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Abstract

:

The United Nations (UN) identifies four key elements as agents for change and for addressing societal challenges: education, research, innovation and leadership. The use of technology, from a pedagogical and organizational point of view, in higher education institutions has brought about new challenges. The integration of them in the teaching–learning processes has experienced a great evolution, giving way to a digital transformation and the acquisition of new skills and knowledge, thus pointing towards quality education within the framework of sustainable development objectives. This document aims to describe and analyze the ways in which seven higher education institutions, three in Spain and four in Mexico, have taken up the challenge of adopting technologies and applying them to the educational process. To this end, in-depth interviews and direct observations were carried out. The results point to three dimensions: technological, pedagogical and organizational, which shed light on the different factors that influence the choice and availability of the use of technologies. The results indicate that contextual factors play a determinant role in the ability of an institution to profit from technologies to aid the educational process and guarantee its quality.
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1. Introduction


Technological advances have led to a major digital transformation. The process of integration and use of technologies in educational institutions has been complex and has been accompanied by great changes, according to the singularities of each context. Factors such as training, digital teaching skills, student knowledge and abilities, accessibility, infrastructure and educational policies, among other aspects, mark the investment and incorporation of information and communication technologies (ICTs), in these organizations. Despite the progress made, everything points to the education objectives not being met by 2030. The Sustainable Development Goals (SDGs) cover a wide range of possibilities and complex social, educational, economic and environmental challenges [1]. None of them make specific reference to ICT, although they do recognize the importance of the diffusion of ICTs in reducing the digital gap and developing knowledge societies. SDG framework includes seven ICT indicators covering six targets of goals 4 (ensure inclusive and equitable quality education and promote lifelong learning opportunities for all), 5 (achieve gender equality and empower all women and girls), 9 (build resilient infrastructure, promote inclusive and sustainable industrialization and foster innovation) and 17 (strengthen the means of implementation and revitalize the Global Partnership for Sustainable Development). Focusing on Objective 4, it identifies three key points: 4.4: proportion of youth/adults with ICT skills, by type of skills; 4.a.1.b.: proportion of schools with access to the Internet for pedagogical purposes; and 4.a.1.c.: proportion of schools with access to computers for pedagogical purposes [2]. According to the UN, there are four key elements to help society meet these challenges: education, research, innovation and leadership [3]. Universities, as the social fabric, play a fundamental role in achieving the strategic objectives of sustainable development in general and quality education in particular.



In order to promote a transformative change based on a new development model, it is necessary for the academic community to encourage other ways of learning, of understanding training and of interacting and living with technologies. Both professionals and students need to acquire certain digital and social skills in order to become agents of change in which, through higher education based on sustainable development, they can apply ICT to promote learning [4]. Therefore, it is essential to: (a) engage on the path towards the effective use of ICT, in line with the educational objectives and strategies of the institutions; (b) create scenarios in which ICT can be used in the teaching and learning processes.



Our aim is to describe and analyze the ways in which seven higher education institutions, three in Spain and four in Mexico, have taken up the challenge of adopting ICTs and applying them to the educational process, in order to shed light on the different factors that influence the choice and availability of the use of ICTs for quality, sustainable and equitable education. To this end, we present the background that guided our research and describe our multi-stage methodology, as well as a description of the tools developed and how the data were analyzed.



In addition, we present the interpretation and discussion of the results of the data collected, providing the possible implications of the use of ICT in higher education institutions, with the purpose of shedding light on the differences in ICT application and leverage for education, based on contextual ones. Finally, we address the limitations of the study and suggest directions for future research.



Theoretical Background


Education plays an important role in the growth, inclusion and innovation of a society. It promotes active, self-regulating, empathetic, flexible and critical thinking citizenship [5]. A society, known as the Society 5.0, is focused on people whose aim is to use technologies to create a better future, with changes in mentality, economy and geopolitics [6]. A “super-intelligent” society, which, as Keidanren describes [5], requires social evolution, and ethical implications and acceptance by all concerned. In order to do this, the current system needs to break down certain walls: (a) that of the administrations, with national strategies based on the Internet of Things and a “think tank” function; (b) the legal system, in which administrative digitalization is promoted; (c) that of technologies, a constant search for the formation of the “knowledge foundation”, cybersecurity, emerging technologies and the existence of a commitment to research and development; and (d) that of human resources, as with educational reforms and digital transformations, it is necessary to provide and expand human resources with digital skills that lead us to quality education.



COVID-19 has altered our lifestyles and changed the way we understand education. Advances in technology (artificial intelligence, robotics, the Internet of Things, cloud computing, etc.) are giving rise to a digital transformation in the way we live, relate, work, train and learn, centred on Education 4.0, the result of the fourth industrial revolution [7,8]. These advances are also having an impact on the acquisition of skills and knowledge—in formal, non-formal and informal education—in three major areas, as indicated by the LifeComp competency framework [9]: personal, social and learning to learn. Therefore, technologies are playing an increasingly important role in the various areas of life, making competences rapidly obsolete, and leading people to acquire new, more flexible and lifelong learning competences; at the same time, this invites us to update the existing ones. These digital technologies, in turn, are also seen as a means of: facilitating and improving learning; facing new challenges and opportunities; and learning to learn throughout life, individually and in society [10,11].



All of these transformations were already reflected in the 2020 Horizon Report [12]. In it, we find five major trends that mark the way in which the context itself is conceived: social, technological, economic, higher education and political. These trends combine in four scenarios that shape the teaching–learning processes: growth, limitation, collapse and transformation [12]. If we focus on the binomial higher education and technology, under the social, economic and political parameters, we can see that the use of technology continues to be more technical and curriculum centred, rather than practical and critical; it is seen as a catalyst for professional development to facilitate the use of technology in pedagogy [13]. To break with this theoretical–technical position, it is important that institutions consider three essential axes: the technological, the pedagogical and the organizational. Each of these is related to a perspective on how technologies are conceived: the technological one with information and communication technologies (ICTs), the pedagogical one linked to learning, digital competences, educational innovation and knowledge technologies (LKTs), and the organizational one with organizational and collaborative management technologies (OCTs) [14,15]. The combination of the three axes with their respective perspectives gives way to the use of technologies from an approach of empowerment and participation (EPT) (Figure 1), which allows us to face complex life situations and to develop competences that help us to successfully manage all the challenges that arise [16].



This socio-educational overview leads us to look at educational digital agendas, specifically those of Europe and Latin America, as they are the objects of our study. These agendas are committed to offering quality, excellent and equitable education for all, with the right to adequate training and constant updating and to offering new opportunities and social challenges: flexibility, creativity, innovation, digital competences and improvement in learning processes [17,18,19,20]. To this end, different action plans have been drawn up, consisting of three guiding principles with their corresponding measures:




	(a)

	
Improving the use of digital technologies in the teaching and learning processes: better Wi-Fi connections in schools, use of self-assessment tools and digitally certified diplomas.




	(b)

	
Acquiring and developing digital skills to support the digital transformation: creation of a platform in higher institutions to improve teaching–learning processes; development of scientific digital skills—open science; cyber security in education; and training in digital skills and entrepreneurship.




	(c)

	
Improving education systems on the basis of research, innovation and good practices that help to build a digital culture (digital literacy, digital competences, inclusion and citizenship).









On the basis of these actions, teachers must acquire the digital skills necessary not only for their personal lives but also for their professional lives in order to be able to participate in the present digital society, which increasingly requires specific skills necessary for innovation in teaching and learning [21]. For this reason, universities, as scenarios in the socio-educational network for the creation and dissemination of knowledge, are fundamental not only for social–digital transformation, but also for the achievement of the Sustainable Development Goals (SDGs). These institutions are perceived as an opportunity to provide future generations with the knowledge and skills necessary to face the different global challenges [22]. To this end, Agenda 2030 calls for a radical change, and changing curricula and changing education are essential elements to produce knowledge in line with current and future changes and challenges and to establish the basis for a fair, inclusive and egalitarian digital society [23]. Therefore, on the one hand, a “new” pedagogy is required that provides students with key competences: systemic and critical thinking, anticipation, regulation, strategy, transdisciplinary collaboration, creativity, self-awareness and problem solving [24,25], because “becoming digitally competent is essential if young people are to be able to participate effectively in a digitalized society and economy; not addressing these skills risks exacerbating the digital divide and perpetuating existing inequalities” [26] (p. 38). On the other hand, there is a need for operational policies and an integrative and interdisciplinary approach to sustainability development at the university level [27,28].





2. Materials and Methods


Our research was based on direct observations and in-depth interviews of key players at seven universities, with three from Spain and four from Mexico. A Spain–Mexico comparison is valuable to contrast two national contexts that, in spite of sharing common cultural values and background, differ greatly both in their level of socio-economic development and in the size of the digital gap. The selection of universities was also made to reflect the current higher education composition and situation for each of the countries. In Spain, public higher education is the main player, relegating the level of impact of private universities to a minimum. For that reason, it was decided to include one very large university and two mid-sized ones with different orientations. In the case of Mexico, private education accounts for one fourth of enrolment. Thus, three public institutions and one private institution were chosen. Variability amongst the public ones was provided by choosing them according to different geographical locations and sizes.



An observation and interview guide was adapted from a previously developed one [29] to capture all relevant information of the use and practise of information, organizational and learning technologies. The interview guide included 30 open questions, divided into six sections: institutional planning, institutional usage of ICTs, institutional programs for ICT usage, faculty digital skills and ICT usage, students’ digital skills and educational resources. Since they were semi-structured, it was possible to deviate from the guide to explore further a particular element during the discussion, when considered important by the interviewer. The interviews were recorded and transcribed, and the information provided was verified by direct onsite observations, and codified afterwards according to certain pre-defined parameters of interpretation that allowed for suitable classification of the information collected. The observations were classified in one of five possible categories:




	
Information and communication technology appropriation strategic commitment.



	
Information and communication technology infrastructure access.



	
Digital skills building for faculty.



	
Learning and knowledge technology integration in the curricula.



	
Organization and collaboration technology appropriation.








The first two categories were intended to measure the level of inclusion of an ICT strategy in the strategic plan of the universities under study, including a suitable allotment of resources for its execution, and the real digital inclusion realized. The third and fourth categories were intended to measure the level of readiness that an institution reached to successfully apply learning and communication technologies in the teaching and learning processes. Lastly, the fifth category was created to reflect how well the use of information technologies is applied to fully enrich the educational process by adding collaborative functions, as well as proper organizational functionalities to manage collaborative learning. These three dimensions involve an evolutionary process, where initial stages are to some extent requirements for the next ones, until an ideal state of technology leverage is attained.



A rubric was then applied to determine the level to which each university had made progress in each one of the three technological dimensions, as indicators of their path towards complete digital transformation.



Finally, a three-dimensional dispersion chart was drawn to graphically observe the positioning of each of the universities to facilitate comparisons amongst cases, and these were developed to draw our final conclusions.




3. Results


We now describe the results for each of the components of our methodology.



3.1. Definition of Dimensions and Their Components


From the above-described adapted instrument [29], a series of indicators was selected to reflect the nature of each of the dimensions in the rubric, as described below.



3.1.1. Information and Communications Technologies (ICTs)


To capture the level of ICT strategic commitment and access, indicators included the presence of a plan to include technology in both academic and administrative activities, along with appropriate performance measures. The existence of an organizational unit, responsible for the integration of ICTs in the teaching process, followed an established plan, or at least some initiatives for that purpose. The presence and scope of online education was also considered. As for access, aspects like wireless and wired connectivity, classroom equipment availability, spaces for the use and borrowing of computers by faculty and students, ICT services and support and provision activities were included.




3.1.2. Learning and Knowledge Technologies (LKTs)


With regard to LKT appropriation and readiness, it was first important to look for mechanisms in place to develop digital skills in faculty, such as formal training programs and domain diagnostics, coordinated and supported by a particular organizational unit with that purpose. It was also observed whether there was support for the basic use of learning management systems, and a complementary offer of blended and online education options. Finally, it was important to evaluate how extensively the use of LKT was intentionally included in the curricula of the programs in each institution.




3.1.3. Organization and Collaboration Technologies (OCTs)


For the last dimension, OCT appropriation, the focus was on more sophisticated use of learning management systems, so that they would not only be containers of content for a particular class, but actual tools for the students and faculty members to collaborate in knowledge building activities, with appropriate management for tasks ranging from assignments and evaluation to profile identification and learning personalization. Additionally, other initiatives related to the development of open educational resources by faculty members and their display in institutional repositories were assessed. For this dimension, it was also important to identify an official organizational unit in charge of making these initiatives happen.





3.2. Field Study


Universities were classified into four size categories: small (up to 5000 students), medium (between 5001 and 10,000 students), large (from 10,001 to 50,000 students) and very large (more than 50,000 students). For the purpose of this study, only three categories were included to better observe contrasting features. Table 1 shows the characteristics of the universities chosen for the study. As mentioned before, it was intended that the higher education environments were correctly represented based on their nature in each country. Three Spanish and four Mexican universities were included.



After performing the site visit and in-depth interviews with key players (at least the person responsible for ICT services, the person in charge of the academic planning, one faculty member and the person responsible for faculty development), a rubric was applied to determine the level of maturity for each on the categories and dimensions in the study. The rubric was based on five levels: absent, incipient, medium, integrated and consolidated. We now discuss the results for each university.



3.2.1. Spanish University 1


With more than 65,000 students, SU1 is one of the leading educational institutions in Spain. It follows the general guidelines that the government of Cataluña has provided for all higher education institutions, where the level of digitization of services is comprehensive, and there are several organizational units that directly affect the ICT strategy in the university: the Institute of Education Sciences, the Center for Learning and Research Resources, a Department of Infrastructure and the Inter-University Group for Teachers’ Formation. Together, they guarantee the access to ICT infrastructure, as well as to a Moodle-based virtual campus and appropriate mentoring for the academic application of ICTs. There is connectivity in all areas of the different campuses, and all classrooms are well equipped. Software licensing is regular and standardized, and provided freely to all community members.



Faculty training is offered in face-to-face, hybrid and online modalities, and it is based on the needs of each academic unit within the university to cover didactics, specialized software tools and the use of ICTs for education, including informational skills. The university also offers special degrees for new faculty, and the application of ICTs in the classroom is followed up. The university creates an instance in Moodle for each class, but usage is voluntary for professors. The learning management system (LMS) application is divided into three categories according to its aim: regular classes, faculty training and continued education. On the downside, professors use the LMS tools as closed content repositories, and they do not provide digital skills for faculty nor students, for the most part.



Professors share best practices in the application of ICTs for education through a web portal made for that purpose. Additionally, they have repositories for LKT tools, as well as banks of images, educational video channels, massive open online courses (MOOCs) and teaching and research content that may aid faculty in creating educational resources, which can be published in the university’s repository, and then shared with the rest of Cataluña. Collaboration is fostered and supported.




3.2.2. Spanish University 2


The use of an LMS at this 20,000-student university is not mandatory, since they perceive themselves as a face-to-face university. They have promoted its use with moderate success to overcome resistance to change. Access to computers and appropriate connectivity is not a concern, since infrastructure is appropriate. It is normal for all students and faculty have their own computers and they prefer to use them than those of the university. The university provides IT support and a video recording studio. Videoconferencing facilities are available but not frequently used.



As in SU1, there is an Institute for Education Science, in charge of providing professors with courses to learn about the use of ICTs for their classes, and didactics in general. This is done by faculty members who are assigned work hours to train and help with LMS spaces. Course offerings are published each month, and complemented with materials in the form of videos and tutorials. There is a program for faculty innovation where projects are presented and approved on an individual basis, though with a limited budget. The main LMS is Blackboard, used at different levels by 80% of the faculty. Integration of ICTs in the curriculum is limited to one subject, common to all programs, but it is believed that it does not provide all the skills needed by the students.



Despite the apparent broad use of the LMS and the ample provision of software tools, there is no measure of the level of sophistication to which faculty and students engage in collaborative learning and work flows through technology. It is clear, however, that all academic services are well integrated with technology to help the organizational needs for academic management.




3.2.3. Spanish University 3


This multi-campus 20,000-student university differs from SU2 with regard to its approach to technology for education, as it commonly leads projects related to that matter in an association called the Spanish Universities Rectors’ Conference. The importance is given to technology well beyond access and sufficient infrastructure. Since 2011, the university has counted on a specific organizational unit to promote educational innovation mediated by technology, as well as be in charge of the strategy for faculty training and the development of educational resources. For the latter, they encourage professors to get involved and provide help through what they call pedagogic coordinators. The use of Moodle is mandatory, at least as a content repository and grade reporting tool. The university provides appropriate connectivity and computer infrastructure, as well as videoconferencing support. The purchase of hardware and software is centralized and properly regulated.



The university provides professors with tools to develop courses and repositories for them, and for supplementary content. It also provides support for video recording, production and post-production, so that elaborate material can be obtained, beyond simply recording a lesson, and focusing on short and attractive ones. There is a teacher formation plan that seeks to take advantage of the fact that their faculty body is quite young on average. Yet, this has not been completely implemented.



The university encourages collaboration through cloud services and tools, sharing documents and spaces for interaction. It also integrates academic platforms in a very comprehensive way for administrative processes, so that work can be quite transparent for professors. As an added value, the university provides an analytics service to professors for all their classes, so that they can better adjust their methods.




3.2.4. Mexican University 1


The Institutional Development Plan of the main university in Mexico recognizes the urgent need to integrate ICTs into the educational processes to help better serve its 360,000 students. This plan aims at increasing the coverage and quality of data centers, networking and cloud services. Additionally, it targets the development of digital skills, and the university’s readiness for blended and online learning models. This need became crucial as a result of the negative impact of the COVID-19 pandemic. This brought consequences even for its organizational structure, where areas were combined to better approach the educational innovation needs. The computer and networking infrastructure is extensive, but far from enough. As opposed to universities in Spain, a great majority of the community members do not possess a computer for their exclusive use, or suitable connectivity at home. Software licenses are negotiated centrally, and they are offered freely to students and professors.



Digital skills are formed in professors by many programs and organizational instances. Most of them are general programs and are not dedicated exclusively to ICT matters. Nonetheless, there is one that is, diagnosing the level of ICT domain both for students and professors, and providing the latter with a series of courses to meet their needs. They also offer mentoring and didactic help. Even though taking courses is mandatory for faculty members, this is not exclusive for ICT skills, so not everybody chooses to follow this course path. Most academic programs include at least one course related to ICTs, but integration as part of the learning process is normally absent.



There is more than one LMS platform at the university. Moodle is the most common one, and its use has spread, but normally just to store content and assign a few activities. Videoconferencing tools are also available for faculty members. However, the intention of capitalizing on technology for collaboration in academic life is relegated to some isolated initiatives. Additionally, administrative and academic processes are highly unintegrated. This is made worse by the high level of autonomy that each academic unit holds. Thus, trying to standardize services and technologies is quite a difficult task.




3.2.5. Mexican University 2


This 20,000-student university, the main one in its state, has a strategic plan that recognizes ICTs as horizontal and cross-sectional catalysts for attaining organizational objectives, providing some stimuli for faculty work and training in this subject matter. There have been some strong efforts to provide appropriate computer and connectivity infrastructure to the whole of the university community, but there is still considerable work to do. Home access is even more complicated than for MU1, due to its location in one of the most economically depressed states of the country, and the highly rural and multi-ethnic composition of its population. Infrastructure improvement projects are generally limited by restricted budgets.



There have been some efforts to develop digital and didactic skills in the faculty, but with limited results. Courses are generally offered for didactics, which then incorporate some ICT content. The university provides support for Moodle, and it is partially used by faculty, though there is a fully online modality in the academic offering.



Regardless of the flaws, the university uses technologies to collaborate on curriculum design and revisions, and it supports faculty in the use of video tutorials, microprocessors, transmedia narratives and other alternatives for course innovation. Administrative processes have a limited degree of integration through technology.




3.2.6. Mexican University 3


This small and fairly recently created university, serving close to 4000 students, has a development plan that recognizes the strategic role of ICTs in quality education. Nonetheless, it does not include measurement mechanisms nor intermediate goals. It does not count on a fixed budget, but operates with funds subject to approval, with no guarantee for continuity. Educational strategies are traditional and controlled centrally by a specific unit, restraining innovation. It has a pertinent but insufficient computing and networking infrastructure. Having the financial system as it is, it cannot commit to long-term projects. It does not provide institutional support for educational technologies.



Faculty training needs are not formally identified, but a program supported by existing faculty members is in place. Software tool availability is limited to what exists in the laboratories, and there are no commercial agreements with vendors.



As for the integration of ICT in the curricula, the university does not have any initiative to do so. Furthermore, the only technologies it has available are a digital library and a media classroom. Collaboration supported by technology is absent. Administrative processes are moderately automated and run well enough.




3.2.7. Mexican University 4


With over 90,000 students, this private institution is one of the pioneers in education innovation, and in the use of ICTs for improving the teaching and learning processes. Its current educational model is strong in innovative didactic approaches, as well as in the intense use of ICTs. This is recognized at all managerial levels, and an excellent infrastructure is in place, as well as the associated support services. Unlike its public counterparts, its students are financially strong, and most have at least two devices at home for their exclusive use. Many years ago, this university made it mandatory for students to acquire a laptop, or guarantee access to one, so that all courses could run in a blended learning environment, implemented in Blackboard, becoming this company’s largest client worldwide. They are currently moving to Canvas. It also provides institutional incentives to faculty members for projects about innovation in education.



Faculty training programs are extensive, and the requirements depend on the path of each professor, since they can be categorized differently. Each professor has a whole program to undertake as a requirement to continue. Once this has been fulfilled, they need to take at least 40 h of training per year. A great proportion of the courses offered are related to ICTs. Each campus has an Educational Innovation Center, in charge of defining and designing the training offerings. ICTs and LKTs are extensively integrated into the curriculum to potentiate the learning process.



The use of ICTs certainly promotes interaction and collaboration. The university intensively promotes the development and use of educational resources, and it has one of the largest repositories as well. It takes advantage of learning analytics, since all the administrative and academic systems are integrated nationwide. Academic work groups are also supported by technology, provided that the university system has campuses distributed across the nation.





3.3. Data Analysis


Based on the rubric, numeric scores were assigned to each category and dimension, and to each university. The scores ranged from 1 to 5, 1 being the lowest level of maturity, named “absent”, and 5 the highest level, named “consolidated”. A comparative score graph is presented to illustrate the state of the universities in the study, as shown in Figure 2, and a gap analysis graph in Figure 3.



From Figure 2, it is clear that scores for Spanish universities rank higher on average than those of their Mexican counterparts, with the exception of the private one. Infrastructure and organizational technology do not seem to be a matter of concern. However, there is a clear variation in the level of usage of LKTs. On the other hand, Mexican universities show relatively low scores in ICTs and OCTs. It may be inferred that, regardless of the lack of base technology, there are initiatives to profit from LKTs that are widespread in their communities.



From the information provided in Figure 2, the least advanced situation seems to be that of MU3, and the best one for MU4. However, this does not reflect a good or bad result. It may be an indicator that a newly created university is using alternative ways of offering quality education, despite its administrative restrictions. The one thing that is certain is that the results are clearly polarized in Mexico.



Finally, a dispersion graph, shown in Figure 3, was created to visually map the maturity of each university in a three-dimensional field, and to provide an integrated view of the position of each institution overall.



The graphs shown allow for making a comparison regarding the selected items. Even when the responses show an established rubric result, and it could be thought that it is a qualitative approach, it is relevant to point out that the universities indicated clearly answered the same questions, which makes it possible to compare the state of each university. This provides an opportunity for identifying opportunity areas that may aid school administrators to put in place actions that improve their technological application to strengthen the educational process, with regard to all three dimensions.





4. Discussion


The assessment of the institutions presents very different panoramas in the different universities and, especially in Mexico (a country of great contrasts), there are very varied realities, even among the same public schools, which is why this section of the article will not be framed by a comparative analysis, but rather by the location of challenges, in general, to locate the opportunities within the framework of Sustainable Development Goal 4 and Society 5.0.



The results indicate that the incorporation of technologies in higher education, in the broadest sense (ICT, LKT and OCT), has meant a supposed digital transformation, some challenges (social, formative, political and economic) and “globalization” on the part of the universities that increasingly seek scenarios for all based on quality and equitable education [7,8,28,30]. The universities involved in this research have a strategic plan for the integration of ICT, linked to public policies in the local or national education system. These universities give faculties and higher institutions a certain amount of autonomy in planning, acquiring and responding to ICT needs. It can be seen that the large universities have ICT support units for educational purposes. In Spain, the three universities have a very similar model and are now involved in inter-institutional projects [17]. On the contrary, in Mexico, and depending on the region and state, there are very considerable variations according to the nature of each university [19,20]. The results also indicate that the interoperability and efficiency of the administrative systems, the use of networks and the implementation of virtual platforms not only help the technological dimension, but also the pedagogical and organizational dimensions of the institutions.



The assessment presented by the seven universities leads us to reflect on the training and infrastructure that higher education institutions receive, and provides us with insights to redesign an increasingly socio-economic, sustainable and inclusive system, driven by three dimensions: technological, pedagogical and organizational. The combination of these three dimensions, in physical and cyber physical spaces, gives rise to an approach to technologies based on empowerment and participation (EPT). This set of scenarios helps us move from the fourth industrial revolution to so-called Society 5.0, the “super-intelligent” society, with the aim of adapting to the challenges and needs of the moment, and reformulating the relationship between technologies and society and the relationship between individuals and society mediated by technologies [31], where the fingerprints of these relationships remain [32].



In relation to the teaching–learning processes, the importance of the pedagogical dimension, teacher training and the acquisition of certain digital skills are clearly considered in all seven universities as elements for quality education. In Mexico, this is observed in the existing plans for updating disciplinary and technological knowledge, which vary only according to the resources available to support development and training programs. However, in Spain, the results point to the use of technologies at the initial levels, and the need to acquire digital competences in the various learning processes [9,10,17,21].



However. It is clear that all institutions, regardless of their location, seek the same transformational objectives, that is, to increase their ability to profit from a rich implementation of ICTs, LKTs and OCTs. Nonetheless, the results suggest that the ability to reach such an objective is subject to severe contextual restrictions. Universities in Spain, and their community members, have enough resources to make it happen. Their level of maturity seems to be a function of culture, priorities and will. Thus, the apparent lag for SU2 is not a function of financial or infrastructure restrictions, but a result of a culture that supports the voluntary use of technologies, rather than imposing a university-wide policy enforcement.



Differences among Spanish universities do not seem to be significant, compared to their Mexican public counterparts. The latter seem to be severely constrained by lack of funding, or financial allotment procedures that do not prioritize spending on ICTs nor allow for the continuity of an ICT implementation and display project. This is further negatively affected by the lack of infrastructure in the country, and the precarious financial situation of their community members. A recent analysis, done by MU1 due to the COVID-19 pandemic, determined that close to 20% of its population (that is, approximately 72,000 students) lack either connectivity or a computing device at home. This is a major challenge when planning on blended or online environments that require alternative measures. Furthermore, other universities are located in more rural environments, making it reasonable to assume the situation may be worse.



The particular case of the main private university in Mexico (MU4) that is included in the study, and that appears to have a perfect score, should also be treated carefully. Even when all standards are met, as a result of a well-planned education and technology strategy, there is no perfect final product, nor a guarantee that an appropriate approximation to quality education has been reached. There is a need to clearly analyze the impact of applying technologies on the students, so that real knowledge and skill development can be assessed.



The relevance of access to ICTs and their application for pedagogical purposes is not questionable to foster a quality education and promote the development of the knowledge society. However, it is also noticeable that attaining such goals can be challenging, especially in environments and communities that face harsh economic conditions and severe infrastructure shortages. This is in addition to potential cultural barriers, and administrative obstacles, that result from unfavorable governmental policies, in agreement with SDG 4 [1]. Finding creative ways to overcome such challenges is paramount for those disadvantaged educational institutions so that they can evolve and reduce the digital gap. The problem becomes more complex when it is understood that it spans beyond the institutional domain, being affected by social and economic constraints.




5. Conclusions


The integration and use of technologies in education systems in general, and in teaching processes in particular, is not happening as the digital and 2030 agendas suggest, as research shows. Infrastructure, digital equipment, training, organization and management of technologies, together with the non-acquisition of certain digital technologies, are key elements that persist in the society of the fourth industrial revolution. This phenomenon, coined by Schwab [6], affects all spheres of life. Therefore, the education system is not immune to it, and it is considered necessary to train more interconnected, globalized people in flexible and changing contexts, with skills and competences to adapt to society in the digital age and, in turn, ensure quality and inclusive education. To create a sustainable society and contribute to a true digital transformation, people need knowledge and skills to achieve this under an education for sustainable development approach. In this sense, higher education, as has been pointed out in our research, requires educational, technological and political changes with an ethical commitment to reach the agreements of Agenda 2030 [20,23].



Although there have been extensive studies on the integration of ICT in higher education, most of them address technologies from a technological rather than a pedagogical and organizational point of view. One of the strengths of this work is that the three perspectives—technological, pedagogical and organizational—intersect, as they are inseparable and necessary to consider and evolve the level of ICT integration to a higher level of maturity. Higher education institutions have specificities that should not be ignored. These specificities become even more important when considering the great variety of objectives and cultures that exist in the universe of educational institutions.



After the assessment presented here, the challenge of COVID-19 arrived at the universities. The doubts about the possible adoption of new technologies in the training processes in educational institutions were automatically dispelled as a result of the new reality that conditioned people to establish interactions remotely. People who resisted the use of new technological supports (mobile phones, tablets, computers, platforms, online education), advances in technology (artificial intelligence, robotics, the Internet of Things, cloud computing, etc.) and who were unaware of didactic strategies mediated by technologies from educational software saw how the barriers that prevented this approach quickly vanished to adapt to the new educational panorama, as a result of the effects of COVID-19.



The phrase popularized in the United States, thinking outside the box/out of the box, or the conceptualization of de Bono’s lateral thinking [33], acquired weight in the face of the need to seek solutions, without following traditional logical guidelines, and to acquire alternative instances of resolution by avoiding preconceived ideas. The challenge now is to capitalize on this forced reality, to encourage the processes of adoption of new technologies, but the focus is not only the acquisition of the technological infrastructure, but is, fundamentally, the training of teachers, administrators and directors so that the remote act of communication is transformed into educational teaching strategies. This will result in collaboration networks that better fit the needs of the digital society.



Evidently, this study has plenty of elements that can be improved and need further elaboration. First, SDG 4 implies much more than technological applications. It includes issues like gender equality and empowerment, lifelong learning opportunities, innovation promotion and global partnerships. These issues should be addressed to complement the findings. Additionally, the analysis should be extended to more individuals for each institution, and more institutions in several countries to examine commonalities and differences that could help in planning a digital education agenda. Finally, the instrument can always be modified and improved. All these elements represent opportunities for future research. This paper is an invitation to continue studying the relationship between the dimensions, with a view to reducing the digital gap to support training in universities and to meet the challenges of the Society 5.0.
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Figure 1. Dimensions in digital higher education. 






Figure 1. Dimensions in digital higher education.



[image: Sustainability 12 09069 g001]







[image: Sustainability 12 09069 g002 550] 





Figure 2. Scores by dimension and university. 
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Figure 3. Dispersion chart of university scores in the three dimensions. 
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Table 1. Universities included in the study.
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	University
	Community/State
	Country
	Size
	Funding





	Spanish University 1 (SU1)
	Cataluña
	Spain
	Very large
	Public



	Spanish University 2 (SU2)
	Madrid
	Spain
	Large
	Public



	Spanish University 3 (SU3)
	Madrid
	Spain
	Large
	Public



	Mexican University 1 (MU1)
	México City
	Mexico
	Very large
	Public



	Mexican University 2 (MU2)
	Chiapas
	Mexico
	Large
	Public



	Mexican University 3 (MU3)
	Quintana Roo
	Mexico
	Small
	Public



	Mexican University 4 (MU4)
	Nuevo Leon
	Mexico
	Very large
	Private
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