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Abstract

:

Rapid technological evolution defines the first two decades of the millennium. This phenomenon has increased the digital gap, disparities, and inequalities in global and local contexts. This paper reports a systematic literature mapping of 180 articles published from 2000 to 2021 discussing the digital gap. The documents were retrieved using boolean operations in two databases, adding terms related to gender, age, ethnicity, and disabilities, focusing on population groups that are especially vulnerable to the effects of this phenomenon. The method included categorizing the retrieved documents to provide a general view of the most concerning topics in the academic and research community. This analysis concludes (a) the approaches to address this topic are diverse, as this is a multilayered, complex, and interconnected issue; (b) many studies refer to developed countries; however, fewer are those who observe or analyze the underdeveloped regions; (c) the majority of published papers in the last decade report information and communication technologies (ICT) and their role in bridging the gap, showing an opportunity area for designing these technologies considering more accessible approaches through flexible technology approaches; (d) this study’s results are a valuable source of information to identify the design requirements for accessible products and service systems. The last section provides a detailed explanation of the findings.
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1. Introduction


This paper offers an overview of studies regarding the increasing breach between those who have full access to technology and those who do not—understanding that equal access to information and communication technologies (ICTs) and the available resources and skills to receive their benefits is crucial for sustainable changes. During the last 20 years, many scholars and researchers have identified its causes, consequences, and ubiquity in time, space, context, and correlation with other divisions and inequalities, such as poverty, illiteracy, lack of skills, age, gender, ubiquity, etc. The World Economic Forum defines digital gaps as “the differential ability to access data and digital technologies” [1]. It correlates closely to inequalities in the availability and access to technology, and it varies depending on the economic development and cultural dimensions of the world’s regions [2]. In April 2021, the UN Deputy Secretary-General, Amina Mohammed, addressed the General Assembly with an important statement: the digital gap is “the new face of inequality” [3]. This inequality does have two sides of a coin: the cause and the effect.



The term “digital gap” is observed in this research as the cause of the unavailability of equipment and lack of skills to effectively use ICTs. More than 87% of the population in high-income countries have access to the internet, compared to less than 17% in low-income nations. That considerable difference brings other types of gaps; for instance, in 2019, the United Arab Emirates reported more than 200 mobile cellular subscriptions for every 100 people, a 2:1 rate. On the other hand, Latin America and the Caribbean (excluding high-income persons) reported 98 per every 100 people [4]. The disconnection between the benefits of connectivity and its availability cause severe limitations in people who find themselves far from the possibility of understanding how to use technology in their favour. Despite that, as some researchers point out, even when people might have a computer or online connection at reach, it is not safe to assume that this condition implies the skills or capacity to use those tools and resources [5].



The digital divide phenomenon, then, is the consequence of such breach; the World Economic Forum explains this occurs “where the impact ICT has on one’s life is influenced by ‘soft’ inequalities rather than physical access alone” [6]. The division is evidence of the lack of opportunities and access to services, information, and life quality. This paper is mapping documents founded using the term “digital gap” to refer only to the group of causes and, therefore, it is not considering the term “digital divide” that is viewed as a consequence. Studying people who do not have access to ICTs in combination with regions lacking resources and infrastructure such as broadband service, offers a closer look at what has been studied and written on alternatives to increase availability and accessibility for an effective ICT use.



Because of the COVID-19 pandemic, this issue has garnered even more attention in the media and the academic field [7]. However, it is not a new matter; researchers and activists have been diagnosing this problem and urging companies and governments to take action. Sustainable Development Goal 4 aims to “ensure inclusive and equitable quality education and promote lifelong learning opportunities for all.” Target 4.5 focuses on eliminating disparities in education and ensuring equal access to vulnerable groups, including persons with disabilities, indigenous peoples, women, and those who “require particular attention” [8].



Even though governments have committed to reaching equal access to education (by adopting the 2030 Agenda for Sustainable Development [9] in 2015), there is an existing sociocultural breach that has a significant impact on the current state of the educational context in the less developed regions of the world [10] (p. 132). The reality for some communities is an urgent need to build and integrate the conditions to bring training, development, jobs, health services, and distance learning closer to people [11] (p. 459). According to some researchers, the primary task should be social integration by providing infrastructure—from broadband access to electronic devices—to increase their possibilities of reaching better jobs, therefore, an improved life quality [12] (p. 22).



When analyzing the digital gap and the digital divide, some researchers point out that it is essential “to look into the analyzed process from the individual perspective (e.g., the biographical background of persons who do not use ICT) and consider the factors present in certain regions, countries or education systems and cultures.” [13] (p. 1). Because of their opportunities, educational context, and acceptance or proximity to technological devices, the groups who lack opportunities to use technology to improve their livelihoods [14] include senior citizens, people with disabilities, indigenous groups (first nations), and women. Indeed, other conditions such as immigration and poverty might also affect the reach to ICTs; although, those are often linked to some of the previously mentioned groups.



The 2020 GSMA Report [15], which reported a survey of women and men in 23 low-and middle-income countries across Asia, Africa, and Latin America, showed that women were 10% less likely to own a mobile phone than men. Additionally, the survey found that women were 26% less likely to use mobile internet than men. It means that at least 1.2 million women are not using the internet regularly.



Both accessibility (having the ICTs and equipment at reach), and availability (having the infrastructure and service capability that allows ICTs to function correctly), are causing this gap to increase as time passes and technology evolves. Along these lines, Vial [16] did a review within an inductive framework and concluded that organizations would need “to implement responses to gain or maintain their competitive advantage.” However, in a 2019 study in the Netherlands, a country where 98% of the population has at-home internet access, the authors found that even there the impact of “age, gender, majority status, employment, education level, and household composition” [17] (p. 3069) contributed to a digital divide. In addition, lack of internet availability and disadvantaged geographic location [18] increase the gap for vulnerable groups. Thus, as the study concludes, an in-depth understanding of how companies adapt designs and strategies to face changes and challenges is urgent.



Sustainability is another relevant consideration for inclusive policies and strategies regarding the digital gap. Many authors and activists warn about focusing only on profit and revenues. Others have agreed that digitalization promotes sustainable economies [19,20]. Moreover, beyond inclusion per se are the reflections and notions that will lead to sustainability [21] through policy and decision-making. For many years the digital gap appeared to be a problem only in developing countries [22]. Now we know that this problem affects an increasing number of people and regional development. Consequently, public policies are shifting [23] from a centralized perspective to one focused on access and integration.



To reach such levels of integration between capabilities and resources, academic researchers, decision-makers, company directors, and policy vigilantes must ensure the right combination of facilitating, promoting, and fostering ways to make ICTs accessible for people. Besides policies, actions, and initiatives created to promote digital inclusion, there are also opportunities to take advantage of the existing efforts in technology research and development, whose results may help evolve together as an equal society and observe the needs of individuals [24]. To become change agents, ICT innovators and developers should provide effective use of technologies, aligning it with inclusion strategies and scenarios created in which ICTs can be used in skills acquisition for vulnerable groups [25] (p. 2). Ensuring that people (that so far have been ignored in the connectivity development plans) are not overlooked in the immediate future might bring opportunities. Improving some new technologies faster, such as artificial intelligence, machine learning, terahertz communications, 3D augmented reality, virtual reality, and haptics, to name a few [26], could be a consequence of integrating new features.



As part of ongoing research that focuses on understanding how technology, products, and services (with the capabilities for being intelligent, sensing, responsive, etc.) can help bridge the gap, this paper shows as a significant finding that there are two forms of addressing the digital gap issue. On the one hand, most of the retrieved studies discuss a digital divide diagnosis in a region, culture, or social group; the emphasis is in describing the effect, consequences and, in some cases, the recommendations to take action. On the other hand, the minority of papers discuss the level of technology acceptance, presenting an issue of ICTs that has been proven in a context and reporting how it worked among a group of people. These two descriptions observe and analyze the adaptability of people to existing technologies. Just a few studies offer alternatives to understand better and use those technologies conceived to be accessible and inclusive.



It might be due to standardization purposes—which has been the shared priority for the last years in industry [27]—technological devices are designed for a false majority, which is the typical technology users. That is a possible reason why a few documents were founded describing accessible and inclusive technologies in this mapping. However, today’s tools and perspectives (autonomy, machine learning, big data, IoT, etc. [28,29,30]) allow us to change our intentions and scopes, integrating non-typical users of technology in the design considerations and requirements for products and services in the Industry 4.0 era [31,32,33,34].



This paper aims to build an integrated vision of the descriptions and perceptions on the digital gap and the divide caused by it throughout the publications of this century as a starting point for typifying the design requirements for flexible technology integration. Other mappings have offered a view of implications and strategies [35] to cope with the phenomenon consequences and its impact, bringing structure to the concept and the relevant interconnections with other issues [36,37]. Several mappings focus on social inequalities [38,39] and education reach [40,41]. Additionally, systematic literature reviews on this issue offer a set of conceptualizations’ evolution descriptions [42], the status of a specific dimension of the phenomenon [43], and some referring to vulnerable groups [37,44,45]. The mapping presented in this article and the correspondent analysis focuses on identifying the papers offering a view on vulnerable populations, including them in a single group. It is also relevant for this approach to observe the possibilities scope reported on in the retrieved papers. The conclusions refer to the educational practice and research implications, along with the limits of this study and future research opportunities and possible directions.




2. Methods


2.1. Context


To learn and identify the strategies and ways to offer accessible approaches to the design of technological devices and ICTs, we must build an integrated perspective on how this issue has been attended. This systematic mapping focuses on vulnerable groups and the digital gap concept to assess the progress in academic research towards acknowledging its scale and implications as a form of discrimination. This mapping is part of ongoing research pursuing validated tools for the Smart, Sensing and Sustainable Products and Services Systems (S3PSS) [46,47,48,49], observing the requirements of flexible technology integration [50] for those who are considered non-typical users of technology [51]. This consideration includes individuals who suffer or at least experience a digital gap due to lacking resources, literacy, or skills to fully use and benefit from technological devices in the perspective of S3PSS.



On the other hand, typical users of technology and technological devices should be those individuals who have access to use and benefit from intelligent, sensing, and innovative products, services, and systems. It also includes individuals who have full access to connectivity and information to learn or acquire technological literacy or skills to benefit from specialized products, services, and systems.



Building a framework and setting the contribution of research, it is crucial to identify the state-of-the-art approaches and conceptualizations of a field of study. In general terms, a systematic mapping and its subsequent systematic review summarize the studies about a specific topic. They can also identify knowledge gaps in current research and consequently highlight opportunity areas for further investigation while building a framework to plan new research activities [52]. The systematic literature mapping (SLM) method followed in this paper aimed to create a general view of the digital gap as a subject of study but also include relevant terms for a detailed view on the relations and tensions in this topic. It also facilitated a later systematic literature review (SLR) of the available literature. Both processes make it possible to understand the most challenging elements of an S3PSS for non-typical users of technological devices [53].




2.2. Framework


It is worth mentioning that systematic literature mapping and a systematic review of literature are different processes with different objectives. The first process in building the overall framework for research should be an SLM. It brings structure to the documents retrieved in a reference search, analyzing the “type of research reports and results that have been published by categorizing them (and obtaining) a visual summary, the map, of its results” [54] (p. 2). Thus, the SRL is a secondary process that aims to build a reference framework and assess the potential contribution of given research through an in-depth literature review of research methodology and results.



For this paper, we used a protocol taken from Kitchenham’s proposal [52] and observed others [55] who successfully conducted systematic mappings in the same stages. Figure 1 is a schematic representation of the protocol followed for this review. The methodological process in this SLM protocol includes defined stages and steps [56] suitable for the main research area: design and engineering. It also allows this work to connect with other disciplines, which is useful for further diverse studies. Designing a protocol, conducting a review, and assessing it are three different stages, with defined steps for each one. In the planning stage, the first step is identifying the topic for the primary research, and the second must be the protocol development.



The conceptual framework, defined by Jabareen as “interlinked concepts that together provide a comprehensive understanding of a phenomenon or phenomena” [57], guides the building process of an SLM. To identify the research terms or the “concepts linkage”, we made various attempts to find the right combination of keywords and criteria for the database search of the documents. The related terms were evident at the beginning of this work because there was a prior intention to map the digital gap. However, it became clear that the digital gaps exist in various situations, contexts, and among groups of people [58].



Although a quick search in Scopus found that the term “digital gap” drew 408 document results (Title, Keywords, Abstract), we were concerned about not obtaining valuable sources for mapping those documents. A second search using the terms “digital gap” AND “inclusion” helped refine the search, resulting in only 40 papers. It was helpful to observe that the initial search increased 1,459 document results when using the search query: ((“digital gap”) OR (“technological gap”)).



After searching with other combinations, it became clear that to narrow the search to a manageable number; the query should be related to vulnerable groups who have experienced or coped with the digital gap since the beginning of the millennium, thus, looking at documents from 2000 to the present [13]. The final additional terms for the search were “gender” [59], “age *” [60], “rural” [61], and “disab *” [62].



The search queries in both databases, being ((“digital gap”) OR (“technological gap”) AND ((gender) OR (age *) OR (rura l*) OR (disab *))), lead to 89 results in WOS and 137 in Scopus; 226 results in total. There were 46 duplicate documents eliminated, leaving 180 unique documents. Then, a thorough revision results in the exclusion of 22 documents due to documents referring to other definitions of digital gap (used in fields such as chemistry or dentistry) or technological gap (defined as lack of advanced machinery) and one unretrievable document (with missing data). Based on the PRISMA Statement [63] Figure 2 shows the papers’ selection and refining process.



For the second step, we selected studies from two bibliometric databases, Scopus and Web of Science, to balance the retrieved disciplines and include Humanities, Social Sciences, Engineering, Sciences, and Life Sciences [64,65]. These databases are complementary yet not mutually exclusive; using both brings an advantage of having two sources of information that are “different in scope, data volume and coverage policies […], by including a greater number of journals, papers and signatures.” [66] (p. 8). Despite other databases that might be helpful for this task, the research team agrees with the conclusion of a 2021 study that states that Web of Science and Scopus are “remain the two major and most comprehensive sources of publication metadata and impact indicators.” [67] (p. 47). The amount and quality of the retrieved papers confirm that every field of interest, the required language for the analysis, and the results volume are suitable and adequate for this research task.



Due to feasibility factors, it was convenient to retrieve only articles from journals, excluding books, conferences’ proceedings, reviews, editorial materials, and emerging sources or under-review papers. This type of search restriction has a double purpose; the first entails time and resources available for reviewing documents. The second one relates to only mapping peer-reviewed papers [68].



The protocol of Petersen et al. [54] has the definition of research questions as a primary step for a rigorous systematic mapping study. We defined six research questions (RQs), described in the following section. These RQs led the mapping from stage three and beyond in a second process to reach a more comprehensive understanding of the digital gap phenomenon. The third stage prescribes a quality assessment of the retrieved documents in both databases.



The data extraction and monitoring process facilitate the answers to the research questions. This stage’s work adds layers of information, leading to identifying categories, approaches, and priorities for the systematic literature review (SLR), narrowing the number and diversity of the documents to be analyzed. Finally, data synthesis, which has a close relationship with the research questions, guided the decision-making process of the previous stages. For the data extraction and synthesis, the RQs represented the task’s core: attaining a summary and providing the input for the SLR.




2.3. Definition of Scope


Following the work of Kitchenman et al. [69], our research questions targeted the articles’ topics, allowing the construction of a conceptual framework of flexible technological integration to reduce or bridge the digital gap. This research also highlighted some research trends and opportunities for future research. Table 1 shows the RQs and the desired outcome for each.



This SLM aimed to gather helpful information about the requirements for the design of S3PSS. Therefore, the RQs’ outcomes should help better understand how to address the digital gap and the remaining gaps in the years to come. Accordingly, the RQs facilitate learning about the inequalities caused by the digital gap in specific world regions. In addition, the categories and subcategories identified in the retrieved literature conveniently throw light on available literature about accessible, integrated technology. Table 2 describes the strategy and the criteria descriptions that arrived at the 158 documents used to answer the research questions.





3. Extraction of Relevant Findings from Articles


The data retrieved from both databases included the author, title, year, abstract, source title, citations, author’s affiliation, and country. The analysis for the findings identification was made using a spreadsheet to categorize the information and answer the research questions. For the data extraction, categorizations were created from the information provided in a first step from the title, in a second review from abstracts. When needed, the full text was used for clarification.



As data extraction has to involve useful and defined categories, which must add value to answer the research questions, we followed Petersen et al. recommendations on the evolution of classification schemes while doing the data extraction, like adding new or merging or splitting existing ones [54]. The starting point was the topics related to the keywords used in the search strings, used as categories that were combined and redefined as needed to extract relevant and constructive findings.



Content analysis, a qualitative technique for making inferences from a focal text in a social context in an objective manner [70], was used for the data extraction. The components considered were both mechanical and interpretative; the first for the data organization into the categories, and the second to determine the critical data for answering the research questions. As it is required to avoid any bias in the analysis, a triangulation with three peers [71] was performed to clarify possible answers to the queries and research questions. In case of discrepancies, the peers reviewed the information, reached agreements on answer selections, and approached 100% data verification. For the answers synthesis, graphic representations were generated to summarize each RQ analysis presented in this report. The analysis data are presented in an integrated spreadsheet, including an ID number to identify every paper correctly, facilitating referring to them throughout this report. The dataset is available and open at https://repositorio.tec.mx/handle/11285/638751 (accessed on 10 November 2021).



The categorization of the data followed the RQ analysis, starting with the identification of the methodology for each paper, throughout a search of relevant information to extract the documents that discuss ICT development or implementation for the accessibility and the inclusion of vulnerable populations as an attempt to bridge the digital gap. In Section 6, for the SLR to be performed as a future study continuing this work, the PRISMA Statement workflow chart shows the selection and depuration f the retrieved and mapped documents.



3.1. RQ1a: How Many Studies Are in the WOS and Scopus Databases from 2000 to 2021; RQ1b: Which Approach Was Used for the Research in the Articles?


The filtered database contains 158 documents that form the mapping core material. The classification for the type of study came from the abstract or the keywords and title when needed. Some abstracts were unclear about the approach, and in fewer cases, reviewing the article corpus for more information was required. Figure 3 shows that the approach distribution in the papers is relatively even, between qualitative, quantitative, and mixed methods.



The selected documents shed light on the diversity of approaches for this topic’s study, allowing us to observe that some papers report empirical evidence on technological acceptance. In contrast, others account for a disparities description among certain world regions and some population groups. However, there is no relation between the approach type and the journal theme content. This information helps to understand the issue’s multidimensionality and the diversity of possibilities to embrace its solution.




3.2. RQ2: Which Are the Most Cited Papers?


The most cited papers shared a specific quality: they referred to a digital divide diagnosis in the European Union. The publishing journals with the first five most cited papers were (a) Energy Economics; (b) Empirical Economics; (c) Telecommunications Policy; (d) Information and Management (with two papers); (e) Universal Access in the Information Society. The top three most cited articles were paper ID 105, with 151 citations; ID 106 (from the same author) with 126 citations; paper ID 150, cited 114 times. Those papers leading in citations concur that the European Union countries have a digital divide.



Fewer citations happen for papers in every ranking quartile. Table 3 shows the most cited journals with the article ID number. The list shows that only ID 150 belongs to journals with more than three publications on this topic and the most cited papers. Additionally, there are 40 non-cited articles on the list and 27 papers cited once. Non-cited and less-cited publications did not correlate to the journals’ ranking or the attended issues.




3.3. RQ3: What Is the Geographical Distribution of the Principal Authors?


It is interesting to observe that the digital gap is a global concern, but the developed nations are mostly leading the discussion. Many articles in the search discussed the digital gap (or technological division) in specific regions or among the population of a given country. However, fewer observations took place in underdeveloped countries: only ten from South America, there was one paper from Brazil, two from Colombia, one from Peru, one from the Dominican Republic, and five from Chile. Additionally, the search retrieved six articles referring to African contexts: one from Egypt, one from Ganha, another from Uganda, and three from Nigeria. There were six papers from Malaysia, one from Indonesia, and another from Australia.



Of the 134 papers published by authors from countries in the northern hemisphere, 37 were from Spain, which is the most frequent result in the search by geographic distribution(Figure 4). Spain’s predominance is evident in the highlighted regions in Figure 3, where one can observe that most papers came from European countries.



The disparity mentioned above occurs in a timelapse of more than two decades. Although it was found that 22 papers from underdeveloped or developing countries show consistency in specific topics of interest: 19 of them discuss ICTs, 14 articles include a discussion on social issues, and 11 documents also focus on education. There could be a possible relation between the attention to the digital division caused by the digital gap and people’s coverage and access to connectivity or ICTs. A possible inference is that regions without availability and accessibility to ICTs are mainly centred on equal essential services for people. In developed countries, the focus can be related to more complex access to specific groups. Possible future work might address its efforts on answering this assumption.



Interestingly, the GSMA web page displays a Mobile IoT Deployment Map showing that the global coverage of technology allowing devices to communicate with each other covers mainly developed regions and developing countries. Other areas, like most African countries, a large part of Latin America, and some Asian countries lack the infrastructure that allows higher levels of technological impact and its benefits.



As mentioned earlier, despite the availability of coverage, the digital divide exists. When comparing the geographical distribution of the principal authors’ map (Figure 3) and the Mobile IoT Deployment Map from the GSMA “Internet of Things” report [72], one can observe that the discussion around the digital gap occurs in regions that already have services and infrastructure. Additionally, it becomes clear that those countries that are not studying the digital gap are also far away from the possibility of providing digital training and education for their people.




3.4. RQ4a: Which Journals Publish More Articles on This Topic?; RQ4b: What Are the Journal Rankings?


The results highlighted that there are considerable differences in citations for some articles. The number of article citations can measure the relevance of the mapped papers. Additionally, the journal’s ranking is pertinent for this mapping; the journals’ permanence shows that this topic has transversal relevance. Nevertheless, in the quartile journals’ ranking (Figure 5), this SLM showed no significant differences among the ranking distribution.



There were 67 journals indexed in the first quartile, two of the three with more than two publications on this topic. The third journal with more than two publications on the digital gap was in the second quartile and 25 more journals. There were 32 journals ranked as Q3 and 23 in Q4; 10 journals lacked available data on their rankings.



One finding from this analysis is the topic’s relevance as an antecedent to identify possibilities and challenges towards eliminating or reducing the digital gap. The sum of the Q1 group’s citations of the articles in this group sums up 1166 citations, having only 12 papers with no citations. Otherwise, the total of Q2, Q3, and Q4 showed 235 citations. The findings are valuable for researchers exploring the topics addressed in this mapping to select a suitable journal for their research.




3.5. RQ5: What Are the Topics in This Research Area?


Topics categories came from the search terms referring to vulnerable groups: gender [59,73], older citizens [74,75,76], indigenous peoples (or first nations) [44,77], and people with disabilities [1,8]. When discussing equity and inclusion, the latter is an approach to remediate the lack of equity and insert fairness in a context [78,79]. Consequently, the second group of topics helped categorize the mapped documents: the context in which the vulnerable groups mentioned above experienced the digital gap: social, educational [80,81], ICT [82], and economic [17]. The items used for the mapping were, in order of priority: (a) author’s keywords; (b) database keywords (applicable only for WOS); (c) title; (d) abstract; (e) full article text.



For the categorization, additional terms referring to the same topic were added. Table 4 explains the terms for each topic category. These were arranged in triennial groups (i.e., three-year periods) to observe the evolution of the subject through the first two decades of the 21st century. It is worth mentioning that the findings were close to what we expected concerning the non-existence of published papers on some topics like disability or gender in the first triennial periods.



Addressing issues such as gender, ageing and ethnics, or rural contexts, can shed light on prospects for future forms of answering to the demands represented by these groups. A relevant finding was the low prevalence of papers on ageing, gender, or ethnicities in the last years. At the same time, the social dimension increased exponentially (see Figure 6) as there is an evident absence of attention to important topics that might need further consideration.



The analysis also revealed a few articles on economic issues throughout the past 20 years. A relatively low number of papers on this topic might be linked to a lack of understanding of the opportunities to create accessible technology to foster sustainable solutions for global and complex problems, such as health and safety. Future research can address efforts towards connecting possibilities from including vulnerable groups to increase the impact and coverage of social services in a sustainable combination throughout time and frontiers. By ideating and creating accessible S3SPP, future innovation and development can take technology closer to a broader impact with inclusive solutions.




3.6. RQ6: Which Papers Discuss Accessible or Flexible Technology and Digital Gap Diagnostic?


As mentioned before, flexible technology integration aims “to fully involve the human during the entire system-engineering process” [83]. This research selected 65 documents focusing on accessible technology (Figure 7), and 114 reporting a digital divide in some world regions, the European Union, the most common.



The categorization revealed that 21 articles explored both topics. It is noteworthy that not every paper addressed a specific technology or one that could be categorized as flexible or having a seamless human–system integration [50]. A second process of delimiting with the inclusion and exclusion criteria [84] determined the articles to review for the SLR; a crucial criterion is including only those papers reporting empirical evidence of implementing flexible technology with human–system integration.





4. Discussion


Several questions emerged during the analysis, some to discuss in future studies; others, arising from the research, led the discussions. The ultimate goal of this research was to identify empirical evidence of efforts to facilitate bridging the digital divide. The digital gap has various causes, consequences, and interconnected issues. The reasons are often related to the availability of ICTs and infrastructure for those technologies to function fully. At the same time, the consequences are seen on a deep division in people’s life quality. The mapping showed no specific research approach for the studies in this area, and there was a vast diversity in the applications and orientations among the retrieved papers. As many have stated before, the digital gap is not a problem that affects only a few people; on the contrary, as the world expands through ICT, the digital gap manifests in various contexts for many reasons [19,85]. Therefore it must be observed and studied from multiple perspectives and orientations. Researchers might use qualitative, quantitative, or mixed methods to describe the tangle of factors and scenarios involved.



A crucial finding of this work was observing who is taking the lead in analyzing the digital gap. RQ3 led to evidence that less developed countries in Africa, Asia, and Latin America are not discussing this issue. In addition, some studies indicated that even in developed countries, there were manifestations and consequences of the gap [20]. Consequently, to include the world’s poorest regions needs and perspectives is required to develop comprehensive solutions to the digital gap problem [41]. One initial consideration could be a possible bias in the results due to under-representing studies in the world’s most impoverished areas. This disparity could keep concerning the states’ capabilities to invest and offer ICTs, studying that could be a matter for future studies to cover.



Considering the current state of education, one might have inferred an increasing interest in this topic before this mapping. However, only one journal has published six articles on this topic, and one has five pieces; one journal ranks in the first quartile and the other in the second. On the one hand, publishing articles on a topic increasingly researched during the decade is probably one of the journals’ objectives [84]. On the other hand, we found that no one particular journal led with an absolute majority of publications on the digital gap topic, even though the analysis confirmed the initial supposition that the number of articles increased throughout the time. Therefore, future researchers could consider choosing any journal from the first quartile, addressing this issue from any possible perspective, according to the journal’s topic.



In addition, the grouping of articles for RQ5 revealed that some categories of the cluster “vulnerable population” emerged during the second decade of this century; others are discussing “context” increased as well. For instance, the categories “disability” and “gender” have been visible only since 2009. The number in the category “economics” increased but fewer compared to “social” and “ICT,” the latter being the most extensive group in the categories list. The growth of ICTs correlates closely with the digital transformation that the world has experienced in the last decade [18], which has aimed to answer emerging needs or perform operations more efficiently [17] (p. 124). The growth of topics and discussions about the digital gap highlights the interconnections and exponential impact in various contexts, levels, and dimensions; consequently, researchers must continue studies for justice and people’s legitimate rights worldwide.



For the last research question, RQ6, the second categorization narrowed the work to the next stage: the systematic literature review. The majority of pieces reported a digital divide diagnosis, and 64 pieces presented empirical evidence of ICT implemented to improve the access and equity of its users, one-third of them written to diagnose the digital divide in a specific group or region. Digital inequalities among disadvantaged communities are complex problems with many interconnected layers [58]. Flexible or adaptable technology [50] for non-typical users [53] or vulnerable populations could mitigate or eliminate the digital divide. The SLR will be focused on the 34 papers that offered a view of those efforts to close the gap through information and communication technologies.




5. Implications, Limitations, and Future Work


For the educational practice, this mapping’s implications rely on including the design considerations for inclusive and accessible ICTs in the design or engineering programs. Addressing the ICTs design in a diverse approach might foster students’ innovation capabilities and sensibility towards vulnerable populations during the design process.



For the design practice, decision-making, and policy agenda, the findings presented in this document imply that there is a possibility of bridging the digital gap using technology as a responsive, empathetic tool. Reaching the Sustainable Development Goal 4 is not just about facilitating broadband services or accessible devices but allowing people to acquire capabilities in the trial-and-error process. Allowing everyone to thrive and achieve skills that will improve their livelihoods will bring equity in education and better opportunities through technology development for a more promising future.



Regarding this paper’s contribution, we intend to provide a framework for the design methods developed for the research community that will consider the requirements linked to non-typical users’ characteristics and skills during the design process. One of this work’s limitations is not including other languages than Spanish and English in the mapping. Further research might follow the methodology to cover this aspect, finding other studies regarding accessible and inclusive ICTs to close the digital gap.



Another limitation of this mapping is using only two databases: Web of Science and Scopus. These two were selected because the two databases are diverse in the representation of topics and are considered both wide and comprehensive enough as sources of publication metadata and impact indicators. However, using other databases should complement in-depth and scope the findings reported here.



As mentioned above, this mapping will continue with the correspondent systematic literature review, which will use 64 of the 158 documents retrieved from the initial search. Those papers have been screened to identify the 34 articles discussing or reporting accessible or inclusive approaches or strategies that use ICTs to address vulnerable populations. A quality assessment will be performed to characterize the ICTs’ features to build a framework for self-adaptable products and service systems through the consideration of those behind the digital gap: older adults, people with disabilities, indigenous peoples, or women, who suffer a digital divide.




6. Conclusions


This document presents a mapping of 180 papers published in the first 21 years of the 21st century about the digital gap and vulnerable people. The analysis revealed how this had become an increasing concern among scholars and researchers and the topics that have gained attention while others still can be studied in depth. The impact and consequences of the inequalities caused by the digital gap still have some research opportunities, primarily focusing on topics related to various worldwide contexts among disadvantaged groups of people, including older adults, people with some disabilities, marginalized women, or indigenous peoples.



A first finding showed that digital gap studies are a transversal topic due to the equivalence in numbers on qualitative, quantitative, and mixed methods applied to the studies. This issue shows a multifactorial origin, affecting access, resources availability, literacy, skills, capabilities, and even location in a diversity of unequal contexts and environments where it occurs. These environments might be social, economic, or educational and related to justice and rights, productivity, health, and interactions. Thus, a meaningful conclusion is a comprehension that to increase the solutions effectiveness, approaches and tools must be transdisciplinary to assure attending the highest number of factors and constraints in creating accessible strategies and initiatives to bridge this gap.



Most papers and the most cited ones belong to authors from the European Union, followed by other developing or developed Asian and North American countries. Hence, there is a possible underrepresentation of the less developed or emerging countries. Consequently, for future work, it is required to comprehend how the digital divide issue is attended as a phenomenon causing a divide in those regions that were not founded in this study. Researchers interested in building a more holistic vision of this issue could perform a future analysis using keywords related to those contexts or world regions to understand this problem worldwide.



During the last two decades, the evolution of topics showed that most published studies present empirical evidence of ICTs implementation. There is an opportunity to group those articles into two categories: research on flexible technology to achieve inclusivity or equity and articles reporting technology acceptance. The selected documents for an SLR in future work come from the first group following the protocol of identifying the state-of-the-art, flexible, integrated technology to benefit the non-typical user. It was found that the fewer documents in this mapping report this type of technology, so the review will focus on the description of ICTs built for accessibility and inclusion.



Consequently, it is possible to infer that a novel approach and an innovation opportunity is designing ICTs for accessibility and inclusion. A potential field of research is addressing the digital divide problem in an unusual direction: starting with what can be achieved by vulnerable groups, not by patronizing their abilities, but by truly understanding their context and needs before the design process, allowing them to catch up faster with socio-technical transitions. In order to do that, it is required to understand what has been done in ICT development, especially for vulnerable groups, and what can still be done to address this issue.



Finally, from this SLM, it was possible to conclude that the findings and results are valuable to identify the design requirements for inclusive products and service systems in the S3PSS construct because it is possible to determine the digital gap’s impact on 21st-century society as a modern form of inequality. It becomes urgent to visualize the possible alternatives to mitigate or eliminate the gap.



As a potential solution to bridge the digital gap, we propose taking the information generated by individuals from vulnerable groups to understand their needs and struggles when interacting with technological devices. The most common interactions and behaviour from a novel or untrained user with these artefacts and their interfaces might provide keys for accessibility, inclusion, and affordability in the ICTs. Regarding this, it was observed that the smallest number of papers describe ICTs features or characteristics that offer solutions for people that might be experiencing the digital gap.



A substantial contribution for innovation in ICTs devices design can be reached if the combination of schemes followed by the studies reporting these solutions is used to identify the better solutions: the most accessible, inclusive, and affordable ones. Throughout a systematic literature review that will be conducted a future work, those schemes, and answers will be analyzed searching design methods and techniques that might uphold controlled, replicable, and predictable results in the innovative technological solutions for the emerging problems of people around the world.
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Figure 1. Diagram of protocol process from Kitchenham’s proposal [52]. 
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Figure 2. PRISMA 2009 flow diagram for the systematic literature mapping. 
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Figure 3. Filtered database. 






Figure 3. Filtered database.



[image: Sustainability 14 01297 g003]







[image: Sustainability 14 01297 g004 550] 





Figure 4. Geographical distribution of principal authors. 
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Figure 5. The proportion of ranking in publishing journals. 
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Figure 6. Topics in articles across time by triennial groups. 
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Figure 7. The number of articles addressing the digital gap or strategies to bridge the digital gap. 
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Table 1. Research questions for the SLM.
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	Research Questions
	Desired Outcome





	RQ1a: How many studies are in the WOS and Scopusdatabases from 2000 to 2021?

RQ1b: Which approach was used for the research in the articles found?
	A number of pieces in Scopus and WOS

Number of duplicate articles

Number of qualitative studies

Number of quantitative studies

Number of mixed-methods studies



	RQ2: Who are the authors of the most cited articles?
	Most cited authors

Most cited articles



	RQ3: What is the geographical distribution of the principal authors?
	Countries where the authors are from

Countries in which the issue is a common concern



	RQ4a: Which journals publish the most articles on this topic?

RQ4b: What are the journals’ rankings?
	Journals and publications

Journals’ rankings: Q1, Q2, Q3, Q4 (or not available)



	RQ5: What are the topics in this research area?
	Who suffers from the digital gap and in which environments



	RQ6: What are the opportunity areas in this line of research?
	Accessible or flexible technology strategies and digital divide diagnosis










[image: Table] 





Table 2. Search strategy for the SLM.
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	Strategy
	Description





	Databases
	WoS and Scopus



	Search string or

Keywords in Web of Science database
	Topic in (SCI-EXPANDED), Social Sciences Citation Index (SSCI), Arts & Humanities Citation Index (A&HCI):

“digital gap” OR “technological gap” AND gender OR age * OR rural * OR disab *

Refined By: Document Types: ArticlesWeb of Science Index: Social Sciences Citation Index (SSCI) or Science Citation Index Expanded (SCI-EXPANDED) or Arts & Humanities Citation Index (A&HCI) NOT Document Types: Proceedings Papers or Early Access. Timespan: 01 January 2000 to 01 August 2021



	Search string or

Keywords in Scopus database
	Article title, Abstract, Keywords:

“digital gap” OR “technological gap” AND gender OR age * OR rural * OR disab * Refined by: PUBYEAR > 1999 AND LIMIT-TO DOCTYPE, “article” AND LIMIT-TO “journal.”



	Timeframe
	2000 to 2021 (1 August)



	Document type
	Article



	Language
	All



	Study field
	Unspecified



	Type of access
	Unspecified



	Inclusion criteria
	Primary studies about digital gap

Studies describing the digital gap related to age, gender, rural (context) and disabilities.

Only articles in journals



	Exclusion criteria
	Duplicate articles of the same research

Studies without complete data (unretrievable documents)

Studies unrelated to the concept of the digital gap in technology access

Systematic literature mappings
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Table 3. Most cited papers in journals with more than three publications.






Table 3. Most cited papers in journals with more than three publications.





	
Journal

	
ID

	
Cited

	
Quartile






	
Sustainability

	
22

	
16

	
Q2




	
124

	
4




	
83

	
3




	
23

	
2




	
126

	
1




	
Telecommunications Policy

	
150

	
114

	
Q1




	
84

	
20




	
56

	
3




	
115

	
1




	
45

	
0




	
152

	
0




	
Universal Access in the Information Society

	
73

	
70

	
Q1




	
61

	
3




	
7

	
0




	
53

	
0
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Table 4. Key terms for categorization.






Table 4. Key terms for categorization.





	
Cluster

	
Categorization Topic

	
Key Terms






	
Context

	
Social

	
Divide; justice; inclu (for inclusive, inclusion); equity.




	
Education

	
educ (for education, educational); learn (for learner or learning); skill, teach (for teacher, teaching, teach)

literacy; train (for training, trainer, trainee); scho (for scholar, school); student.




	
Information and Communication Technologies

	
ICT; comm (for communication, communications); tech (for technology, technologies, technological); internet.




	
Economic

	
econom (for economy, economics, economic); financ (for finance or financial); product (for production, productivity, products).




	
Vulnerable population

	
Gender

	
wom (for woman or women); gender; femini (for feminist or feminism).




	
Age

	
old (also for older); age (also for ageing); elder (also for elderly).




	
Disabilities

	
disab (for disability or disabled—the term used in the 20th century); accesib (for accessible or access);

inclusi.




	
Ethnics

	
Indigenous; et (for etnia, ethnicity); rural; low (income); socioeconomic; poverty.
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