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Abstract
This systematic literature review examines the integration of social sustainability factors into interactive  
learning  mediation  systems,  with  a  particular  focus  on  vulnerable  communities.  Using  the  PRISMA 
protocol,  we  analyzed  32  studies  selected  from  194  initial  documents  across  five  major  databases 
(SCOPUS, Springer, ScienceDirect, IEEE, ACM) published between 2020 and 2025. The analysis revealed 
key social  sustainability factors essential  for effective learning systems.  Simultaneously,  we identified 
significant tensions between sustainability ideals and implementation realities. This review contributes to 
understanding  how interactive  educational  technologies  can be  developed to  promote genuine  social 
sustainability rather than perpetuate existing inequalities, highlighting the need for balanced approaches 
that align innovations with the social, cultural and economic realities of vulnerable communities.
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1. Introduction

From  the  current  international  agenda  on  climate  change,  environmental  sustainability  has 
emerged as a fundamental principle, guiding how our species can achieve a balanced coexistence 
with the environment while preventing resource scarcity that could jeopardize our survival on 
Earth [1]. Within the Information and Communication Technology (ICT) industry, there is not only 
a significant environmental debt necessitates urgent actions to mitigate its ecological impact, as 
highlighted by the most recent report from the Global E-waste Monitor (2024), which recorded a 
global generation of 62 million metric tons of electronic waste—equivalent to approximately 7.8 
kilograms per capita [2]. There is also an urgent need for a strategically responsible approach to 
the democratization of emerging technologies, such as generative Artificial Intelligence (AI). Since 
2020, Microsoft has increased its carbon emissions by 30% due to the expansion of its data centers,  
driven by the rising demand for cloud-based solutions and the substantial growth of generative AI 
applications [3].

However,  the  debt  of  the  ICT  sector  toward  sustainability  extends  beyond  environmental 
factors; it also encompasses a social dimension, reflected in the digital divide, which is particularly 
pronounced  in  emerging  economies  [4].  In  contrast,  it  is  undeniable  that  countries  such  as 
Colombia have made significant efforts to prevent the widening of the digital divide among their 
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citizens  compared  to  industrialized  economies.  This  is  exemplified  by  initiatives  to  increase 
investment in information technologies for education, a priority gaining momentum during the 
COVID-19  pandemic.  The  pandemic  underscored  the  urgent  need  to  bridge  digital  gaps  and 
enhance access to technological tools in the educational sector during periods of social distancing. 
Recent  initiatives,  such  as  “Computadores  para  Educar”,  along  with  various  projects  aimed at 
expanding connectivity coverage in rural areas [5], are some of the measures undertaken in this 
direction.

However,  these initiatives may not be sufficient to maintain the existing digital  divide.  The 
current  era  of  AI  democratization  [6],  particularly  through  the  most  recent  advancements  in 
generative  AI  [7],  presents  not  only a  significant  challenge for  emerging economies  and their 
educational systems but also a substantial risk of exacerbating the digital divide to unprecedented 
and concerning proportions, with severe implications for global social inequalities [8]. The most 
adversely  affected  social  groups  are  probably  vulnerable  communities  within  these  emerging 
economies that require targeted interventions to ensure their inclusion and social well-being [9].  
Mere access  to  information technologies  by these communities  does not,  in  itself,  resolve this 
complex issue.

Related studies suggest that companies and professionals in the interactive software systems 
development industry have limited knowledge regarding social sustainability and acknowledge the 
need to incorporate mechanisms for its inclusion in the development processes of such solutions 
[10]. Recognizing the necessity of implementing specific actions focused on addressing the current  
needs of vulnerable communities in emerging economies—alongside the challenges posed by the 
evolution  of  traditional  interactive  and  multimedia  systems  toward  interactive  technologies 
mediated by emerging innovations such as generative AI, which, on the one hand, offer enhanced 
user interaction capabilities but, on the other hand, are technically more complex and resource-
intensive—this  state-of-the-art  review  aims  to  examine  the  effective  influence  of  social 
sustainability  factors  in  the  development  of  interactive  systems  for  learning  mediation. 
Furthermore, it seeks to identify the tensions that arise between the ideals of social sustainability 
and contextual and technological limitations in the development of interactive systems, particularly 
for education in vulnerable communities.

This study is structured into five sections, beginning with the introduction and continuing with 
a  background  section  that  serves  as  the  foundation  for  the  research.  Subsequently,  the 
methodology that guided the state-of-the-art review is presented, leading to an analysis of the 
results derived from the research process. Finally, a discussion section is provided to offer precise 
responses by synthesizing the research questions.

2. Background

Social  sustainability  has  been  recently  discussed  within  the  broader  framework  of  sustainable 
development. It refers to a society’s ability to maintain and enhance the well-being of its members 
over time, ensuring social cohesion, justice, and equity [11]. Key elements of social sustainability  
include equity and social justice, which promote equal opportunities and fair access to essential 
resources  such as  education,  employment,  healthcare,  and housing,  regardless  of  race,  gender, 
socioeconomic  status,  or  other  factors.  Additionally,  social  cohesion  plays  a  crucial  role  by 
fostering a sense of community, belonging, and mutual support within societies, thereby reducing 
social divisions, discrimination, and exclusion [12].

In  the  context  of  information technologies,  some authors,  such as  Noman et  al.  [13],  have 
argued that in a landscape where technologies evolve rapidly, it is essential to consider the impacts  
of software as well as its long-term viability. Moreover, the concept of vulnerability is not limited 



to environmental risks; it also encompasses social, economic, and cultural dimensions that affect 
human well-being [14]. The "research through design" methodology, applied in projects such as 
Design for Vulnerable in Mexico by the Tecnológico de Monterrey [15], demonstrates how design 
can serve as  a  powerful  tool  to  raise  awareness  and empower communities  through solutions 
tailored  to  their  specific  contexts  and  needs,  thereby  fostering  sustainable  and  participatory 
interventions. However, the sustainability factors that may be particularly sensitive in processes 
involving  the  development  of  solutions  mediated  by  information  technologies  in  vulnerable 
societies remain unclear.

Various  studies  have  been  conducted  from  a  broader  perspective  in  software  engineering, 
primarily focusing on environmental sustainability.  Lago et  al.  [16] presented a framework for 
sustainability analysis that enables software engineers to identify needs related to sustainability 
factors,  primarily  emphasizing environmental  aspects  while  also addressing,  to a  lesser  extent, 
technical,  economic,  and  social  elements.  Similarly,  Khalifeh et  al.  [17]  proposed  a  conceptual 
framework for integrating environmentally sustainable software projects. In addition, Naumann et 
al.  [18]  defined  a  sustainable  software  engineering  framework  that  examined  strategies  for 
developing web pages with minimal negative environmental impact or improved energy efficiency 
and provided specific recommendations for web developers.

Some authors,  such  as  Afshari  et  al.  [19],  have  investigated  social  sustainability  indicators 
across various sectors, primarily the energy sector. The authors argue that social sustainability has  
been overlooked because of the challenging nature of implementing social aspects compared to  
environmental objectives or because sustainability has largely been discussed theoretically rather 
than being effectively implemented in practice. This gap represents a significant concern and a 
motivating factor for this study.

Pham et al. [20] and Condori et al. [21] emphasize the importance of developing frameworks 
that integrate multidimensional approaches to identify and represent sustainability requirements in 
software development. The first study introduces the ShapeRE framework, which focuses on the 
developer's role in gathering requirements by combining goal-based approaches. The second one 
presents the Sustainability Assessment Framework (SAF), which is supported by a quality model 
and  decision  map,  was  validated  through  technical  and  participatory  action  research.  This 
framework encompasses environmental, social, technical, and economic dimensions.

Sustainability in the technology sector is shaped by the need to minimize the environmental 
impact  of  information technologies  and by their  potential  to  foster  sustainability  across  other 
industries. In this regard, recent research, such as that presented by Pazienza et al. [22] and Greif et  
al. [23], has highlighted strategies, including energy optimization in data centers and the use of 
shifting techniques to take advantage of periods with lower carbon intensity. Concurrently, the 
application  of  AI  in  educational  settings,  exemplified  by  the  "YOLO-green"  model  [24],  
demonstrates  how technology  can  promote  sustainable  practices  by  optimizing  processes  and 
reducing environmental impacts.

Various studies have explored conceptual and empirical frameworks for assessing sustainability in 
software development, as evidenced by the works of Penzenstadler [25], Oyedeji et al. [26], and 
Lago et al. [27], complemented by critical reviews by Khalifeh et al. [17], Duboc et al. [28], and 
Swacha  [29].  These  studies  highlight  a  prevailing  trend  toward  energy  efficiency  and 
environmental analysis, often relegating the social dimension to a secondary role. It is imperative 
to conduct a state-of-the-art review that integrates the different dimensions of sustainability in a 
balanced manner, particularly the social aspect, to guide responsible design and informed decision-
making in the development of information technologies.  This approach ensures the creation of 
comprehensive solutions tailored to the needs of diverse stakeholders.



3. Methodology

The present study was conducted following the PRISMA protocol and was structured into four 
phases: identification of relevant studies in databases related to the research topic; review of titles 
and abstracts; analysis and evaluation of the full texts of the selected studies; and extraction of 
information and data from the articles subjected to analysis [30].

3.1. Research questions

The research questions that guided this study, along with their associated motivation, are detailed 
in Table 1.

Table 1
Research questions

Cod
e

Question Motivation

RQ1 How has the integration 
of  social  sustainability 
factors  in  the 
development  of 
interactive  systems  for 
learning  mediation 
influenced  educational 
paradigms,  considering 
access,  usage  and 
technological 
appropriation  in 
vulnerable 
communities?

The advancement of interactive technologies in education has 
provided  new opportunities  to  enhance  learning  quality  in 
vulnerable  communities.  However,  social  sustainability  in 
designing and developing these interactive systems remains a 
largely  unexplored  challenge.  Despite  the  increasing 
digitalization of education, significant gaps persist in access, 
usage,  and technological  appropriation in highly vulnerable 
contexts, raising questions about these solutions' equity and 
real  impact.  Traditional  educational  paradigms  in  these 
communities are often shaped by exogenous models that do 
not  always  consider  sociocultural  dynamics,  technological 
limitations,  and  specific  needs.  In  this  regard,  social 
sustainability—the  ability  to  foster  community  cohesion, 
inclusion,  and  long-term equity—emerges  as  a  fundamental 
criterion  for  assessing  the  effectiveness  and  relevance  of 
interactive systems in mediating learning experiences.

RQ2 What  tensions  arise 
between  the  ideals  of 
social sustainability and 
the  contextual  and 
technological 
limitations  in  the 
development  of 
interactive  systems  for 
education  in  vulnerable 
communities?

Implementing interactive systems in vulnerable communities 
with a focus on social sustainability faces multiple challenges 
that go beyond the mere intention of promoting inclusion and 
equity. While the ideals of social sustainability aim to ensure 
fair access to education, foster community participation, and 
reduce digital  divides,  their realization is  often hindered by 
structural  limitations  such  as  the  lack  of  technological 
infrastructure,  economic  constraints,  insufficient  teacher 
training,  and sociocultural  barriers.  Moreover,  the technical 
requirements  of  interactive  systems  may  conflict  with  the 
reality of limited resources in these communities, creating a 
gap between ideal design and effective implementation. This 
state-of-the-art  review  seeks  to  identify  and  analyze  these 
challenges  to  understand  to  what  extent  technological 
solutions  have  managed  to  balance  social  sustainability 
principles with the real conditions of vulnerable educational 
environments  and  what  strategies  have  proven  effective  in 
mitigating these conflicts.



3.2. Information, resources and search strategies

The research was conducted using a set of five databases: SCOPUS, Springer, ScienceDirect, IEEE,  
and ACM. The search queries applied considered title, abstract, and keyword searches within the 
publications. The search strings that were used are presented in Table 2.

Table 2
Search queries

Database Sentences

SCOPUS "social sustainability" AND "digital technologies"

Science 
Direct

TITLE("social sustainability" OR "social inclusion") AND ("interactive systems" OR 
"digital  technologies") AND ("education"),  TITLE("social sustainability" OR "social 
inclusion") AND ("interactive systems" OR "digital technology") AND ("education" 
OR  "learning")  AND  ("vulnerable  populations"  OR  "vulnerable  communities"), 
TITLE("social sustainability") AND ("software engineering")

Springer TITLE("social sustainability" OR "social inclusion") AND ("interactive systems" OR 
"digital technologies") AND ("education")

IEEE ("Document Title":"social sustainability" OR "Document Title":"social inclusion" OR 
"Document Title":"social gap") AND ("All Metadata":"digital technologies" OR "All 
Metadata":"interactive systems" OR "All Metadata":"emerging technologies")

ACM [Abstract:  "social  sustainability"]  OR [Abstract:  "social  inclusion"]  OR  [Abstract: 
"social  gap"]  AND  [[Full  Text:  "digital  technologies"]  OR  [Full  Text:  "emerging 
technologies"]  OR [Full  Text:  "interactive  system"]]  AND [Full  Text:  and]  AND 
[[Full Text: education] OR [Full Text: learning] OR [Full Text: educational]

3.3. Inclusion and exclusion criteria

Table 3  specifies the inclusion and exclusion criteria  defined for  the selection of  the retrieved 
studies.

Table 3
Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

IC1:  Studies focused on social  sustainability 
and interactive systems

EC1:  The  document  is  not  available  for 
download

IC2: Studies written between 2020 and 2025 EC2: Published before 2020

IC3: English and Spanish language EC3:  Social  sustainability  and  digital 
technologies are not the main focus

IC4: Primary research (papers, books, thesis) EC4: Not in English or Spanish

EC5: Not primary research (report, letter, poster)



3.4. Data recovery

A  Microsoft  Excel  template  was  developed  for  structured  data  organization  throughout  the 
systematic review process. This template classified initial search results by database and captured 
metadata for each result, including search protocol, title, authors, publication year, source, abstract,  
identifiers, and a brief relevance assessment.

The  database  searches  yielded  a  total  of  194  documents.  Following  the  application  of  the 
inclusion and exclusion criteria outlined in Table 3, the final selection was refined to 32 relevant  
studies that specifically addressed the integration of social sustainability in interactive systems for 
educational  contexts in vulnerable communities.  The quantitative results of the methodological 
process are summarized in Table 4.

Table 4
Summary of documents selection process

Database Search Result Relevant documents

SCOPUS 80 9

Science 
Direct

55 8

Springer 34 6

IEEE 6 3

ACM 19 6

Total 194 32

4. Results analysis

The  systematic  review  yielded  32  relevant  documents  on  social  sustainability  in  interactive 
education  systems  in  vulnerable  communities.  The  analysis  revealed  significant  insights  into 
integrating social sustainability factors and the tensions during implementation.

4.1. Integration of social sustainability factors in interactive systems for 
learning mediation

Accessibility  and  inclusion  have  emerged  as  fundamental  social  sustainability  elements  in 
educational  interactive  systems.  Qadri  et  al.  [31]  documented  how  emerging  technologies 
contributed to independence for visually impaired students,  while Al-Emran [32] demonstrated 
how these  technologies  overcame geographical  and socioeconomic barriers  through immersive 
learning spaces. Alhassan and Adam [33] and Moreira et al. [34] emphasized that digital inclusion 
was essential for equitable educational opportunities, with equity defined as the fair treatment of 
individuals to promote inclusion and eliminate discrimination.

Brenner and Hartl [35] noted that ecological and economic dimensions often overshadowed the 
social  dimension  within  the  broader  sustainability  framework.  This  observation  was  further 
supported by Szalkowski and Johansen [36], who identified education as an under-researched area 
in social sustainability and digital technologies. 



Cultural and contextual relevance significantly impacted the integration of social sustainability 
into interactive systems. Espinosa Zárate et al. [37] highlighted the importance of considering local 
cultural  practices  rather  than  applying  universal  approaches.  This  contextualization  was 
demonstrated  in  studies  by  Nisi  et  al.  [38],  who  demonstrated  how  communities  developed 
differentiated forms of technological appropriation, and Hamidi et al. [39], who described assistive 
technologies  created  by  communities  themselves  using  participatory  design  approaches. 
Illustrating the potential of contextually relevant initiatives, Hartikainen et al.  [40] presented a 
project that empowered unemployed youth through digital fabrication tailored to local needs.

Beyond  cultural  considerations,  user  satisfaction  and  technological  acceptance  are  directly 
related to social sustainability in interactive systems. Yue et al. [41] demonstrated that satisfied 
users  have  a  higher  perception  of  social  support  and  improved  emotional  well-being,  thus 
enhancing their ability to access social and community resources. Pech et al. [42] also emphasized  
the importance of designing intuitive and accessible interfaces, highlighting their effectiveness in 
improving cognitive and emotional well-being among elderly users. Furthermore, for vulnerable 
populations, Van Calis et al.  [43] identified usability and inclusive design as critical factors for 
overcoming learning barriers, particularly benefiting individuals with mild intellectual disabilities 
or low literacy skills. The importance of user understanding was validated by Al-Emran et al. [44],  
who found that comprehension of generative AI tools increased their use in academic activities. At  
the same time, Arpaci [45] determined that confidentiality was the most influential variable for 
sustainable technology use. 

Ethical  considerations  emerged  as  essential  components  of  social  sustainability  in  these 
contexts. Moreira et al. [34] identified freedom from risk, legislative compliance, and privacy as  
fundamental  elements  in  designing  systems  for  vulnerable  communities.  Building  on  these 
principles, Plaza de la Hoz et al. [46] advocated a humanistic perspective in which personal and 
community development predominated economic gains. The importance of ethical continuity was 
demonstrated by Padilla et al. [47], who found that successful government initiatives depended on 
consistent ethical commitment and adaptation to changing community needs. 

Several innovative approaches were identified for addressing social sustainability challenges. 
Reynaga-Pena et al.   [48] promoted Universal  Design for Learning as an approach considering 
multiple types of social vulnerability beyond disabilities. Technological advancements offer new 
possibilities,  as  Al-Emran  et  al.   [49]  demonstrated  how  AI  could  personalize  educational 
experiences for traditionally marginalized communities. By creating dedicated spaces for inclusive 
learning,  Fonseca  et  al.  [50]  proposed STEAM-Labs  as  innovative  environments  to  reduce  the 
diversity gap in technological education. 

Integrating social sustainability factors into interactive learning systems has thus emerged as a  
multidimensional challenge requiring attention to accessibility, cultural relevance, user satisfaction, 
ethical  considerations,  and  universal  design  principles.  Successful  implementations  prioritized 
human needs over technological capabilities, incorporated local contexts and practices, and ensured 
that  systems  remained  accessible  to  diverse  populations  with  varying  levels  of  technological 
literacy.

4.2. Tensions between social sustainability ideals and contextual and 
technological limitations

A fundamental  tension in  the  literature  concerned the predominantly  economic orientation of 
digital  transformation  processes.  Qadri  et  al.  [31]  and  Plaza  de  la  Hoz  et  al.  [46]  noted  that 
digitalization processes prioritize economic benefits without adequately considering social effects 
in vulnerable communities. This economic focus created significant risks. Brenner and Hartl [35] 
warned about the negative consequences of  digitalization for society and demonstrated how it 



could  aggravate  inequalities  when  implemented  without  considering  the  particularities  of 
vulnerable contexts.

The  persistence  of  the  digital  divide  constitutes  one  of  the  most  extensively  documented 
tensions. Qadri et al. [31] and Jiang et al. [51] identified how age, language, educational level, and  
limited internet access created significant barriers to effective implementation. These divides had 
profound  social  implications,  as  Travassos  Rosário  and  Carmo  Dias  [52]  warned  that  digital  
transition could reinforce existing social inequalities through multiple dimensions, while Gutiérrez-
Provecho  et  al.  [53]  showed  that  digital  divides  generated  social  fractures  that  perpetuated 
inequality.  The consequences for  specific vulnerable groups were illustrated by Karantalis  and 
Koukopoulos [54], who documented challenges for refugee students, and Sadyrtdinov et al. [55], 
who  provided  evidence  from  the  COVID-19  pandemic  when  vulnerable  populations  faced 
technological barriers when digitalization became essential. 

Further  complicating  implementation  efforts,  Szalkowski  and  Johansen  [36]  identified  a 
significant  gap in  evidence  on the  impacts  of  digital  technologies,  revealing  tensions  between 
promised benefits and real implementation risks. Structural factors aggravated this gap, as Su and 
Yang [56] highlighted how structural inequalities influenced digital competencies, demonstrating 
that deficiencies in organizational infrastructure and lack of strategic leadership negatively affected 
implementation in vulnerable contexts. 

Resistance to technological change has emerged as another significant obstacle. Jiang et al. [51] 
and Padilla et al. [47] identified this resistance and associated resource limitations as major barriers 
and  attributed  resistance  to  material  constraints  and  cultural  factors  that  prevented  effective 
technological appropriation. The challenges of inclusive development were further discussed by 
Ayris  et  al.  [57],  who  pointed  out  limitations  in  including  diverse  actors  in  technological 
development, identifying barriers such as time constraints, language differences, and the absence of 
clear ethical frameworks. 

Privacy and accessibility concerns created additional tensions in the implementation. Al-Emran 
et  al.  [49]  noted  the  conflict  between  data  collection  requirements  for  personalization  and 
information  protection  concerns.  The  technical  complexity  of  accessibility  presented  further 
challenges,  as  technological  limitations  in  vulnerable  contexts  made  implementing  advanced 
accessibility  features  difficult.  Tymoshchuk et  al.  [58]  quantified the  practical  consequences  of 
these limitations  and showed that  only 21.8% of  people  with disabilities  used technologies  for 
educational purposes. 

Cultural  adaptation is  a  significant area of  tension.  Plaza de la  Hoz et  al.  [46]  and Costas-
Jauregui et al. [59] highlighted how digitalization strategies based on global standards often failed 
because  of  insufficient  adaptation  to  specific  sociocultural  contexts.  Financial  sustainability 
introduced additional complexities, as Lambert [60] identified the tension between free access to 
education and the need for financial investments to maintain quality assurance systems. Policy 
rigidity  further  complicated adaptation efforts,  with AlKharouf  et  al.  [61]  pointing to  conflicts 
between reciprocal adaptation needs and inflexible institutional policies. 

The gap between technological access and effective use constitutes a critical tension. Costas-
Jauregui et al. [59] and Padilla et al. [47] concluded that insufficient teacher training perpetuated  
the superficial application of educational technology. Sen et al. [62] emphasized that technological 
access without skill development is insufficient for social sustainability. This gap was quantified by  
Tymoshchuk et al. [58], who identified specific obstacles, including a lack of knowledge (47.4%), 
reading  difficulties  (24.4%),  and  an  absence  of  adapted  training  (23%).  The  consequences  of 
infrastructure-focused implementation were highlighted by Padilla et al.  [47] and Alhassan and 
Adam  [33],  who  demonstrated  how  technology  implementation  often  focused  on  physical 



infrastructure without adequate pedagogical integration, which is particularly problematic when 
systems depend on precarious external factors like unstable electricity or intermittent connectivity. 

The implementation of socially sustainable interactive systems in vulnerable communities thus 
faced significant tensions that needed to be addressed for successful  outcomes.  These included 
balancing economic objectives with social needs, bridging persistent digital divides, overcoming 
resistance to change, addressing privacy concerns, ensuring cultural relevance, resolving financial 
sustainability challenges, and bridging the gap between technological access and meaningful skill 
development. Without addressing these tensions, even well-intentioned interactive systems risked 
perpetuating  or  worsening  existing  inequalities  rather  than  promoting  genuine  social 
sustainability.

5. Discussion

Integrating social  sustainability  factors  into interactive  learning systems is  crucial  for  creating 
equitable  educational  opportunities,  particularly  in  vulnerable  communities.  These  factors  are 
essential to address the unique needs of vulnerable populations and enhance educational outcomes.  
By aligning these findings with the project’s justification, the discussion delves into the challenges  
and opportunities identified in the literature. It addresses how the results contribute to a broader  
understanding of the intersection between social sustainability, education, and technology.

This  study  revealed  that  several  social  sustainability  factors  are  pivotal  to  designing  and 
developing interactive education systems in vulnerable communities. These include accessibility 
and inclusion, cultural and contextual relevance, user satisfaction, technological acceptance, ethical 
considerations, and transformative approaches for knowledge democratization. One of the most 
frequently discussed factors is  ensuring that educational  systems are accessible to all  students, 
regardless of their cultural, social, or economic background.

Moreover, educational technologies must be culturally and contextually appropriate to resonate 
with the local community.  In vulnerable areas, education systems often fail  to reflect the lived 
experiences of  students,  which can undermine the effectiveness of such technology.  Therefore, 
designing interactive systems incorporating local  languages,  traditions,  and cultural  contexts is  
crucial for fostering a sense of ownership and engagement.

The success of any interactive system depends on user acceptance, particularly among teachers 
and  students.  Effective  preparation of  teachers  to  mediate  and use  technology for  educational 
purposes  is  crucial  to  ensure  the  success  of  such  systems.  Educational  technologies  must  be 
intuitive, user-friendly, and aligned with user needs to ensure widespread adoption. In vulnerable 
communities with low digital literacy, systems should be easily navigated to avoid overwhelming 
users.

Ethical issues such as privacy, data security, and the potential for technological misuse were 
also identified as key factors affecting social sustainability. The risks associated with data collection 
and surveillance are particularly concerning in vulnerable communities. Therefore, design systems 
must prioritize protecting user data and adhere to ethical standards when using technology.

The concept of democratizing knowledge through technology is central to discussions on social 
sustainability in education. Interactive systems should be designed to empower students, teachers, 
and  communities  by  providing  equitable  access  to  quality  education  and  promoting  lifelong 
learning.  This  is  especially  relevant  when  discussing  education  mediation  through  emerging 
technologies like AI, as these technologies present a greater challenge for the adopting community. 
They must be leveraged to foster the development of critical thinking, creativity, and problem-
solving  skills  rather  than  simply  focusing  on  rote  memorization.  Moreover,  systems  should 



encourage collaboration and collective learning, enabling communities to share knowledge and 
resources in ways that promote social cohesion and mutual support.

This  review identified  several  key  tensions  that  must  be  addressed  to  ensure  the  effective 
implementation  of  social  sustainability  principles  in  educational  technologies.  One  significant 
tension is the conflict between the economic objectives of educational technology projects and the 
social goals of inclusion and equity. Many initiatives are driven by the need to achieve financial  
sustainability or scale, which can compromise the systems' social and cultural relevance.

Despite the growing adoption of digital technologies, the digital divide remains a significant 
barrier  to  effectively  implementing interactive  systems in  vulnerable  communities.  Even when 
technology is  available,  many students  and teachers  lack  the  necessary  digital  skills  to  use  it 
effectively.  While  many studies  have advocated integrating social  sustainability  principles  into 
interactive systems, limited research has been conducted on the actual outcomes of such systems in 
vulnerable communities. This highlights the need for more rigorous evaluations, including long-
term studies  that  assess  their  effectiveness  in  improving educational  outcomes and promoting 
social sustainability.

Resistance to change within educational institutions and communities represents a significant 
tension  identified  in  this  review.  Implementing  new  technologies  often  demands  changes  in 
attitudes,  practices,  and organizational  structures,  posing challenges for teachers,  students,  and 
administrators. Additionally, resource limitations—such as insufficient funding, lack of technical 
support,  and inadequate teacher training—can further hinder the adoption and sustainability of 
interactive  systems.  Another  critical  tension  discussed  is  the  conflict  between  financial  
sustainability and universal access, as many educational technology projects struggle to balance 
the  need  for  ongoing  financial  support  to  provide  free  or  low-cost  access  to  all  students.  
Overcoming  these  challenges  requires  a  comprehensive  approach  that  includes  professional 
development, ongoing support, and active stakeholder involvement in the decision-making process, 
ensuring  that  financial  sustainability  does  not  compromise  equitable  access  and  facilitating 
solutions that are both sustainable and accessible to all.

The  opportunities  identified  in  the  literature  align  with  the  project’s  justification  because 
studies have recognized the growing need for projects that address social sustainability issues in  
educational systems. This need is especially pressing given the rapid advancements in technologies 
like AI, which are reshaping human activities and posing new challenges for educational systems 
worldwide.  By  providing  a  clear  roadmap for  developing  interactive  systems  that  are  socially 
sustainable and contextually relevant,  the literature highlights the urgency of  addressing these 
issues.  Tackling  these  tensions  through  integrated  approaches  and  evidence-based  practices  is  
crucial  for  ensuring  that  interactive  systems  can  effectively  contribute  to  educational 
transformation in vulnerable communities.

As a result of the state-of-the-art review, a set of Social Sustainability factors will be defined for 
developing learning experiences mediated by interactive technologies at the elementary education 
level in the context of vulnerable communities. The objective is for each factor to be associated 
with a series of recommendations that school stakeholders can implement. Both the factors and the 
recommendations will be validated with stakeholders.
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