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A B S T R A C T

This study identifies the pedagogical impact and opportunities to the use of digital technologies in education. It 
applies the PRISMA methodology to investigate the available literatures by identifying potential barriers, 
challenges, and opportunities to the use and adoption of the digitalized-education, taking into account the pre-, 
intra-, and post-pandemic era and rural education development. By covering a seven-years period between 2017 
and 2023, the study analyzed the modest contributions and pedagogical impact of the selected studies (n = 324) 
retrieved from the Scopus and Web of Science (WoS) databases. The data analysis include trend examination, 
geographical and contextual diversity of the dataset, and thematic synthesis of digital technologies’ benefits, 
challenges, and implementation in context of COVID-19 and rural education. This was done using methods such 
as Concept mapping and Text mining by leveraging data visualization and analytics tools: VOSviewer, Tableau, 
and R Statistics software. The study identified “digital divide” attributed to lack or limited access to digital 
(learning) technologies, and online educational platforms or resources as the main challenge to the effective 
adoption of digitalized-education, and attainment of quality of education and its delivery by the educators, 
particularly in the remote or resource-limited regions. The study empirically sheds light on the theoretical and 
practical implications of the key findings and result upon a scalable and sustainable education and practices, 
particularly in line the UN’s sustainable development goals (SDGs) that are directly related to the quality of 
education, including reduced inequalities across the educational communities and/or a development-oriented 
educational society.

1. Introduction

Digital technologies has proven its importance in education and the 
underlying teaching and learning process [1–5]. There is evidence that 
the new and emerging “educational technologies” are didactically 
effective, for instance, during the recent global pandemic [6–8]. How
ever, existing studies have revealed the need to strengthen or heighten 
the teaching/learning processes to include the innovative learning 
technologies, and ensure adequate and equitable access to the digital 
platforms and infrastructures for the different stakeholders [3,9,10]. 
There is still scientific debate on how disproportionate or slow the 

educators may be in adopting the digital technologies for acceleration 
and transformation of the educational ecosystem [2,3,11,12]. For 
example, people living in rural areas, worldwide, often face challenges 
of gaining quality education at all levels, and are less likely to follow 
through higher education [10,13,14]. Consequentially, the so-called 
“systematic divide” prevents people in the rural areas or indigenous 
societies from developing their full potential and improving their living 
conditions [15–18].

To break the cycle and heighten the impact of higher education, 
particularly toward a scalable and sustainable education [19,20], 
improving the digital access and quality of education in the rural areas 
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or resource-limited regions, is essential [10,14,15,21]. Those (techno
logical and didactical) goals have been severely accentuated by the 
recent COVID-19 pandemic [8,22,23]. During the pandemic, higher 
education and learning has shifted to remote (digitalized) settings 
through the use of technologies [22,24]. However, it is particularly 
challenging for people in the rural areas to access quality education due 
to lack of technological resources or adequate access to the online 
learning tools and platforms [14,15,25]. The United Nation (UN) high
lighted the toll that the COVID-19 pandemic has left, e.g., regarding the 
SDG goals 4 and 10 [26] by anticipating an increase in student’ dropout 
rates, increase in learning inequalities particularly in the vulnerable 
communities, need for sustainable access to affordable network and 
infrastructures, development-oriented policies, and social links and 
barriers between the rural vs urban areas [12,27–31]. These are critical 
factors covered in this study (see Section 2, Table 4) that idiosyncrati
cally stands and represents in alignment with the UN’s global sustain
ability goals [26]; the creativity, knowhow, technology and resources 
needed from all of society or in this study’s context [32], considered 
necessary to achieve the SDGs, as well as the fact that the development 
and action plans by the stakeholders (researchers, educators, govern
ments, fundings agencies, policymakers) must be prolifically designed to 
balance social, economic and environmental sustainability [26,32], such 
as the one done in this paper.

In these perspectives, this study notes that it is imperative to research 
and study the pedagogical impact and implications of the digital tech
nologies’ use, and the potential challenges before, during, and after the 
COVID-19 pandemic, particularly for rural education development. To 
uncover and address the existing challenges and gaps in the available 
literature, we conducted a systematic review and meta-analysis of the 
literatures to summarize both the current state-of-the-art and best 
practices in implementing the digital technologies in education, referred 
to as digitized-education in this study. Two critical contexts were 
analyzed (i) the pre-intra-and-post pandemic era, and (ii) rural educa
tion development. By Pre-Covid, the authors refer to studies that dealt 
with the use of digital technologies in education before the COVID-19 
outbreak (between 2017 and 2019). Intra-Covid refers to the period or 
peak of the pandemic (between 2020 and 2021). While Post-Covid refers 
to the period in which the pandemic has dwindled and a lot of in
stitutions and educational organizations are reverting back to in-person 
or hybrid learning modalities (between 2022 and 2023) [1,24,33]. Also, 
it is important to mention the fact that the study has included the margin 
of studies in the year 2019 between the Pre-Covid and Intra-Covid to 
allow the review cover the time in which the Covid-19 outbreak started 
in late 2019 [34] and the time in which it was officially declared a 
pandemic in early 2020 [35]. Therefore, to this end, this review covered 
a seven-year period by exploring the published peer-reviewed papers in 
the topic between 2017 and 2023.

1.1. The rationale of the study

We conducted a systematic summary of existing literature on the use 
of digital technologies in education; pre-intra-and-post pandemic era 
and rural education development using the PRISMA methodology.

The research questions of the study are: 

1. To what extent has the existing literature addressed the use of digital 
technologies in education considering the pre-, intra-, and post- 
pandemic and rural education development?

2. What are the socio-technical and pedagogical implications of the 
digitalized-education upon sustainable education and practices tak
ing into account the pre-, intra-, and post- pandemic and rural 
education?

3. How can the main factors and findings be used to foster a scalable 
and sustainable education and practice?

The main contributions of this study include: 

1. It present a systematic review and summary of existing literature in 
the use of digital technologies in education covering the pre-, intra-, 
and post- Covid-19 pandemic era.

2. It identify the key factors (e.g., digital divide) to why the digitized- 
education may or may not be effectively implemented in the rural 
areas.

3. It determine the opportunities, issues, and challenges to attainment 
of quality education directly in line with the UN’s global sustainable 
development goals (SDGs).

4. It empirically shed light on how the digital technologies and the 
accompanying transformations can help provide solutions to the 
ever-increasingly need to innovate and advance the teaching/ 
learning processes, in lieu of the post-pandemic education or 
modern-day education.

5. It demonstrate the capability of using data-structure approach such 
as the Text mining technique in conducting educational research and 
meta-analysis.

2. Background information

2.1. Digital technology in education: pedagogical perspective

Instructional -wise, the use of digital technologies for education re
quires proper design and integration of materials that are tailored for 
effective learning [36]. Technologies such as Virtual classrooms (Zoom, 
Google Meet, Jitsi Meet, Cisco Webex, Starleaf, Google Hangouts), video 
conference, TV, radio, augmented reality (AR), metaverse, virtual reality 
(VR), robots, chatbots, learning analytics, etc. [37,38], are widely used 
for providing a more inclusive learning environment and experiences for 
the students. These technologies has proved to enable educators to guide 
the students’ learning process, monitor their daily activities, and 
encourage them through virtual rewards (animated smileys, stars, 
badges, recognitions, etc.) [39,40]. The teachers can boost motivation 
and engagement of the students during the learning process through 
technologies like augmented reality (AR), videos, and podcasts to keep 
the students eager to learn [41–43]. Through analysis of student’s 
feedback, teachers can also steer and tailor digital offerings to students’ 
convenience or need [44,45]. Moreover, self-learning opportunities for 
the students have shown to enhance drastically due to 
digitized-education [46]. In connection to the emerging societal and 
technological need, digitalized-learning have sustained and proven to 
strengthen the knowledge acquisition process of learners [40,47,48]. 
With digital education, knowledge dissemination has become seamless 
even in the unprecedented recent pandemic and beyond [8,24,49]. Ac
cess to learning resources in rural vs urban contexts is also starting to 
close, together with infrastructural grapples [48].

However, it can be noted that digital technology and the various 
online platforms was the most effective means by which the educators 
were able to continue learning, e.g., during the recent global pandemic 
[24,40]. Therefore, it is noteworthy to mention that the resultant in
novations are anticipated by the different organizations and institutions 
concerned with education and its delivery, to come with challenges and 
opportunities [1,48,50–52]. Some of the noted challenges range from 
issues that has to deal with the need for using the new and emerging 
technologies to nurture rapid learning-recovery or reinstatement of the 
teachers and students (post-pandemic education), to instruction-design 
and the challenge for educators to act and adopt suitable turn-around 
policies to support the quality of education and continuous learning 
for the learners [1,53–57].

2.2. Digital technologies in rural education and development

Understanding the main factors that impact the use of digital tech
nologies in the indigenous communities is important for a holistic 
overview and scalable adoption of the digitalized-education, globally. 
Educational research in the rural context has brought to light 
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protuberant factors that the teachers and students may face in terms of 
gaining quality education [27,42,58–62]. For example, in the past, 
Young [62] noted that students in rural schools have lower academic 
achievement than their counterparts in urban schools, and they tend to 
drop out from school before reaching higher education [63]. Quite 
often, the differences between academic achievement in the rural vs 
urban contexts are related to difficulties that students in the rural areas 
need to overcome daily, including educational infrastructure investment 
and geographic isolation [10,12,14,15,64]. Social exclusion, digital 
exclusion, and accessibility are all important underlying factors associ
ated with the “digital divide” problem or issue in rural higher education 
[15,65,66]. Talib et al. [66] highlighted inequality and inaccessibility to 
the digital infrastructure as a disadvantage student in the rural areas 
faced during the recent COVID-19 pandemic. Therefore, while the use of 
digital technology in education can provide a way to reduce the gap 
between the rural vs urban education, the digital divide presents a 
challenge, in itself [11]. There is still so much to uncover or learn about 
the several practices that higher education institutions, worldwide, 
implemented during the COVID-19 pandemic, that can be (scalable and 
sustainably) applied in the rural contexts as long-term strategies to the 
inaccessibility to infrastructure and learning loss they largely experi
enced during those period [1,2,67,68].

Digital divide is the primary challenge to digitalized-education in the 
rural areas [10,14,15,69]. Infrastructural limitations and lack of remote 
learning facilities (digital equipment, internet, etc.) has a huge impact in 
the rural, or yet, low-tech and marginalized regions [69,70]. In terms of 
learning resources, the rural and economically disadvantaged (low-tech 
or resource-limited) communities experience disparities in accessing the 
digital resources, and thus, tend to disconnect from continuous oppor
tunities to education [10,15]. Inadequate online videos and course 
materials in native languages is also a barrier, and demotivates the 
students in those (rural) settings, including high cost of internet con
nectivity and networks [33]. From the teachers’ point of view, limited or 
lack of digital skills tend to make the indigenous people hesitant towards 
participating in online or distance education [42,60,71,72]. Although, 
recently, some NGOs (non-government organizations) are helping the 
teachers to gain proper training and digital skills/tools to move towards 
digitalization [73]. For example, educational organizations such as 
UNESCO [48] have enlisted in its National Learning Platforms and Tools 
[48], some modern tools and e-resources that are used to foster 
continuous learning for the teachers and their students, across the 
various regions and countries, particularly during the recent pandemic. 
Apparently, those types of learning initiatives and platforms facilitates 
reduction in learning costs, offering unabated professional development, 
and enhancing the scope of distance learning to reach the indigenous 
societies [74]. The recent COVID-19 pandemic necessitated an open, 
inclusive, and proper use and application of the digital learning tools, 
platforms, and resources within the educational ecosystem at large or 
globally [1,2,40,48,51,55,56,75–77].

2.3. Digital technologies in education: pre- intra- and -post COVID-19

Significant (technological) changes and transformation has been 
achieved in education as a result of the recent COVID-19 pandemic [40]. 
Although its future scope with a blended approach (e.g., 
technology-enhanced learning) is yet to be fully realized and sufficiently 
documented [55,78–80]. In pre-COVID-19 days, most teaching models 
followed the traditional classroom methodology, and many of the 
developing countries were faced with lack of infrastructure and oppor
tunities to the digitalized-education [81]. During pre-COVID, there was 
rising need to comply with alternative approaches or methods for using 
the digital platforms for learning. Then the outbreak of COVID-19 
brought into light and practice, the challenge of ensuring uninter
rupted learning through technology [40,82].

The lockdown and self-isolation compelled the rapid shift from the 
traditional methods of learning (face-to-face, peer-to-peer, etc.) to the 

virtual/remote learning, alongside the need for non-stop learning [24,
83]. The COVID-19 acted as a catalyst to make the teachers, students, 
teaching staff, and other stakeholders acquainted with the e-learning 
process to a great extent [44]. During the transition from offline to on
line education [84], there was (i) an increased need for digital assets for 
creating and offering distance education and collaborations [40], and 
(ii) an inclination for the different stakeholders to learn advanced 
technologies and assessment tools, including familiarity with the cloud 
spaces for self-learning [85]. There was also a huge gap in disseminating 
the digital technologies in the developing countries due to the disparities 
and unequal distribution of the global government educational invest
ment and expenditures [12,17,82,86]. Robust digital resources and 
seamless access to internet with affordable price, including network 
infrastructure are still compounding educational challenge worldwide 
[33]. Adequate action plans and initiatives are to be adopted by the 
various governments particularly in the developing countries to accel
erate the “digitized-education” [40,48,50,81,87].

Entering equitable digital transformation can guarantee immense 
opportunities, offer new capabilities to the imminent society, and help 
take the world to a new learning era in anticipation to the post-pandemic 
education [18,50–52,56,76,77,88]. Eventually in the already emerging 
post-COVID-19 education era, there is tremendous emphasis to continue 
with the fast, resilient technology-enhanced learning (TEL-based edu
cation) all over the world [17,40,51,52,55,56,75–77,89,90]. Interest
ingly, effectiveness of the much-needed blended learning or hybrid 
approaches will be appreciated in the education ecosystems, worldwide 
[24,46].

To summarize our review of the literature, the existing studies have 
shown that digitized-Education comes with challenges in its adoption 
and/or application within the entire domain of teaching and learning [3,
10,40,50,51,55,67,77,79]. The “digital divide” otherwise allied to the 
learners or regions lacking access to the digital infrastructures, who are 
excluded from the vast benefits and opportunities to learning, has been 
uniformly highlighted in majority of the studies [2,3,10,14,15,40,51,
79]. With over 500 million students estimated to have no access to the 
digital or online learning resources [79], and learning poverty or loss 
(lack or limited access to learning infrastructures, training, and skills) 
increasing from 53 % to 63 % globally, particularly as a result of the 
recent global pandemic [1]; we note that educational organizations such 
as OECD [54,57,67] and UNESCO [27,31,91] have highlighted the risk 
in lower-income or low-tech countries falling behind in reaching the 
objectives of Education 4.0 or sustainable education/practices [92–94]. 
In turn, widening the technological gap or “digital divide” per se [3,10,
25,95]. In practice, collective development of effective “innovative 
educational frameworks or mandates” is needed [96–99]. The attention 
of the different governments and educational institutions must be drawn 
to pay a great deal of it to new and better ways or models for achieving a 
scalable and sustainable TEL-based (technology-enhanced) education 
that meets individual needs of the learners in the diverse hemispheres 
[24,31,55,56,100–102]. Educators, governments, researchers, policy
makers, and the different stakeholders, should commit to reimagining or 
rethinking the pedagogical practices toward an effective adoption of the 
TEL-based (digitized) education addressed in this study context [51,55,
103].

3. Methodology

This study used a set of inclusion and exclusion criteria the authors 
developed using the Preferred Reporting Items for Systematic reviews 
and Meta-Analyses (PRISMA) methodology [104–107] by adhering to 
the recommended processes for educational research [108–110] in its 
investigation. The PRISMA method was used to search for the existing 
literature and synthesize key factors (COVID-19, Rural Education, Sus
tainability) as it concerns the use of digital technologies in education 
based upon the research questions of this study (see Section 1.1).
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3.1. Search process

The search for relevant peer-reviewed studies in the topic was done 
in two most popular international databases (Scopus and Web of Sci
ence) that houses publications and research on topics related to the 
digital technology and education, by taking into consideration their wide 
range of coverage and relevance in the field. The literature search was 
conducted on the 9th of January 2024 by extracting available publica
tions in the topic for a seven-year period between 2017 and 2023, 
covering the pre- intra- and post-Covid-19 era and rural education 
development. The keyword and search terms used in the systematic 
search and selection of the literature is described in Table 1 and Fig. 1, 
respectively.

3.2. Inclusion and exclusion criteria

The results of the search process and criteria for selection of the 
relevant papers was based on the PRISMA workflow explained in Fig. 1
and Table 2.

As illustrated in Fig. 1, and explained in Table 2, the process for 
inclusion and exclusion of the literatures using the PRISMA methodol
ogy are described in detail (Table 2).

3.3. Search outcome and method for data analysis

Retrieving the relevant literatures (see Table 1 and 2, Fig. 1) was 
based on the search we conducted in the electronic databases (Scopus =
404 paper, and Web of Science = 144 papers) which resulted in a total of 
n = 548 papers. The authors examined the extracted papers on the 
grounds of their perceived appropriateness and relevance considering 
the identification and screening criteria, i.e., title of the paper, avail
ability of full-text, domain, year of publication, and peer-reviewed, after 
removing the duplicates (Table 2, Fig. 1). This process resulted in a 
further n = 190 papers being excluded (Fig. 1). It is important to 
mention, considering the fact that the same paper in one database, e.g. 
Scopus, can also be retrieved or found from the other (Wos), that during 
the identification and screening process, the result of the two databases 
(Scopus and WoS) were merged and the duplicate titles and papers 

removed. The full-text of the remaining 358 articles were downloaded, 
the Abstracts read, and reviewed by the authors. After reviewing the 
selected papers (n = 358) taking into consideration the eligibility and 
inclusion criteria (e.g., context and scope of the study, i.e., digital 
technologies, rural education development, COVID-19, quality of in
formation and alignment with sustainable education), a further n = 34 
papers were excluded resulting in a total of n = 324 articles finally 
included in this systematic review and meta-analysis synthesis. 
Considering the rigor of the selection and screening process, and the 
data reliability, it is important to mention that the multiple authors have 
independently reviewed the extracted papers and the final dataset.

The data analysis and synthesis of the data (n = 324) includes trend 
examination, geographical and contextual diversity of the dataset, and 
thematic synthesis of the digital technologies’ benefits, challenges, and 
implementation within the context of COVID-19 (pre-intra-post) and 
rural education development. This was done using methods such as 
Concept mapping [111–115] and Text mining method [116–119] by 
leveraging data visualization and analytics tools such as VOSviewer 
[120,121], Tableau [121], and R Statistics [122] software. The data 
analysis methods and results are presented and described in detail in the 
next section (Section 4)

4. Data analysis and results

The following are the results of the data analysis and synthesis of the 
selected papers (n = 324) in the use of digital technologies in education 
considering the key factors (COVID-19, Rural Education Development, 
and Sustainability) (Figs. 2 to 10).

4.1. Year of publication

The following bar chart (Fig. 2) shows the distribution of the selected 
publications (n = 324) by year (2017–2023) done using the Tableau 
software [121].

The results in Fig. 2 show an unsteady and relatively low growth in 
research in digitalized-education Pre-COVID (2017–2019) with only 4 
publications in 2017, 11 in 2018, and 5 in 2019 (Fig. 2). This indicates a 
slow growing, but yet modest interest in digitalized education before the 
pandemic. However, the rise in publications in 2018 (Fig. 2) could 
suggest an early recognition of digital tools’ potential in education, 
likely driven by technological advancements [81,123–125].

The sharp increase during the pandemic (2020–2021) indicates a 
significant rise in publications, 2020 (37 studies) and 2021 (76 studies), 
correlating with the onset and continuation of the impact of the COVID- 
19 pandemic in education [2,6,8,22,48,77]. This surge reflects the ur
gent global shift toward digitalized-education, as traditional systems 
were disrupted by the lockdowns and school closures [8,22,23,126].

The year 2022 (106 papers) and 2023 (87 papers) shows the peak 
and highest number of publications (Fig. 2). This result is expected, since 
the impact of the COVID-19 and the resultant innovations that has 
spanned as a result of the outbreak has triggered the interest of many 
researchers and educational organizations [8,33,45,127–132]. This in
dicates an intense focus on evaluating and understanding the imple
mentation and impacts of digital education systems established during 
the pandemic, as an aftermath and in lieu of the post-pandemic educa
tion [56,101]. The sustained high numbers,2022 (106 papers) and 2023 
(87 papers), reflect ongoing interest in optimizing digitalized education 
for long-term sustainability within the education ecosystem [45,101,
102,133].

The insights that can be drawn from this result (Fig. 2) include the 
fact that the pandemic has served as a catalyst for research in this topic 
[15,67,72,114,126,134,135]. The COVID-19 pandemic served as a 
major turning point for research into digitalized-education, accelerating 
both the adoption and critical evaluation of such systems, particularly in 
the rural context [15,17,67,114,126,134,136] explored in this study. 
The peak in 2022 and 2023 may reflect a focus on post-pandemic 

Table 1 
Search terms used in the bibliometric search and extraction of the relevant 
studies from the electronic databases (Scopus and Web of Science).

Scopus database (n = 404 papers found), Web of Science (n = 144 papers found)

Search 
Component

Search Term Component Description

Search 
Component 
1

("Digital technology" OR "Digital 
technologies" OR "e-learning" OR 
"distance learning" OR "digital 
education" OR "educational 
technology" OR "educational 
technologies" OR "edtech" OR 
"technology-enhanced learning" 
OR "learning analytics" OR 
"learning technology" OR 
"learning technologies")

Used to extract existing 
literatures on Digital 
technologies and education

Search 
Component 
2

AND ("Covid-19″ OR "corona 
virus" OR "pandemic" OR "pre- 
covid" OR "post-covid" OR "rural 
area" OR "low-tech" OR "remote 
area" OR "developing country" 
OR "traditional education")

Includes studies that focuses 
on the context of Covid-19 or 
rural education

Search 
Component 
3

AND ("sustainable education" OR 
"outcome-based education" OR 
"sustainable development goal" 
OR "SDG4″ OR "quality 
education")

Includes studies that focus on 
sustainable development or 
quality education

Search 
Component 
4

AND PUBYEAR > 2016 AND 
PUBYEAR < 2024

​
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education and recovery, with studies assessing the efficacy and sus
tainability of the emergency digital learning solutions and impact in 
education [45,55,61,101,137]. This factor, idiosyncratically, uncovers 
the shift in research priorities, offering room for further exploration of 
long-term strategies to integrate digitalized-education into sustainable 
education systems. Likewise, the low publication count before 2020 
(pre-Covid) (Fig) highlights the limited emphasis on digital education 
research prior to the pandemic, that in turn, provides an opportunity to 
retrospectively investigate or analyze pre-pandemic research gaps and 
lessons learned across time, which could form another direction for 
future research. Moreover, the post-pandemic research can focus on 
addressing the issues with digital divide or access disparities, especially in 
low-tech or resource-limited settings [77,138] highlighted in this study.

4.2. Country representation

The world map (individual country distribution and frequency chart) 

in Fig. 3, done using the Tableau software [121], highlights a significant 
disparity in research contributions among the different countries and 
geographical dispositions.

As shown in Fig. 3, countries such as India (31 publications), Spain 
(27 publications), and China (21 publications) are leading contributors 
in the topic (Fig. 3). This indicates a concentrated focus on digitalized- 
education in those regions (Asia and Europe) [12], likely due to their 
strategic investments in educational technology and a high demand for 
sustainable education reforms, policies, and research agenda during and 
after the pandemic [12,139–141].

Moderate contributions from countries such as Russia (16), United 
States (14), Malaysia (14), United Kingdom (11), and South Africa (11) 
(Fig. 3) shows active involvement in digitalized education from those 
countries or region, but who may also face barriers in scalability or 
localized research impact [16,83,142–147].

The combination of developed and emerging economies and coun
tries such as Australia, Saudi Arabia, Jordan, Philippines, Italy, Bahrain, 

Fig. 1. PRISMA Methodology used in selection of the relevant literatures (inclusion/exclusion criteria).
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Table 2 
Inclusion and exclusion criteria for selection of relevant literatures.

PRISMA Inclusion/ 
Exclusion 
Criteria

Description Inclusion/Exclusion 
Process Explained

Identification 
and 
Screening

Timeframe Selected papers 
published between 
2017 and 2023

Inclusion: Aim for 
papers published 
between 2017 and 
2023 to ensure 
contemporary 
relevance and 
reflection on digital 
transformation within 
the education context. 
Timeframe captures the 
impact of the COVID- 
19 (before, its onset, 
and ongoing recovery 
phase) aligning with 
the study’s focus on 
pre, intra-, and post- 
pandemic 
developments in rural 
education. 
Exclusion: Exclude 
articles outside this 
range (2017–2023), as 
they may theoretically 
lack relevance to the 
current technological 
and educational 
transformation and 
advancements, e.g., 
influenced by the 
recent pandemic or 
rural education and 
development in 
modern society.

Manual 
Verification of 
Topic

Check whether 
title/description of 
article is related to 
digital technology 
or education

Inclusion: Ensure 
articles explicitly relate 
to digitalized 
education, sustainable 
education practices, 
and/or their 
intersections with rural 
development. Focus on 
studies and strategies 
implemented pre-, 
during and after the 
pandemic, e.g., to 
enhance education 
access and 
sustainability. 
Exclusion:Aarticles 
with a vague 
connection to digital 
technology or 
education are removed, 
such as those 
emphasizing unrelated 
technological fields to 
education or urban- 
centric educational 
studies without 
transferable rural 
insights.

Overlap Removing 
duplicate articles

Inclusion: Retain 
unique studies with 
distinct perspectives, 
methodologies, or 
findings that contribute 
to understanding 
digitalized education’s 
impact on 
sustainability and rural 
education 
development, and/or  

Table 2 (continued )

PRISMA Inclusion/ 
Exclusion 
Criteria 

Description Inclusion/Exclusion 
Process Explained

Covid-19. 
Exclusion: Exclude 
duplicate studies to 
avoid redundancy or 
bias in the synthesis 
process, and ensuring a 
concise and cohesive 
dataset.

Accessibility The full-text article 
is available as open 
access or through 
authors’ 
institutional access

Inclusion: Prioritize 
accessible articles to 
ensure comprehensive 
data for review. include 
studies with full-text 
availability via open 
access or institutional 
platforms, ensuring a 
sufficient data for 
critical analysis. Open 
repositories or journals 
are considered to 
maintain transparency 
and reproducibility. 
Exclusion: Exclude 
articles unavailable in 
full text or behind 
paywalls without 
institutional access.

Source/ 
Database

Whether chosen 
articles have 
undergone 
scientific peer- 
review with digital 
object identifier 
(DOI) or source by 
reputable 
publisher

Inclusion: Prioritize 
and retian peer- 
reviewed studies 
indexed in the 
reputable databases 
(Scopus, Web of 
Science) to ensure 
credibility. Focus on 
works with DOIs to 
enhance traceability 
and reliability. 
Exclusion: Exclude 
non-peer-reviewed 
contents, or articles 
from predatory 
journals to maintain 
scientific rigor.

Eligibilityand 
Inclusion

Relevance Study related to 
digital technology 
and education, 
COVID-19 and/or 
Rural context, and 
sustainability

Inclusion: Include 
studies that explore or 
addresses digital 
technology’s role in 
education based on the 
Covid-19, 
sustainability, or rural 
contexts. Emphasize 
works exploring 
innovative educational 
models and methods, 
digital gaps, and 
adaptations specific to 
the above factors. 
Exclusion: Exclude 
irrevant studies with 
minimal focus on the 
topic, such as those 
discussing digital 
technology in non- 
educational or non- 
rural settings.

Quality of 
Information

The study clearly 
describes the 
method/approach 
and main findings 
or contributions to 
the topic area and 
domain

Inclusion: Focus on 
high-quality studies 
that clearly articulates 
implications for 
sustainable digital 
education based on the 
research design, 
methodologies, and 

(continued on next page)
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Mexico, and Morocco are among countries that contributed between 9 
and 5 papers, respectively (Fig. 3). This may be due to their respective 
government and educators focus on improving access to digital learning 
tools and prioritization of technology-driven education reforms, 
including active participation in global initiatives aimed at improving 
education in the resource-limited contexts [15,16,148–154]. There is 
also evidence on lessons learned by the emerging economies from the 
educationally-advanced countries [143,155,156].

Underrepresented regions which include several countries, espe
cially from developed countries like Canada, Switzerland, and Africa (e. 
g., Zambia, Senegal), including smaller nations (e.g., Bosnia and Her
zegovina, Fiji), etc., exhibit minimal research contributions from these 
regions (Fig. 3). This suggests a lack of resources, infrastructure, or focus 
on digital education’s role in fostering sustainable educational practices, 
and/or addressing challenges with the digitalized-education and pol
icies that may be faced by those countries, individually, which hinders 
their capacity to contribute significantly to global research in this field 
[22,81,157,158]. This observed disparity can form further areas for 
research, particularly those that may focus on uncovering the individual 
country-specifics in this topic.

In summary, considering the global trends and gaps; while Asia, 
Europe, and North America dominate the research output (see Fig. 3), 
there is a significant gap in contributions from the Global South, 
particularly Sub-Saharan Africa, Latin America, and smaller island na
tions (Fig. 3). This idiosyncratically reflects unequal access to research 
funding and educational technologies [11,12,159]. Such outcomes un
veil the importance of bridging the gap between technologically 
advanced nations and underrepresented regions within the realm of 
"digitalized-education research and investment" [3,11,12,131,160]. The 
global emphasis should shift towards fostering inclusivity, building 
digital capacity in developing nations, and ensuring that sustainable 
education practices reach rural and underserved communities [76,77,
158,160,161].

The insights and lessons from the above results (Fig. 3) include 
encouraging funding and collaborations to promote research and 
address the gaps in underrepresented regions, especially Africa, Latin 
America, and small island developing states (SIDS) [12,14,161–163]. 
International partnerships (e.g., GPE, UNESCO, OECD, and World Bank 
initiatives) can also aid in equitable resource allocation, and expand 
research in rural education to ensure inclusivity and reduce digital di
vides [1,11,40,54,55,77,88,129,130,160,164,165]. Other key factors 
include emphasis on contextual solutions considering socio-economic 
and cultural differences. This is owing to fact that digital education 
success may be context-dependent, as strategies effective in urban 
context might differ from those needed in the rural context [157,158,
166,167]. Research indicates that inclusive policies yield better 
long-term educational outcomes [18,77,127,130,158]. Governments, 
educators, and international agencies should prioritize investments in 
digital infrastructure and teacher training, particularly in the rural and 
resource-constrained areas [2,12,55,58,75,165,168,169]. This is critical 
to bridging the potential and underlying gaps identified in the countries 
with lower contributions (see Fig. 3).

4.3. Publication source

The synthesis for publication source of the selected literatures (n =
324) is presented below (Fig. 4).

The bar chart (Fig. 4) illustrates the number of publications from 

Table 2 (continued )

PRISMA Inclusion/ 
Exclusion 
Criteria 

Description Inclusion/Exclusion 
Process Explained

findings. Retain works 
with robust data, 
thorough discussions, 
and actionable 
recommendations. 
Exclusion: Exclude 
poorly written or 
underdeveloped 
studies lacking 
methodological rigor, 
clear objectives, or 
contributions to the 
research field and 
topic.

Methodology Methodology of the 
study contributes 
to the research 
questions and 
objectives

Inclusion: Emphasize 
studies employing 
robust methodologies, 
such as systematic 
reviews, case studies, 
or mixed methods, to 
provide nuanced 
insights into digitalized 
education (Covid-19 
impact, remote 
education, and 
sustainability). 
Exclusion: Exclude 
articles with 
inadequate or weak 
methodologies or 
unclear objective, e.g., 
lack of methodological 
transparency, or 
inadequate sample 
sizes.

Alignment 
with SDG 
goals and 
target

Article contributes 
to improving 
quality of 
education, or 
educational society 
and practices

Inclusion: Retain 
studies contributing to 
SDG 4 (Quality 
Education) and other 
directly related sdg 
goals and target (SDG 
10, 11, 17) focusing on 
educational equity, 
digital access, and 
sustainable teaching 
practices, particularly 
in rural and 
underprivileged 
contexts. 
Exclusion: Exclude 
studies lacking 
alignment with 
sustainability or 
broader societal 
impacts on education.

Implications 
for Practice

Study reports a 
roadmap for 
adopting digital 
technologies in 
education, during 
or as aftermath of 
the COVID-19 
pandemic and/or 
rural context

Inclusion: Emphasize 
studies offering 
actionable insights, 
strategies, or 
frameworks for 
leveraging digital 
technologies in 
sustainable rural 
education. These 
include roadmaps for 
post-pandemic 
education and recovery 
or enhancing access to 
marginalized groups. 
Exclusion: Exclude 
works with no practical 
implications or 
relevance to the topic 
(Covid-19 impact, rural  

Table 2 (continued )

PRISMA Inclusion/ 
Exclusion 
Criteria 

Description Inclusion/Exclusion 
Process Explained

education, and 
sustainability).
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various sources in the topic. The journal "Sustainability" is the leading 
source, contributing 36 publications (see Fig. 4). This dominance reflects 
the topic’s strong alignment and the journal’s focus on sustainable 
practices and interdisciplinary approaches related to the field. This 
finding indicates that research on digitalized education is increasingly 
framed within the context of global sustainability goals, particularly 
SDG 4 (which promotes Quality of Education) and SDG 10 (which 
promotes Reduced Inequalities) [170,171].

The significant contributions from Conferences such as the ACM 
International Conference Proceedings Series (11 publications) and Lec
ture Notes in Networks and Systems (9 publications) highlight the crit
ical role of conferences in disseminating cutting-edge research on the 
digital education technologies. These platforms promote technical and 
implementation-oriented studies [93,172]. Conference proceedings 
often explore innovative tools, e.g., digital frameworks and methodol
ogies, thus, making them pivotal for addressing the rapidly evolving 
field of educational technology, and platform for sharing new and 
innovative ideas on the topic [93,172].

Another key finding of this study (Fig. 4) include educational jour
nals with focus on pedagogy. Journals such as Education Sciences, 
Frontiers in Education, and Educational Technology Research and 
Development (each contributing 3–4 publications) (Fig. 4) highlights 
the relevance of digitalized education to modern pedagogical theories 
and practices. These publication sources have proved to address the 
effectiveness of digital tools in enhancing teaching and learning out
comes, particularly during the pandemic and within the rural education 
context [43,113,148,173–177].

Considering interdisciplinary aspects, contributions from journals 
like Soft Computing, Medical Science Educator, and World Sustain
ability Series (2 each) (Fig. 4) demonstrate the interdisciplinary nature 
of the topic, linking digital education and COVID-19 to other areas like 
computational technologies and health education [22,38,68,139,178,
179].

It is also noteworthy to mention the fact that while this review was 
positioned to explore rural education development, there was minimal 
representation from journals focusing explicitly on the rural or under
developed regions (Fig. 4). This emphasizes a gap in research dedicated 
to addressing the challenges of digital education in the rural contexts, 

which form one of the main contributions of this present study. How
ever, the clustering of publications around sustainability and digital ed
ucation reflects the heightened attention the field has gained post- 
pandemic, as institutions worldwide continue to adapt remote 
learning solutions [24,180–182]. This shift has been instrumental in 
bridging the gap in education during crisis or disruptions, albeit with 
varying levels of success based on regional and socioeconomic contexts 
[3,22,79].

In summary, predominance of publications in journals like "Sus
tainability" suggests that digitalized-education is viewed as a global 
enabler of sustainability, fostering inclusivity and equity in education 
systems [22,59,100,183–189]. The relatively low contribution from 
rural education-focused journals or sources indicates a need for regional 
and rural focus, and an opportunity for further exploration of how 
digital education technologies can address the rural-urban divide [3,71,
190]. Efforts should be made to disseminate research findings across a 
broader range of journals, particularly those focused on rural develop
ment, global education equity, and social justice. Data indicates op
portunities for interdisciplinary research, especially in areas such as 
artificial intelligence, machine learning, and their applications for the 
future of education and/or educational sustainability [45,173,
191–194].

4.4. Language of publication

The chart in Fig. 5 is the result of the synthesis and analysis of the 
main publication language for the selected studies (n = 324).

The chart in Fig. 5 indicates that majority of the studies (310 out of 
324) were published in English, accounting for approximately 95.7 % of 
the total reviewed articles (n = 324). This overwhelming dominance 
highlights the prevalence of English as the primary academic language 
in global research dissemination. Only a handful of studies were pub
lished in non-English languages: Spanish (9 publications), Croatian and 
Portuguese (2 each), and Chinese (1 publication). This imbalance sug
gests limited representation of research conducted or reported in non- 
English-speaking regions, which may result in underrepresentation of 
localized educational practices, challenges in digitalized education, or 
underrepresentation of countries in the developing or resource-limited 

Fig. 2. Distribution of selected papers (n = 324) broken down by year of publication.
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regions, as also found in the individual countries’ analysis in this study 
(Section 4.2).

Considering the implications of this result (Fig. 5); for Rural Edu
cation and Pandemic Contexts, it can be said given the global nature of 
education, that the language barrier may hinder inclusive insights into 
rural education or the unique challenges faced in non-English-speaking 
countries during the pandemic [15,40,48,58,60,167]. Language di
versity could enrich the availability of knowledge and scientific re
sources in the use of digital technologies for education [48], particularly 
in the remote regions, by promoting and incorporating perspectives 
from authors from the diverse socio-cultural and educational contexts 
[195,196].

4.5. Author keywords, title, and Abstracts (network analysis)

In Fig. 6, the authors performed a bibliometric mapping of the 

Authors’ keywords using the VOSviewer software [120].
As shown in Fig. 6, it can be clearly visualized, the consistency and 

connection between the main subjects related to this topic (such as e- 
learning, digital education, COVID-19, and developing countries) which 
triangulates with the research questions and objectives incorporated in 
the systematic search and terms used in this study (see Sections 1.1 and 
3.1). While the central link is focused on “COVID-19″ and “e-learning” 
(Fig. 6), keywords like "sustainable education" and "developing coun
tries" points to the persistent barriers to quality education, particularly 
in the rural or resource-limited settings [3,10,14,90,163].

Furthermore, in Fig. 7, the authors performed a bibliometric map
ping and network analysis based on text contained in the Titles and 
Abstracts of the analyzed studies (n = 324) by considering a minimum of 
combined 10 top term occurrences in the Title and Abstracts using the 
VOSviewer [120].

The Title and Abstract-based Concept network analysis (Fig. 7) show 

Fig. 3. Studies in use of digital technologies in education (n = 324) broken down by Country.
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a clear interrelation between key terms like “Post-Covid education”, 
"Information technology," "High quality education," and "Sustainable 
development goal". Terms such as "Access" (Fig. 7) appears as a critical 
term linked to digital adoption, and emphasizing the existing disparities 
in technology availability across regions, that was inadvertently 
accentuated by the recent global pandemic, especially in the rural re
gions, as also found in the results of this study and our review of the 
available literature [3,10,11,14,25,141,163,197]. As a common de
nominator, this is an indicator that one of the main challenges to the use 
of digital technologies in education is the issue of “digital divide” which 

has remained a threat to effective adoption and implementation of the 
digitalized-education, particularly in the remote areas (see Sections 2 
and 5) [10,25]. Socio-technically, this problem have not only been 
accentuated by the recent global pandemic (COVID-19) [3,10,22,23], 
but has also on the other hand, been related to the indigenous com
munities or institutions in the rural areas who had experienced limited 
or lack of access to the learning technologies or digital (education) 
platforms [10,14,15,102,198,199], which are discussed in detail in the 
Discussion (Section 5). Interestingly, the exponential rise in publications 
during and after the pandemic (see Fig. 2) may reflect growing global 

Fig. 4. Studies in use of digital technology in education (n = 324) broken down by publication source.

Fig. 5. Selected papers (n = 324) broken down by main language for publication.
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attention to digital education as a solution and a challenge [3,11,163].
Consequentially, from the resultant Concept maps (illustrated in 

Figs. 6 and 7), we performed a comparison among the studies focus and 
key search terms: COVID-19, Rural education, and Sustainable devel
opment, respectively. This was done to identify the top terms and re
lationships between the keywords used in the research, and their 
underlying implications by explicitly linking the study’s objectives to 
the thematic components (digital technology, COVID-19, rural educa
tion development, and SDG4), vice and versa. The results are presented 
and discussed in detail in Figs 8A and 8B, respectively.

Figs. 8A and 8B are Concept map and visualizations of the term 
frequencies and occurrences derived from the Author keywords 
(Fig. 8A) and the Title and Abstracts (Fig. 8B) of the analyzed papers (n 
= 324), by considering the individual studies’ focus: rural education, 
COVID-19, and sustainability. 

• Considering the Author keyword Network analysis and their in
terconnections (Fig. 8A); we note that the most prominent keywords 
are "COVID-19″ (75 occurrences) and "e-learning" (72 occurrences), 

followed by "online learning" (31 occurrences) and "distance 
learning" (26 occurrences). These terms were central to the network 
of the authors keywords across the data (Fig. 8A), indicating a strong 
focus on the role of online education during the pandemic and/or 
COVID-19’s relevance to digital transformation in education [22,58,
200,201]. The links between "COVID-19" with terms such as 
"pandemic", "sustainable education", "developing countries" and 
"sustainable development goals (SDGs)" (Fig. 8A) emphasizes the 
challenges of achieving sustainability during the pandemic or 
post-pandemic education [100,101].

• On the other hand, considering the term frequency and occurrences 
from the Titles and Abstracts of the analyzed studies (Fig. 8B), 
dominant themes and terms like "COVID" (237 occurrences), 
"pandemic" (187 occurrences), "challenge" (115 occurrences), and 
"development" (113 occurrences) are heavily represented. These 
terms higlights the challenges posed by the pandemic on education 
systems worldwide, particularly in the (infrastructure-limited) 
marginalized or low-tech regions [114,134,202,203]. Likewise, 
words like "sustainable development goal" (87 occurrences) and 

Fig. 6. Concept map and network analysis for Authors’ keywords for the selected studies (n = 324).

Fig. 7. Concept map and network analysis of text of the Title and Abstract of studies (n = 324).
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"sustainability" (frequently appearing in the clusters) highlight a 
focus on long-term educational objectives in line with the global 
sustainability goals [170,204]. Whereas terms like "country" (99 
occurrences) and "area" (56 occurrences) (see Fig. b) indicate a focus 
on regional and rural education development [27,58,74,144,205].

In summary, insights from the Network and thematic analysis 
(Figs. 8A and 8B) highlights the impact of COVID-19 on Education, 
globally [3,15,132,167,201,206–208]. The pandemic has accelerated 
the adoption of digital learning tools, transforming traditional education 
systems, worldwide [8,24,126]. However, it (COVID-19) has also 
highlighted disparities in access to technology, particularly in the rural 
and underdeveloped regions [10,11,14,25,141,163,197]. Emphasis on 
“sustainable practices” include the integration of digital tools into ed
ucation, which has opened new pathways for promoting sustainable 
education, especially in the rural areas, aligned with the SDG 4 (quality 
education) goals and targets [51,55,170,204]. Challenges with 
digitalized-education in the developing countries is particularly 

highlighted (see Figs. 8A and 8B). For example, the prominence of terms 
like "developing countries" and "non-formal education" indicates bar
riers such as lack of infrastructure and skilled training for the educators 
[70,88,209,210]. Teachers and students should receive targeted training 
on the use of digital platforms to ensure effective use and delivery of 
(digital) education [49,70,211,212]. Strengthening of infrastructural 
development in the rural areas is also of critical importance. For 
instance, investment in internet access and digital devices for the rural 
and underdeveloped areas is essential to bridge the digital divide [10,11,
82,163,165]. By addressing these challenges related to infrastructure, 
teacher training, and policy support, digital learning can play a critical 
role in achieving the sustainable educational goals, worldwide [40,50,
55,129,170,213–216].

4.6. Sentiment analysis of selected studies Abstract (n = 324)

The authors implemented Sentiment Analysis, a type of Text mining 
technique [217,218–221], to analyze the Abstracts of the selected 

Fig. 8A. Frequency of top terms used in the data (n = 324) based on the Author keywords.

Fig. 8B. Frequency of top terms used in the data (n = 324) based on the studies Title and Abstracts.
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studies (n = 324). This was done in order to determine how the different 
terms contained in the text of the studies are used to express emotions, 
and how those may differ based on the analyzed study periods, i.e., 
Pre-Covid (2017–2021), During-Covid (2020–2021), and Post-Covid 
(2022–2023). The sentiment or emotional valence (EV) analysis [118,
218,222,223] evaluates and quantifies the emotional impact of experi
ences, interactions, or stimuli by assessing the intrinsic attractiveness or 
aversiveness of the terms (intensity of words or term quantification, 
often referred to as polarization) extracted from datasets (e.g., events or 
stimuli). The polarity of these emotions are typically classified into 
Positive (+) valence, Negative (-) valence, or Neutral (0) valence 
(neither positive nor negative) [223–225]. The concept of emotional 
valence and its application have been widely explored, e.g., in educa
tional research domain [117,118,218,223], as similarly applied in this 
study.

The sentiment analysis method in this study was implemented in R 
statistics software [122]. The method focused on obtaining through 
polarization (textual data quantification) [117,218,219,223,224], the 
valence scores or intensities of the terms used in the analyzed studies, 
which can be used to express an emotion (see Figs. 9 and 10). This 
process is achieved through the program summing up the average scores 
of the different terms in the text, represented as either positive (+), 
neutral (0), or negative (-) values, where the values with positive 
valence (+) scores represent attractive emotions, the negative (-) scores 
represents aversive emotions, and the zeros (0) represent emotions 
classified as neutral [218,219]. The results of the method are reported 
and discussed in Figs. 9 and 10, and Table 3.

In the results presented in Table 3 and Fig. 9, it can be observed that 
the large proportion of emotional valence (EV) score expressed by the 
different studies are classified as positive (+). This may be an indication 
of how attractive or impactful the majority of the studies have found the 
use of the digital technologies in education, particularly in the rural 
context and development, with maximum score of 38 (max=38.00) 
which was recorded during the COVID-19 (2017–2019) and min =

− 1.00 observed for Post-Covid (2022–2023). This result can be expected 
as it depicts how appreciative the users of the different innovative digital 
learning technologies and resources, e.g., the UNESCO’s National 
Learning Platform and Tools [48], have found it (digital technologies) to 
be. Moreover, the negative sentiments, e.g., post-COVID (Fig. 9) may 
reflect concerns about "digital divide" challenges and equitable access to 
digital tools [10,11,77,88]. To explain the following phenomenon 
(Fig. 9 and Table 3), it can be said that while the innovative tools and 
technologies were used to fosters education for the learners, particularly 
at the peak of the pandemic, and were used to ensure access for the 
marginalized users in the developing regions, anytime, anywhere, and at 
any place, etc. However, it is noteworthy to mention that the negative 
(− 1.00) valence score that was also observed for Post-Covid (see 
Table 3, Fig. 6(C)) may be attributed to how concerned the users may be 
in anticipation to access to the digital learning tools and platforms, as 
confirmed in the results (Table 3 and Figs. 6-9) and our review of the 
available literature (Section 2), that purportedly highlights the “digital 
divide” as the main challenge to the wide adoption of digital technolo
gies in education, particularly in the remote regions [3,10,45].

In our final analysis (Fig. 10), the authors explored the different 
categories or classification of emotions expressed by the selected studies 
(n = 324) in the Abstract, and how those may differ based on the study 
periods (i.e., Pre-Covid, During Covid, and Post-Covid). The authors 
note that the classification of the emotions’ categories and its applica
tion within the educational domain has been defined in the existing 
literature [118,218–223,226]. In this study, the theoretical and practical 
implications of such type of analysis is gained by making use of the 
extracted information (textual data) to draw meaningful insights in 
connection with the research topic and objectives. Consequentially, in 
Fig. 10, the study adopted the emotions classification of the 
educational-related datasets defined in Litman and Forbes-Riley [218] 
and Okoye et al. [219] to classify the category of the different emotions 
expressed in the Abstracts of the analyzed studies (n = 324).

In Fig. 10, it can be said that while the majority of the analyzed 

Fig. 9. Emotional valence (EV) of Abstract of the analyzed studies (n = 324) broken down by the study periods.
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studies trust (confident) that the use of digital technologies has a huge 
impact (highly significant) in fostering education, particularly in the 
remote regions. On the other hand, they are equally “anticipatory”, 
perhaps, due to the many associated challenges and implications of the 
use of the digital technologies for learning to practice [3,52,77,79,154,
227]. For example, the Anticipatory emotions (Fig. 10), especially 
post-pandemic, highlights a growing awareness of unresolved issues like 
infrastructure gaps and the need for sustainable solutions in education 
systems [12,14,17,70,178].

Furthermore, it is interesting to mention the fact that prior to the 
recent global pandemic (pre-Covid) (Fig. 10A) that the studies were less 
“concerned” about the impact and implications of the use of the digital 
technologies in education compared to during-Covid and post-Covid 
(see Fig. 10B and C), therein the studies were becoming more con
cerned (Fig. 10B and C). Apparently, this result could be expected as 
there is currently evidence in the amount of growth or increase in re
searcher’s interest in the topic in recent years [45,102,174]. Moreover, 
this is also a justification of the exponential increase in publications, 
particularly during the Post-Covid (see Fig. 2) that the study have found 
in this topic.

Several factors may contribute to these findings above. First, the 
various contingency plans and alternative learning options (due to swift 
shift to the remote learning) by the several institutions may have made 
the users (teachers, students, educators) not only appreciative of the 

continuity of the teaching and learning processes [8,207,228]. But, on 
the other hand, may also have triggered the users’ concern, uncertainty, 
and more or less dissatisfaction with the learning loss or voids (e.g., lack 
or limited access to the learning tools and platform, loss of face-to-face 
interactions, etc.) presented by the rapid shift to remote mode of 
learning, particularly for those in the rural or indigenous learning set
tings [7,10,15,24,33,53,67,69,82,134,137,199,206,229,230].

5. Discussion

The outcome of this review (see Section 4) indicates that digital 
technologies is becoming an integral and indispensable part of the 
modern-day education (digitalized-education). However, in the rural 
and resource-limited context, the prospects of effectively and sustain
ably implementing the “digitized-education” tends to be characterized 
by low technological infrastructure, e.g., lack or limited access to com
puter technology, or the so-called "digital divide" per se [10,15,199].

It is interesting to mention how at the time of this study and in a short 
frame of time, the plethora of studies that emerged or investigated the 
impact of the digital technologies in education, particularly as aftermath 
of the recent pandemic or post-pandemic education (see Fig. 2). This 
could owe to the fact that the ripple effect of the pandemic in education 
is currently becoming a contemporary topic being addressed by the re
searchers, educators, government parastatals, and policy makers [1,2,
23,24,40,45,51–53,55–67,102]. It shows the significant increase in 
COVID-19 related research (Fig. 2) that, in turn, underlines the different 
efforts put by the researchers to uncover the impact of the shift from the 
traditional models of learning (face-to-face) to the remote or online 
learning/education [84,231,232].

Presently, educators, researchers, and many institutions are faced 
with the task of documenting the respective challenges that have 
spanned, or the lessons they learned as a result of the COVID-19 
pandemic [67,83,132,233]. The educators and policymakers alike, are 
forced to act and adopt several turn-around policies and educational 

Fig. 10. Emotions category (classification) found in Abstract of the studies (n = 324) broken down by the study periods.

Table 3 
Summary of EV score of Abstracts of the analyzed studies (n = 324) broken down 
by the study period.

Study period min median mean max

Pre-COVID (2017–2019) 4.00 9.50 9.95 19.00
During-COVID (2020–2021) 0.00 10.00 10.78 38.00
Post-COVID (2022–2023) − 1.00 10.00 11.07 35.00

Note: min = − 1.00, max = 38.00.
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innovations that can fit into their different educational systems or set
tings in anticipation to the post-pandemic education era [1,55,56,79,
132]. The said educational innovations in the way learning is being 
delivered (e.g., digitized-education) is further accentuated or will be 
most challenging for the users (educators and learners) in the remote 
areas or geographical dispositions [3,11,14]. Therefore, effective 
educational plans in such regions (low-tech or resource-limited) would 
necessary include (i) managing learning continuity, and (ii) ways for 
improvement/acceleration of the digitalized-education [1,2,55,56,75], 
while also ensuring that education is made more inclusive, effective, and 
resilient than it was before, e.g., pre-COVID-19 [1,2,50,51,54–57,75,76,
138,216].

In these perspectives, infrastructural development and investment in 
educational technologies is also of utmost importance. Governments and 
institutions should prioritize investments in digital infrastructure, such 
as broadband access and affordable devices, particularly in the rural and 
underdeveloped areas [12,60,103,128,138,158,159]. Collaborative 
public-private partnerships can bridge infrastructure gaps [234,235]. 
Professional development programs should be established to enhance 
digital literacy among teachers and students by focusing on effective use 
of educational technologies [5,70,174,236]. Tailored learning tools can 
address the needs of diverse student populations, especially those within 
the rural settings [48,237]. Scalable low-tech solutions such as the 
UNESCO’s National Learning Platform [48] should also be emulated and 
explored for areas with limited technological infrastructure, to ensure 
equitable education access, and address to a greater extent, the problem 
of “digital divide” in education, from a global perspective [11,14,40,48]. 
These steps can create actionable pathways for stakeholders to address 
the digital education disparities and promote sustainable development 
goals in education, worldwide [2,11,163,170,171,238].

Considering the sustainable integration, and planetary development 
and practices -wise, the findings of this study (see Section 4) align with 
the SDGs (see Table 4), e.g., SDG4 (Quality Education) and SDG10 
(Reduced Inequalities) by advocating for a holistic and inclusive 
approach to technology-enhanced education, especially in the rural or 
low-tech regions [3,11,14,163,197]. By evaluating the impact of this 
current review and study to global educational research, we note that 
the results and outcome of this study (see Table 4) is in direct triangu
lation with four of the global sustainable development goals (SDGs) 
[26], namely: SD4 – that promotes quality of education [170], SDG10 – 
that addresses reduced inequalities [171], SDG11 – that promotes sus
tainable cities and communities [239], and SDG17 – that promotes 
partnerships for the goals [237]. These SDGs cover the speculations that 
inclines the several countries (both low- middle- and high- income) to 
promote prosperity and innovative strategies that aim to build economic 
growth and address the range of social needs, including quality of ed
ucation for all [240]. Along these lines, the issues, challenges, and 
improvement strategies presented in Table 4, provides a critical outline 
and framework, not just for the much-needed COVID-19 recovery or 
post-pandemic education, particularly in the remote or resource-limited 
regions. But also, as an incentive for further research and actions plans 
by the concerned stakeholders (educational institutions, governments, 
policymakers, financial investors, etc.) toward a worldwide effective 
and equitable adoption of the digital technologies within the educa
tional ecosystem [53–57,67,77].

5.1. Theoretical and practical implications of this study

Digital divide has remained a major barrier or obstacle to the wide 
adoption of “digitalized-education” especially in the remote regions or 
settings. In line with the SDG goals and targets (Table 4), those in the 
rural or low-tech regions are still facing a startling challenge in fully 
gaining the vast benefits of the digitized-education [3,10,15,199]. The 
recent global pandemic has placed the promising impact of the new and 
emerging educational technologies and innovations in the spotlight [40,
51,55,56,75,77,129,216,243–245].

While a large proportion of the learners’ population across the globe 
are fully back in school from disruptions caused by the pandemic [137,
246,247], it is hoped that the digital technology can foster the 
human-centered recovery for them (teachers, students, educational 
community) [53,54,57,137,138]. According to the recent report by 
UNESCO [50], digital technologies can introduce agile ways of delivering 
education and achieve a “large-scale educational ecosystem” that pro
motes life-long learning [248,249]. The World Bank [1,2] has also 
provided strategies and action plans in understanding the loses (learning 
poverty) due to the recent pandemic by looking for ways to scalable and 
sustainably operationalize the use of digital technologies in education. 
These strategies are projected under five main themes: (i) asking why e. 
g. learning loss/poverty, (ii) designing educational technologies for 
scale, (iii) empower the teachers, (iv) engage the educational ecosystem, 
and (v) provision of data-driven educational models or approaches [2,
102]. An inclusive access to the new and emerging technologies is 
critical to achieving the quality of education or the SDG goals and target 

Table 4 
SDGs’ dimensions, issues and challenges, and improvement/heightening 
strategies.

SDG Dimension Issues/challenges Improvement/heightening 
strategies

SDG4: Quality 
Education

Lack of digital infrastructures 
and networks 
Lack of digital literacy and 
skills 
Digital divide 
Slowness in digital 
transformation 
[3,54,57,87,161,209,215,
227].

Massive investment in 
digital technologies in 
education 
Need and potentiality of 
improving the teachers’ and 
students’ digital literacy 
skills 
Enhancing educators’ 
professional development 
and practices 
Reforming instructional 
methods 
Production of customized 
software and courseware

SDG10: Reduced 
Inequalities

Digital divideInequalities 
amongst students and 
staffsEducation system that is 
economically correlated with 
incomeunequal distribution of 
responsibilities, e.g. ascribed 
to women (gender inequality – 
SDG5) 
[3,229,233,241,242].

Provision of digital 
infrastructures, network, 
and access to disadvantaged 
groups 
Promotion of Education-for- 
All irrespective of social, 
economic, and linguistic 
background

SDG11: 
Sustainable 
Cities and 
Communities

The need to support positive 
economic, social, and 
environmental links between 
urban, peri-urban, and rural 
areas by strengthening 
national and regional 
development planning such as 
digitalized-education and 
online learning resources and 
network [28].

The adoption of digital 
technologies in higher 
education as a tool to create 
social links between rural 
and urban areas (more 
universities exist in urban 
areas, and people from rural 
areas could attend those 
universities through online 
learning)

SDG17: 
Partnerships for 
the Goals

Challenges for educators, 
researchers, government, 
policy makers, and society 
that has to do with promoting 
innovative practices and 
collaborative plans for 
accelerating digital 
transformation, literacy, and 
skills for the stakeholders [24,
40,51,56,57,76,77,227].

Global Education initiatives, 
coalition, and partnerships 
amongst the different 
stakeholders, that aim to 
promote coordinated and 
innovative actions to unlock 
educational-related 
solutions for the teachers 
and students. 
Long-term educational 
recovery and coping 
strategies by the educators, 
particularly in lieu of 
aftermath of the recent 
Covid-19 pandemic (Post- 
Covid Education), with a 
principle focus on inclusion 
and equity.
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(see Table 4) [50,76,77]. The stakeholders, particularly educators in the 
remote regions, must commit to responding to the post-COVID educa
tion, and the linked didactical and social requirements, by building 
resilience and reimagining education to leave no one behind [19,50,56,
77].

However, despite the several challenges posed by the COVID-19 
pandemic, we must, on the other hand, acknowledge the fact that the 
different educational organizations and institutions of learning have 
been working together to improve the quality of education for millions 
of the teachers and students across the globe [51,54,56,57,75–77,250]. 
Those initiatives has ranged from provision of blended pedagogies [24,
230] and digital skill development for the teachers especially in the 
low-tech settings or regions [3,14,15,123,199,251,252], to flexible 
curriculum and adequate training and digital skills and competencies to 
prepare the students for the most in demand (digital) jobs and learning 
circumstances of today, or perhaps, what is called the "digitally-savvy 
generation", at large [50,56,215,249,253].

Current scientific evidence has shown that the (educational) practice 
of “digitalization” and “datafication” are reshaping the way learning is 
being delivered across the many higher institutions of learning, and are 
simultaneously being pioneered by different intergovernmental and 
educational organizations, such as the OECD [54], World Bank [2,254], 
and UNESCO [40,48]. Through the massive increase in the use and 
application of the educational technologies, it can be said that the 
COVID-19 have stretched the process of “digitalization in education” 
[255–257]. This transformation will eventually cater for the problem of 
“digital divide” – see Table 4 [3,10], highlighted in this review study. 
The several lines of actions are envisioned to range from prioritizing free 
and early childhood education, e.g., through equitable investment in 
education for all [18,77], to encouraging the stakeholders or Member 
states to continue to provide advice, training, tools, and infrastructure at 
no or low cost for those who need it in education [48,50,77,243], 
particularly those in the indigenous or low-tech regions [10,15,199], 
and as an aftermath of the COVID-19 pandemic (post-pandemic educa
tion) [50,138,258].

In terms of “Building Capacity for ICT and Open Education” partic
ularly in the post-pandemic era, it is noteworthy to mention that the 
UNESCO’s Institute for Information Technologies in Education (IITE) 
[128] have stated that “the wide adoption/development of digital 
technologies and their penetration into the education system has the 
capability to open up new opportunities for the teachers, students, and 
educators” especially in the rural areas or regions [18,77]. The new 
(digital) educational opportunities include to name but a few: (i) in
crease in accessibility of education and students’ involvement and 
engagement in the learning processes, worldwide, (ii) enhancement of 
students’ motivation and interest to learn, (iii) inclusiveness and 
personalization of learning, (iv) significant reduction in the bureaucratic 
and didactic burden on teachers, and (v) increasing the efficiency and 
transparency of the educational management systems. The report by 
IITE [128] suggests an integrated approach to rethinking, redesigning, 
and reimagining the activities of the several educational organizations 
to include “innovative technological solutions” as one of the perti
nent/effective ways to attaining the much-needed “technological 
transformations” for quality, equitable, and inclusive education [9,11,
51,56,76,77].

Policy -wise, a “continuous and accelerated learning in response to 
the post-pandemic era” is needed. For example, initiatives such as the 
Global Partnerships for Education (GPE) [160] and the UNESCO’s Na
tional Learning Platform and Tools [48] has proved effective. This in
cludes to name but a few educational initiatives that aim to promote: 
Development of blended learning options for the students, Use of LMS 
(learning management systems) as central platform for teaching, 
learning, communication, advice, and support, EdTech for supporting 
remote and accelerated learning, Remote Formative Assessment solu
tions, Read@Home learning packages (books and OER materials) to 
massively engage the students and their parents at home, Compendium 

of Lesson plans and tools to improve reading instructions, and Tech
nology for Teaching (T4T) by identifying scalable low-and-high-tech or 
even no-tech solutions for teachers’ professional development [2,24,48,
259].

Socio-technical and pedagogical -wise, the aforementioned (digital) 
solutions are perceived as promising ways of handling the “digital 
(learning) divide” that have inadvertently spanned across the margin
alized or low-tech countries, and particularly accentuated due to the 
after (ripple) effect of the recent global pandemic in education [3,10,14,
15,199]. The ongoing challenges with infrastructure and access to dig
ital platforms and resources continue to impede rural areas from fully 
embracing and gaining the vast benefits of digital education. This is 
evident from the prominence of keywords like "access" in the Network 
analysis and Sentiment concerns we observed in Sections 4.5 and 4.6 for 
the analyzed studies, especially in the context of post-pandemic educa
tion (see Figs. 7 and 10).

To summarize the theoretical and practical contribution of this sys
tematic review; it can be said that the “impact or challenges with the 
digitalized-education upon sustainable education and practices, partic
ularly in the rural or resource-limited settings and the COVID-19 
pandemic factors” has been a subject of growing interest. The 
reviewed publications in this study (n = 324) helped to provide scientific 
evidence and invaluable information on the challenges faced by the 
stakeholders (educators, teachers, students, educational society) in the 
different contexts. The need for development of sustainable online-based 
educational models, and the specific struggles of the stakeholders in the 
rural areas or regions were also highlighted. Emphasizes on the impor
tance of addressing the digital divide or digital learning inequality, and 
providing a comprehensive support for educators particularly in the 
rural development context, and as an aftermath of the post-pandemic 
education, formed the main contribution of this study.

Actionable recommendations based on the outcome of this current 
review include: 

• Diverse perspectives: Future studies can consider including studies 
from various geographic regions or individual country-specifics to 
understand global variations in digitalized-education practices and 
the rural development impacts.

• Focus on equity: Works addressing the digital divide and its implica
tions for rural education development and sustainability should be 
encouraged.

• Integration of sustainable practices: Actionable recommendations 
and pedagogy development, such as policy guidelines for rural dig
ital education initiatives post-pandemic, should be implemented.

• Technology analysis: Promote analysis of specific digital tools and 
their effectiveness in promoting sustainable education and practices: 
during vs after the pandemic.

• Cross-disciplinary studies: Include interdisciplinary studies bridging 
technology, education, and sustainability for a holistic or conceptual 
overview of the topic.

Looking forward, a snippet of the summary of the main insights from 
the relevant literatures in this topic, which can be used to drive educa
tional policies and sustainable educational practice, are as follows: 

• The transition to digital learning during the pandemic has posed 
challenges for educators and students, especially those from poor and 
rural backgrounds [114].

• A sustainable online-based educational model, including online 
platforms, assessment systems, and digital literacy, has been pro
jected to help facilitate the digitized-education [186].

• The digital divide has intensified in vulnerable areas, leading to 
limited digital literacy levels and restricted access due to the tech
nological and economic gaps [260].
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• Teachers in rural areas have encountered challenges in digital 
learning, including unequal student access to technology, thereby, 
leading to digital learning inequality [72].

• The COVID-19 pandemic has emphasized the need for higher edu
cation institutions to embrace digitalization for a sustainable and 
continuous learning approach, with a focus on multifaceted ap
proaches to address the challenges posed by the pandemic [261].

• The pandemic has led to a rapid digital transition in higher educa
tion, therefore, highlighting the importance of integrating technol
ogy into professional education and addressing the challenges and 
opportunities for growth and innovation [100].

• The pandemic has also brought attention of the educators to specific 
struggles of the teachers and students particularly in the rural re
gions, e.g., leading to an increase in rural teacher/student attrition 
and the need for comprehensive support for them especially in the 
post-pandemic era [61].

Effects of Pre-, Intra-, and Post-Pandemic Education on Digitalization 
of Education in Rural Settings and Development: 

• The COVID-19 outbreak caused disruption of learning activities and 
a shift towards online education, posing challenges for educators and 
students, particularly those from low-tech settings or backgrounds 
[114].

• The pandemic has deepened the existing digital divide and socio- 
economic inequalities, particularly in rural and resource-limited 
areas, due to unequal access to digital infrastructure and technol
ogy [141].

• The impact of the pandemic control measures on student’ education 
in rural areas has led to an increase in rural teacher attrition, posing 
challenges for educational excellence and school culture [61].

• The pandemic has forced schools and educational institutions to 
adapt to new modes and models of teaching and learning, including 
online and remote learning, affecting curriculum, assessment, and 
pedagogy [101].

Best practices for integrating the digitalized-education in rural set
tings to promote sustainable education can be adapted/adopted. This 
includes: 

• The integration of technology and digital resources in rural schools 
can contribute to reducing isolation by promoting inclusive educa
tion, and improving opportunities in rural territories [58].

• Digital resources adapted to multigrade classrooms and experiences 
related to blended learning environments have been developed, 
therefore, capable of enhancing educational achievements in rural 
territories [58].

• The Holistic Education and Digital Learning (HEDL) model, 
including digital learning applications, has significantly elevated 
literacy and language skills in rural contexts [204].

• Digital platforms have the potential to contribute to the sustainable 
development of rural areas and increase employment of the rural 
population through the digitalization of physically existing class
room objects, and the institutional environments [262].

• Challenges in implementing digitalized-education in rural/under
developed areas must include efforts in effective application of dig
ital education resources, teacher training, and creating a positive 
professional learning atmosphere [172].

• Policymakers, professional leaders, educators, and parents need to 
take collective actions to create a more effective online educational 
environment for students, especially from the vulnerable and 
disadvantaged groups in rural areas [263].

To summarize the key lessons learned and main finding of this re
view; we note that it is important to address the challenges of the digital 
divide and ensure inclusive and equitable access to the digital resources 

and education, particularly in the rural areas or resource-limited set
tings. The international or global educational initiatives and organiza
tions such as UNESCO [40,55,56] have emphasized that never before 
has the educational system witnessed disruption at a large scale, and 
partnership amongst the several stakeholders is the only way forward 
[55]. In those directives, UNESCO have called for “coordinated” and 
“innovative” actions aimed to unlock solutions that purportedly sup
ports the teachers and students with the teaching-learning processes, 
especially through “technological interventions”. The different stake
holders (educators, governments, policymakers, funders) are invited to 
not only focus on (technological) solutions that ensure the users’ re
covery as per the pandemic (post-pandemic education), but also with a 
principle focus on inclusion and equity in the longer term [40,55]. 
Idiosyncratically, those actionable plans and efforts must be designed 
and implemented to ensure that the teachers and students, particularly 
those in the low-tech or rural areas, have access to adequate digital tools 
and literacy, computer technologies, and network infrastructures to 
ensure an equitable, scalable, and sustainable education, worldwide 
[15,82,161,198,227].

It is important to mention, on the other hand, that some of the 
developing regions and economies are making efforts to bridge the so- 
called “digital gap”. For example, some developing regions has pro
vided conceptual framework and SWOT analysis for its Member states to 
harness digital technologies and innovations in transformation of the 
societies and economies [55,70,75,89,264]. Those digital strategies are 
designed particularly to promote digital integration, generate inclusive 
economic growth, break the digital divide, promote public-private 
partnerships, and eradicate (learning) poverty for the socio-economic 
and pedagogical development and ownership of modern tools and 
technologies [55,70,75,89,264]. Indeed, the main objectives and com
ponents of the stated strategies include: To build a secured digital sys
tem, Expand access to open, interoperable, reliable, and secure internet, 
Expand access to and adoption of key enabling digital technologies, 
platforms, and services, Facilitate investment and partnerships in digital 
economy and ecosystem, Enable the coherence of existing and future 
digital policies and strategies at both regional and national levels and 
mobilize effective cooperation between institutions, and Promote open 
standards and interoperability for cross-border trust framework, per
sonal data protection and privacy at large [55,70,75,89,264].

Along these lines, the scientific impact and relevance of this current 
review study is summarized as follows: 

• It offers a valuable contribution to understanding the pedagogical 
impact of digital technologies in education, using the PRISMA 
methodology for systematic reviews to assess barriers and opportu
nities to effective adoption of the digitalized-education in the various 
contexts (COVID-19 and Rural Education Development). By exam
ining n=324 studies published between 2017 and 2023, it provides a 
comprehensive overview of the challenges and opportunities related 
to digitalized-education both pre-, intra-, and post-pandemic, with 
particular attention to rural education development [27,34,35,58,
60,101].

• One of the most significant contribution and strengths of this 
research is its attention to the "digital divide" as a primary barrier, 
especially in remote regions where limited access to digital resources 
impedes effective educational outcomes. This insight addresses a 
crucial issue in contemporary education that has become even more 
relevant due to the recent pandemic. The study’s focus and findings 
on access disparities highlights the need for sustainable, scalable 
solutions to bridge this (digital) gap, aligning well with the UN’s 
Sustainable Development Goals (SDGs) for inclusive and equitable 
quality education and delivery (see Table 4) [3,10,11,25,26,163,
170,238].

• The use of PRISMA methodology further enhances this current 
study’s rigor by providing a structured approach to evaluating 
existing literature, ensuring a thorough and unbiased examination of 
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sources. Additionally, the study’s findings and recommendations on 
"scalable practices for effective digital education" highlight practical 
implications that can inform policy decisions and support educa
tional institutions in crafting more inclusive and resilient digital 
learning environments [24,58,102,104,106].

• Overall, considering the post-pandemic education and future pros
pects of this study, this paper is both timely and impactful by offering 
critical insights that are essential for understanding and addressing 
the challenges of digitalized-education, especially in underserved 
regions. The study’s alignment with the global sustainable develop
ment goals (SDGs) adds to its relevance, making it an important 
contribution to the field of educational technology and pedagogy, 
worldwide [45,51,52,55,56,101,129,138,173,265–267].

5.2. Limitation and future directions for research

In this study, a systematic review and synthesis of publications in the 
use of digital technologies in education within the rural development 
and COVID-19 context is presented. However, the authors acknowledge 
that it may come with some limitations. The findings and recommen
dations by the authors are based on data we collected for a seven-year 
period (2017-2023) to cover research and publications done during 
the pre-, intra-, and post-COVID-19 periods and rural education devel
opment context. There could be potentially other themes or impounding 
factors (e.g., restrictions in databases, missing alternative keywords, or 
wider scope in number of database searched, etc) that may exist or 
emerge outside the studied period in the available literature, which may 
lead or systematically utilized to shed more light on the topic. Further 
data can be collected by future studies to cover a wider scope, database, 
alternative keywords, or timespan.

Furthermore, the authors triangulated the outcome of this study with 
the UN’s SDG goals and targets, particularly as it concerns the use of 
digital technologies upon achieving the quality of education. While the 
study has pointed to some of the key indicators or factors that may serve 
as guideline for more robust future research in the topic or policy 
recommendation for the stakeholders; it is also important to mention 
that more research is needed to identify the individual countries’ spe
cifics or issues in the use of digital technologies in education by iden
tifying the reach, barriers, and bottlenecks to the wide adoption of the 
digitalized-education in the diverse countries and hemisphere. For 
example, language bias or barrier could be one of the limitations. We 
found that approximately 95.7 % of the total reviewed articles were 
published in English compared to other languages. This can pose chal
lenges for the non-English speaking stakeholders (researchers, teachers, 
students, educational institutions, government agencies, policymakers) 
that mostly dominate the rural contexts or resource-limited regions, 
which may in turn, result in underrepresentation of localized educa
tional practices, challenges in digitalized-education, or underrepresen
tation of countries in the developing or resource-constrained regions.

Lastly, the authors note that the Text mining method we performed 
to understand the polarity or emotional valence (EV) scores of the 
analyzed studies, represents as an innovative method for conducting 
systematic review and meta-analysis of existing studies or educational 
dataset, and to the best of our knowledge, there could be few to no 
studies in the literature that have applied the method for meta-analysis 
or systematic reviews. Consequentially, this study serves as a method
ological roadmap for future and further research andreviews to come 
that adopts the same data-structure approach.

6. Conclusion

This review identified the pedagogical impact and opportunities to 
the use of digital technologies in education. It used the PRISMA meth
odology to explore the available literatures by identifying the potential 
barriers, challenges, and opportunities to effective adoption of the 
digitalized-education, taking into account the pre-, intra-, and post- 

pandemic and rural education development factors. Covering a period 
of seven-years (2017–2023), it looked into the modest contributions of 
the selected studies (n = 324). The data analysis process include: trend 
examination, geographical and contextual diversity of the dataset, and 
thematic synthesis of the digital technologies’ benefits, challenges, and 
implementation done in the context of COVID-19 and rural education 
development. This was done using methods such as Concept mapping 
and Text mining by leveraging data visualization and analytics tools 
such as: VOSviewer, Tableau, and R Statistics software. Consequently, it 
identified the “digital divide” as the main challenge to the effective 
adoption of digitalized-education and/or attainment of the quality of 
education and its delivery by the educators, particularly in the remote or 
underserved regions. In addition, the paper critically shed light on the 
main implications of the study’s review findings upon a scalable and 
sustainable educational practices, including their alignment with the 
UN’s global sustainable development goals (SDGs) that are directly in 
line with the quality of education, reduced inequalities, and 
development-oriented society, at large.
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