventions to be implemented in the area in question. In this first experimental phase, without going into too much detail on the pedagogical and evaluation methodologies (the main reference point in this paper is the work of Ajello and Belardi [29]), it was considered useful to extract the fundamental characteristics of the proposed approaches and to verify which ones were compatible with the work underway, reserving the right to conduct more specific studies in the future.




3. Materials and Method


As previously discussed, the literature and the international and European programmatic agendas represented the reference point for this experimentation, particularly Development Goal 4 and specifically the Incheon Declaration [14]. The approach of this declaration is perfectly in line with the area chosen as the subject of the experimentation by the students, an area characterized by serious criticalities in terms of education and human capital. It must therefore be considered a challenge to be implemented with policies that aim at quality education, capable of fostering creativity, knowledge, and social and personal skills, and of responding consciously to local and global needs through education for sustainable development (ESD) and global citizenship education (GCED).



The experimentation, triggered by previous studies, was carried out in the course on Geographic Information Systems, a university course held in the third year of the Digital Management degree (management curriculum) at the University of Salento in the academic year 2020–2021, and it involved 40 students (24 male and 16 female students). In view of the students’ lack of basic knowledge, the limited time available and the fact that the course was clearly applied and laboratory-based, specific choices were made. The first was about the commonly-felt need to have an initial “tool box” to provide the necessary guidance in organizing, selecting and using the data and information available. As Bissanti [30] p. 15 states “the teaching–learning of Geography certainly has to do with roads, ports, business activities, plains, lakes, vegetation and other elements of the territory. It should be kept in mind that it is not a jumble of things thrown in willy-nilly, but an organized set of elements all linked by complex relations of connection and interdependence”. Therefore, according to the author:



…it’s necessary to clarify our ideas a little, since this is an important point, to which we should pay special attention. It is an important point because it can help us to understand the real nature of the subject. And understanding the nature of a subject, ‘taking possession of its structures […], in the sense of essential concepts, fundamental principles, key ideas, methods […] is the indispensable prerequisite for knowing how to ‘use’ that subject as a tool to achieve great educational purposes.



In addition [30] (pp. 18–21), Geography has an important “social role” because it not only enables us to decode reality but above all to “appropriate” it for ourselves, to give “specificity to space” seen as a complex “social product”, a space that “is not neutral, shapeless, an inert substratum; it is a space made geographic, it is a living space”. Geography has educational purposes, and with the other subjects educates the future citizens about the value of solidarity and sustainability, and introduces them to “the scientific method”.



Consistent with this approach, the basic concepts were selected, guided by some works shared among the group of students among the sources [30,31,32,33,34,35,36,37,38,39,40,41]; in particular, the students read the Italian strategy for inner areas and the local strategy applied to the real case of study on the practical experience in courses held in recent years, and on that of the present author’s post-graduate activity. Special attention was given to the concepts of territorial identity, territorial capital and development in order to point the students, for their final report of research, towards the analysis of a real case which was of national interest but was little known. On this point, notice the students’ lack of knowledge about strategies, practices and measures for development in Europe, Italy and especially in their own territory, the target of a major intervention in the SNAI (Strategia Nazionale Aree Interne /National Strategy for Inner Areas) [39]. The students were given the basics in cartography; cartography in fact plays the role of “summing up knowledge” and is the “product of a cultural synthesis” with great communicative power, capable of “expressing many things simultaneously” [40] (pp. 13–14). The approach was based on a series of steps, from the acquisition of the basic concepts and their assimilation, through to their application. At the end of each lesson, the students were provided with the materials discussed in the classroom so that they could study them in greater detail, along with links for further in-depth materials. This was followed by thematic debates on the topics, thus enabling the students to become active creators of their own knowledge. Starting from basic concepts and knowledge, with the help of the teacher as a facilitator, the students gradually became autonomous in their search for materials and data sources thanks to a growing responsibility for their personal learning process and the development of the capacity of independent judgment on current issues. The students progressively learned to critically read programming documents and data in preparation for local-scale application to the area under study. The application to the local case study required a progressive maturation and recognition of territorial values in the construction of the proposed project not simply as individual students but within the working group. The viewpoint adopted in the experimentation was socio-cultural, going beyond the cognitivist approach, and was achieved using participatory methods actively supported by the teacher during the teaching activities. According to Ajello and Belardi [29], this enhancement of participation takes place in activities that are, in turn, highly operative regarding the cognitive processes involved, directed to the learning of reasoning methods, and typical of “expert thought” in a specific disciplinary field. It is a guided path which explicitly brings out cognitive and reflective skills and processes in the solution of certain tasks. This approach is interesting in that it does not envisage and does not take into consideration (even in the final evaluation) the mastery of contents alone, but rather focuses above all on the way knowledge is applied, the features of the tools and artifacts specific to a subject area, thereby producing positive effects on the students’ sense of competence and self-efficacy.



The interesting aspect of this approach is that it considers learning as an essential characteristic of human beings regardless of the activity they perform in different cultural contexts, and as something that everyone experiences, taking place thanks to the learners’ participation in “situations that make sense for the individuals involved and that have an effect not only from the point of view of acquisitions in terms of contents or cognitive processes, but also for the identity aspects of self-construction” [29] p. 17.



Consistent with the approach adopted, the evaluation method was also assessed and modified in progress. It could not be of a traditional type, limited exclusively to the testing of the knowledge learned in a top-down mode. In other words, it was essential not only that the products/results of the application of the subject’s contents should be clear and evident to the learners but also the whole metacognitive process to reach those competences, thus supporting self-critical reflection through the realization of more complex tasks. As Ajello and Belardi [29] argue, this also leads to an enhancement of the students’ reflective and metacognitive capacity, as well as their professional growth. This approach, which is akin to the principles of the “reflective learning portfolio”, calls for the discussion of the contents and choices made, and also a chronological organization of the outcomes produced in a certain time frame. All of this, according to the authors, enables the student to progressively develop awareness in mastering contents, tools and skills, thus allowing a critical comparison between the initial and final phase of the work, highlighting the process of personal growth (see Table 1).



This method of detection is effective if it is applied in real situations. It requires students to participate actively in all of the stages, from the selection of the information through to the final product and its discussion. GIS lends itself well to this purpose due to all of its previously mentioned features. Not only must these processes of selection, reflection and discussion be made explicit in order to allow the teacher to make assessments, but they must be clear from the beginning of the course. In order to be effective, the involvement must be subjected to continuous reflection, and must be co-constructed with the teacher in a constructive and critical way. In this process it is possible to grasp the students’ ability to self-organize, to progressively identify their strengths and weaknesses, and to intervene to overcome the latter. Students also find themselves launched from a professional point of view into conducting complex activities in real situations, and are able to feel that they are the creators not only of the final product but also of their own learning path.




4. Results and Discussion


The starting point of the experimentation was a shared reflection during the lessons about key concepts in Geography. The first part of the course tackled some basic concepts, selected in relation to the training goals set and taking into account the students’ initial level. In the second part of the course, the students were monitored in the selection, examination and representation of phenomena using three levels: descriptive, explanatory–scientific, and critical–applicative [30]. At the same time, examples of applications were presented with reference to regional case studies, along with sources and methods of acquiring the necessary data (including Web-GIS, which facilitates not only consultation but also interactions between different data) for the representation and description of the territorial context to be applied in the GIS environment. Consistently and in order to promote greater autonomy in setting and carrying out the assignment, an open source software was used (Quantum Gis).



More specifically, the attempt was made to analyse the students’ ability to choose the data and indicators to be mapped, to process them on the basis of the chosen criteria which were shared and justified, and to discuss and support such choices (data selection through specific criteria resulting from the users’ purpose-oriented choices).



The real case study examined with the students required them to apply what had been learned about the development of context analysis to a well-defined area in the region. This is the Monti Dauni area in the Apulia region (South of Italy), one of the 72 project areas selected as part of the National Strategy of inner areas [39]. It is an innovative application because it allows students to know and apply the knowledge and the skills learned during the course in a real ongoing work environment in their own territory, stimulating their interest and commitment. This aspect is fundamental because the experimentation required a significant commitment from the students and a strong sense of responsibility towards the working group in the execution of the project from the beginning to the end using a cooperative, mutual approach. For this reason, it is believed that the application to a real case study that directly involves them as citizens and beneficiaries of the policies is a key element in stimulating curiosity, commitment and the highest level of participation, i.e., empowerment. The lectures on the reasons for this intervention aimed to prompt students to carry out further research and in-depth studies, as well as to reconstruct and integrate the context analysis already present among the planning documents of the area under study; see [41]. A fundamental point of the experimentation is that the approach adopted was strongly participatory, cooperative and based on a real application to a local case, which stimulated the students to search for strategies that were—in many cases—innovative and creative in order to complete their work. Specifically, they undertook the development of methods for searching and selecting relevant data, and their representation and communication externally.



In particular, among the interesting applications, there is the example of a group of students who developed a method for extracting relevant information from programming documents through textual analysis, while another interesting case involved the autonomous exploration and deeper analysis of the interventions and projects in progress in the area in order to understand the possible impacts and the future vision of the territory. In another case, the students developed topics not addressed during the course and largely overlooked in the local strategy, such as addressing the problem of exposure to the risks of the area (social, economic and hydrogeological risks, etc.), which required further research, all of which revealed a growing development of their autonomy and critical application capacities. This required a further effort to understand and decode the information for further analysis, with the experience of in-depth study bringing the students closer to the research. This was possible thanks to the GIS working environment, which allows an integration not only between data and information but also of the methods of analysis that can be achieved thanks to previous knowledge being consolidated in a virtuous circle (for example, previous knowledge in economic geography, the geography of tourism, economics, statistics, etc.).



Each working group, therefore, adopted different strategies in carrying out the project, thus bringing into play both previous knowledge and skills, and those learned in other courses. Once the timetable was set in the subsequent phase of the research, along with the integration and selection of the variables to be represented independently, as well as the delivery of the documents, the latter were collected in a personal archive, discussed and supported first within the working group and then with the teacher, before the final discussion in the presence of key figures of the sector (the Director and President of the Monti Dauni Area). During these phases of work, the discussion between the students and between the students and teacher were fundamental, as they raised interest and new skills relevant to the topic, thus representing a further learning experience. The particular period of the pandemic did not represent a great obstacle; the possibility of being able to organize meetings, often organized independently among students, allowed all of the members of the group to work and participate actively in all of the sessions. The creation of the GIS project was therefore gradual, and required various moments of reflection. The project was created, firstly at individual level, and then shared in the work group. It consisted of a number of non-random information layers, resulting from specific choices and demonstrating the progressive ability to decode and organize data and information, to distinguish a sequence of information layers (Figure 1), to identify and reconstruct phenomena and relationships, and finally to propose innovative solutions about strategic interventions in the territory using a research method developed by each group, of which the steps had to be indicated.



The specific process involved moving from an initial level of description (in which the information layers concerned single discrete objects recognized, classified and named) (Figure 2a), to the awareness of their space–time development in a multi-scale context, identifying relationships of growing complexity among the different data sets selected (Figure 2b), through to proposals for functional territorial development interventions in a well-defined area, with the working groups producing different outcomes.



As suggested by Kemp et al. [42] for the final work, the steps and goals regarding the knowledge to be acquired were expressly indicated. The students adopted the form of a written report, indicating those responsible for the different parts of the assignment, along with a group presentation. The final report, containing the maps produced and various elaborations such as graphs and tables, had to indicate and discuss the objective of the study, the method used and the results obtained. It envisaged the critical, reasoned selection of a well-defined number of documents/variables to be presented. The reports were subject to double mixed evaluation: self-assessment by the students of the process undertaken and hetero-evaluation by teachers and experts, in this case by the staff who had elaborated and written the strategy for the area under study. In the first case, a survey form was used, which was administered at the end of the course. This sheet recorded the personal strategies implemented in order to learn, tackle and accomplish the assigned task, the difficulties encountered and the strategies activated to overcome them, the personal and emotional investment in the assigned task, the individual path followed, and the main difficulties and critical issues encountered, along with the added value and limitations of the course as a whole.



The final evaluation was not limited to traditional methods, but was considered all aspects, including the personal and professional growth of the students. In the latter case, in fact, the final works were presented to key experts (figures currently involved in constructing the development strategy of the chosen area), who gave their assessments on the relevance, innovativeness, quality of knowledge and proposed interventions. The results produced not only interesting critical applications of the concepts learned through the use of GIS but also brought out further skills, competences, critical ability and a sense of active citizenship, which all developed well beyond the initial expectations.



On the formative level, interesting ideas emerged for further reflection and experimentation. More specifically, the students stressed the need to use multidisciplinary skills and knowledge in order to deepen and internalize the concepts of Geography so as to bring a mental and conceptual order to what they had learned. The aspects praised by the students were the full autonomy in choosing the variables and information needed for their final report, the support and constant discussion with the teacher, and the interest triggered in the study of a specific local context and the ongoing interventions. GIS facilitated these tasks; some of them are better specified in the Table 2 where, in correspondence with the main tasks, the students’ statements on the final self-assessment form are reported. The research activity and subsequent mapping of the data triggered a range of knowledge and different skills along with increasingly challenging and precise processes of selection, reflection and reasoning. Various strategies were adopted individually in order to master the concepts learned. Due to the current pandemic situation, a continuous dialogue among the students and teacher was necessary; through dedicated work sessions, the opportunities for confrontation, discussion and brainstorming were intensified. This was an important element of the success of the experiment because it enabled problems to be overcome, from the most trivial technical ones to debates on more complex issues. The students progressed beyond the superficial learning of mere facts, as shown by the numerous in-depth studies stimulated by personal interest. The use of a self-assessment form that took into account the learning process carried out by the students was another important element of the experimentation. In fact, the possibility of describing the learning process was another element of innovation introduced, which made it possible to detect important aspects in terms of course feedback and greater awareness of one’s own abilities and personal knowledge, as can be seen from the students’ statements.



Other interesting results emerged in terms of the self-assessment of the process and the emotional investment, revealing a progressive growth of skills and competences. Some students’ statements follow:




	-

	
“From the comments on the maps, I began to have a critical sense and a greater awareness of the problem we were asked to tackle. The most satisfying thing was the growing understanding that came from the continuous discussion with my fellow-students, from the consultation of the maps presented online, from the comparison, from the reading of documents. I must admit that in the end, especially after having had to deal with such a delicate issue as the Strategies in the Monti Dauni, I also felt emotionally involved. Right up to the handing-in day, the assignment seemed to be constantly evolving”.




	-

	
“I felt like a professional in the trade, satisfied with the work I was doing”.




	-

	
“It is certainly one of the most involving courses I have done so far during my university career, because it is not just memorization of concepts, but above all application and research of everything you study”.









The innovative, creative solutions that emerged were triggered by the participants’ growing interest; in fact, they argued:




	-

	
“In the final stage, a bit like a chess player, I tried to see the problem from different points of view to identify aspects connected to the “Monti Dauni system”, that could in some way help to explain more clearly the reality of the place from angles that are possibly unusual but potentially useful to find a way to fulfill the inhabitants’ needs”.









Based on the results obtained by all of the students (outputs capable of highlighting multiple competences and skills learned, such as the critical application of concepts and theories to a real case, the ability to elaborate a professional result in which the research method, objectives and various aspects were clear and accurate etc.) from their assessments, the course can be considered globally to have had a positive outcome; the main critical issue that emerged was the lack of time available. Based on what emerged from the self-assessment phase, the third level of critical application in the subject was fully achieved, as stated below:




	-

	
“The course provided me with basic and advanced skills for territorial analysis and the production of GIS cartography, with GIS application functions and techniques”.




	-

	
“The course strengthened my ability to solve problems, through the formulation of solutions and scenarios supported by GIS. It was an experience that certainly challenged the critical aspect of each of us, contextualizing the various approaches. This I can evaluate only in a positive sense, because I really appreciated the fact of leaving space for different individual thought processes”.




	-

	
“Very interesting and stimulating, because it allowed me to travel with my mind around the places in the Monti Dauni and other inner critical areas of some regions in Italy to which I am particularly attached, which are in very similar situations. It was enlightening because it gave me a “systemic” point of view for the analysis of a territory”.









The formulation and original reworking of the data and maps produced not only completed the initial context analysis developed programmatically but later prompted the students to find creative solutions and propose concrete interventions to implement in the territories. The interventions proposed ranged from specific, concrete aspects (accessibility; training; the emergence of new ways of enhancing and using local resources; new forms of tourism, such as hospitality in exchange for work; a census of public buildings to be redeveloped and allocated to the sectors of education, training and tourism), through to the construction of more complex, innovative tools (Think-tanks; Web-GIS that try to solve the main critical issues of the area, which are therefore specifically dedicated to integrating the resources and actors in the territory, especially economic operators, institutions and citizens, as users and at the same time producers of data and information). The final reports were also assessed positively by the key actors invited to speak to the students, as a way to share expert knowledge and strengthen the students’ sense of belonging, making them feel part of the strategy underway in the Apulia area as active protagonists, and not simply as passive users. In other words, we progressed from mere information transmission and description of the context to the development of student empowerment. This way of working with the focus on understanding and using specific tools in a conscious manner in situations involving personal decision-making produced, among other things, conscious shared actions aimed at the greater sustainability of territorial development practices. Furthermore, this required a greater awareness of values, their internalization and their combination with other components, cognitive and otherwise.




5. Conclusions


The spread of GIS and the unprecedented availability of data and information are important resources for education and lifelong learning, as expressly discussed in the literature review and especially in the main international and European agendas on education for sustainable development. As previously argued, there has been such a rapid, radical spread of GIS, especially in recent years, that it has become a widely used tool in various fields and with numerous purposes. It allows the integration of spatial and non-spatial data, and—through the use of technical specifications—favours the use, selection and analysis of huge amounts of data from different sources. However, the problem of its optimal use emerges, from the point of view of applying the concepts learned and developing critical creative thinking, issues that are complex and still relatively overlooked. This aspect is fundamental because, as emerged in the main agendas, education assumes a strategic role especially for the development of fragile, vulnerable territories. In particular, it should be of good quality at all levels and for all individuals without discrimination. In the local case selected for study—defined as an inner, marginal territory—this experimentation fully entered the knowledge-building mechanism and skills needed to take advantage of opportunities and to participate fully and actively in society. As discussed in this paper, tools such as GIS are certainly of great utility and potential, and if properly used they can allow us to achieve goals that go beyond mere application. However, they are necessary but not sufficient. GIS can have a significant impact on the teaching and development of critical thinking from a sustainability perspective, but it must be placed in a context in which there is a systematic approach, starting from basic concepts of geography in an active construction of those who learn, connected to the specific learning situation and developed in a context of interpersonal communication and social collaboration. In fact, GIS considered as an isolated tool can even have the opposite effect; that is, it can lead to extreme reductionism and the simplification of reality rather than fostering an understanding of territorial complexity and connections from a sustainability perspective. As previously argued, at the same time as the development and multiplication of sophisticated tools of spatial analysis, with the pervasive dissemination of sources and data in an open and therefore freely usable way, we are witnessing a paradoxical situation connected to the reduction of geography teaching, especially in Italy. The combination of geographical education and information technologies applied to the territories, and the contribution they make to Sustainable Development Goals (SDG), although of strategic importance at an international programmatic level, are questions which are still under-investigated. They represent both an innovative field of experimentation and significant opportunities, especially for marginal, inner areas. In this paper, using a constructivist approach, we have tried to highlight the importance of having a solid geographical conceptual basis in order to reorganize previous knowledge, to facilitate the understanding of territorial processes, to grasp their dynamism and diversity at different scales, and to explain the effects that arise from their synergy. Starting from key concepts of geography, through material shared and discussed within the group of students, following participatory and bottom-up strategies and a path articulated in three levels—description, scientific explanation and critical application—the students were guided in the formulation of a project applied to a real local case study, exploiting the potential of GIS. This experimentation adds a further element of innovation; in fact, it was conducted in the context of a specific, real subject, with the presentation of a case study on an area of national strategic importance (Monti Dauni in the Apulia region) in the domain of development policies in the current programming cycle. This form of education, which develops awareness of place, predisposes the citizen to change, the latter being a real need that emerged in this study.



As far as GIS is concerned, it provides an excellent platform for experimentation, allowing phenomena and relationships to be visualized in real time, their causes to be explained, and aspects of previously ignored phenomena to be examined. The experimentation revealed the essential union between GIS and Geography in order to achieve educational purposes which are typical of Geography and which will be increasingly important in the immediate future, with a view to lifelong education and the training of active, responsible citizens of the future.



The key to the experimentation concerned three fundamental stages: the study and in-depth analysis of key concepts in geography, the acquisition of a representation tool (GIS, which due to its intrinsic features is capable of allowing the application of what has been learned in full autonomy), and the focus on reasoning processes. By representing the phenomena starting from a range of data; by explaining the existing relationships, transformations and dynamics; and by justifying one’s choices, it was possible to facilitate the quantum leap from a passive, descriptive level of learning to a critical application and development of empowerment in the students involved. This was also possible thanks to the methods adopted in communicating the results and in the self-reconstruction of the process undertaken. The use of GIS fostered the emergence of an explorative, explanatory approach to the phenomena, also drawing on previous knowledge, prompting the search for original creative solutions (from explaining critical issues and causes through to proposals for new, basic services, for example for tourism and businesses, to connect different resources such as specific Web-GIS, innovative and multidisciplinary think-tanks, proposals for integrated itineraries of little-known local resources between coastal areas and inner and marginal areas, explaining marginalization and gender problems, and services seeking solutions for families and women in search of employment, etc.). Some interesting skills also emerged, in particular in thinking and imagining new scenarios, working in an interdisciplinary and cooperative way, cross-cultural understanding, participatory skills, planning and implementation, critical thinking, self-motivation and the motivation of others. The creation of the GIS project was therefore gradual and required various moments of reflection. This undermined the idea of automatism and the overriding technicality of the tool in favour of a conscious use based on clear knowledge and working and research hypotheses. This was thanks to cooperative learning, encouraging innovative ways of using data and maps, and leading students to scientific knowledge. As emerged, this is certainly not compatible with a traditional teaching and learning context, as it must be student centered, requiring the activation of more complex cognitive processes, and not a simple memorization of concepts and theories, requiring students to make greater efforts and increasing their responsibility for the achievement of the final result. In fact, the possibility of describing the learning process is another element of innovation introduced thanks to the final self-assessment form. It made it possible to detect important aspects in terms of course feedback, greater awareness of one’s own learning construction process, and the identity aspects of self-construction. The approach did not envisage or take into consideration the mastery of contents alone, but instead focused above all on the way knowledge was applied, the features of the tools and artifacts specific to a real case, thereby producing positive effects on the student’s sense of competence and self-efficacy. The students were able not only to critically reconstruct their own learning process but also to become aware of their own growth process, including in a professional sense. This important step gave meaning to the efforts made and is believed to have had effects on the self-awareness of the obstacles faced, and on the personal skills and strategies to face them in a process of personal growth that goes far beyond simple learning.



About the GIS, the availability of a personalized visualization of the phenomena made it possible to achieve a clearer perception and awareness of the spatial relations and of the complexity of the phenomena on different scales. The inclusion of GIS in Geography teaching therefore reveals an undoubted potential because it enables us to verify the students’ authentic understanding of concepts and their application, and to expand their awareness, motivation and interest in contingent issues related to their territory, in line with international agendas in the field of sustainability education. However, as emerged in this experimentation, this type of course requires a strong personal investment by everyone; therefore, it is essential to clarify the objectives to the students from the beginning, in order to make the entire course coherent in terms of the approach adopted, starting from the teaching method to the final evaluation. Other elements that have emerged regard the need to start from basic concepts of Geography, and in general to rethink the courses of study. The basic concepts of Geography provided the basis for a strong integrated methodology using tools capable of making students reflect in order to favor the reorganization of new and previous knowledge, up to the introduction to the scientific method. About the second point, Geography represents a discipline of strong connection between different disciplinary fields, which is above all involved in understanding the complexity of the current world. The students, in fact, stressed the need to use multidisciplinary skills and knowledge in order to deepen and better internalize the concepts of Geography.



This points to the importance of innovating the courses in order to promote skills, creative and critical thinking, communication, collaboration and cooperation in the full exercise of active citizenship in practical life. In this sense, it is necessary to promote “transformative social learning” capable of deconstructing what exists, of critically reflecting on values and world views, and of affecting traditional learning processes to achieve the construction and sharing of new meanings in order to contribute to the feasibility of the goals of sustainability. However, as emerged in the experimentation, which will have to be further improved in the future, in order not to reduce their functional use, the utilization of GIS—and in general of other information technologies—must certainly be included in a non-traditional articulation of the course, with the support of the teacher as a facilitator, leading progressively to autonomy, reflexivity and critical analysis—in a nutshell, to the founding features of geographic education.
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Figure 1. Example of a final project: the students used a free and open source Geographic Information System, Quantum GIS. Once the study area was defined and discussed, the information layers were selected and added by each student. 






Figure 1. Example of a final project: the students used a free and open source Geographic Information System, Quantum GIS. Once the study area was defined and discussed, the information layers were selected and added by each student.



[image: Sustainability 13 09246 g001]







[image: Sustainability 13 09246 g002 550] 





Figure 2. (a) This is an example of the first step of the mapping. The map shows the information layers concerning single objects; (b) in the next steps, the complexity gradually increases with the addition of information layers and the identification of relationships among the different data sets selected. 
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Table 1. Main features of the socio-cultural approach.
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	Features
	Where? In What Setting?





	Enhancement of participation
	Hands-on activities in situations that are meaningful for the individuals involved



	Guided experiences
	Task and problem solving



	Understanding, knowledge, tools and modes of use in a field of knowledge
	Focused learning



	Strong social interaction
	With peers and/or with more skilled figures, within one’s social group



	Production of tangible outcomes
	The products are “socially recognizable”







Source: our reformulation based on [29].
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Table 2. Some tasks detected in the final self-assessment form.
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	Tasks
	Students’ Statements





	Visualize the phenomena in real time to acquire full awareness
	“Create maps that were able to visually represent what I had in mind”



	Understand the connections by critically exploiting the potential of the GIS and by bringing previous knowledge into play
	“Identifying the indicators that in my view could represent most of the criticalities and potential of the territory”



	Creation and systemization of a range of knowledge and different skills along with increasingly challenging goals
	“I also proceeded to make several attempts to modify the classes so as to highlight critical issues when the software had not classified the data properly; once the maps were exported, I adjusted them”



	Progressive autonomy and responsibility for the learning process and creation of new knowledge
	“The search for any useful information in textbooks and on the web to carry out my assignment”.

“To obtain better, more reliable information I also interviewed a person with a lot of experience and knowledge of the place”







Source: our elaboration.
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