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ABSTRACT
Incorporating quantitative analysis, qualitative case 
studies, and game-theoretic modelling, this review 
article takes a mixed-methods approach to assess the 
educational and economic effects of digital learning 
platforms. In this study, we analyse data from a variety 
of global organizations to determine things like stu-
dent outcomes, cost-efficiency, internet penetration, 
and access to digital platforms during the COVID-19 
pandemic. The correlations between digital infrastruc-
ture and educational outcomes were investigated using 
statistical analyses, and the operational cost savings 
and scalability of digital learning were quantified using 
regression models. Three developing nations, name-
ly, Brazil, India, and Kenya, that used digital learning 
platforms during the pandemic are examined in detail 
in the study. Topics covered in these case studies in-
clude the digital divide, infrastructure constraints, and 
the adaptability of digital platforms for disadvantaged 
populations, as well as the specific difficulties and tri-
umphs encountered by each nation. Case studies in 
India, Kenya, and Brazil all centre on different aspects 
of digital platform integration in rural schools, mobile 
learning solutions’ impact on expanding educational 
opportunities to underserved areas, and the impor-
tance of removing socioeconomic barriers from public 
schooling in Brazil. The strategic interactions between 
important stakeholders, including governments, educa-
tional institutions, students, and technology providers, 
were also modelled using a game-theoretic analysis. 
Using payoff matrices, the research shows the costs 
and benefits that each stakeholder considers when 
choosing between expensive but high-quality platforms 
and cheaper but lower-quality alternatives. Findings 
highlight the significance of stakeholder alignment and 
collaboration in achieving educational outcomes that 
are both cost-efficient in the long run and optimized for 
individual stakeholders. Digital learning platforms offer 
considerable scalability benefits and reduce costs per 
student by 25–30%, as shown in this review. Conse-
quently, they are cost-effective educational solutions. 
Having said that, these platforms can only succeed if 
digital infrastructure and institutional funding are read-
ily available. Enrolment, retention, and student out-
comes have all improved in regions with strong internet 
access, while areas with weak infrastructure still strug-
gle greatly with equity in access and academic achieve-
ment. Digital infrastructure is crucial to the success of 
educational models worldwide. The long-term advan-
tages for institutions and students are best achieved 
through strategic, high-quality investments in digital 
platforms.
Keywords: Digital learning platforms, Cost-efficiency, 
Educational outcomes, Digital infrastructure, Game 
theory, COVID-19, Digital divide, Scalability

Introduction
The proliferation of online learning platforms has 
revolutionized the way schools operate by providing 
more adaptable, scalable, and economical alternatives 
to brick-and-mortar schools.1 The growth of adaptive 
learning platforms, Learning Management Systems 
(LMS), and Massive Open Online Courses (MOOCs) has 
changed the way that education is provided, accessed, 
and managed around the world.2 The rate of change has 
sped up since the COVID-19 pandemic forced schools 
around the world to switch to online and hybrid pro-
grams. With the help of digital learning platforms, 
teachers can tailor their lessons to each student and 
focus on their needs.3 Interactive content, tools that 
adapt to different learning styles, and tests that happen 
in real time let students learn at their own pace. Also, 
these sites make it easier for teachers and students in 
different parts of the world to work together. However, 
the widespread use of these technologies has started 
ongoing arguments about how long digital education 
will last, its cost, and its efficiency. Even though there 
are many good things about online education, access, 
the digital divide, and quality control are big concerns.

Changing focus from traditional classroom methods 
to online resources has cost a lot of money. Classrooms, 
libraries, and dorms are all physical structures that are 
necessary for traditional schools to work. Digital learn-
ing platforms, on the contrary, have much lower oper-
ational costs because they do not need any physical 
space or materials. After the initial investment in tech-
nology infrastructure, it does not cost much more to 
allow a lot of students to use these platforms. Because 
of this, many believe that online education can attract 
more students at a lower cost and in locations with 
insufficient physical facilities. Digital platforms usu-
ally make education more affordable for students by 
removing the need to pay for transportation, hous-
ing, and other direct expenses associated with going 
to a traditional school.4 As an example, MOOCs have 
democratized education by making high-quality edu-
cation accessible to anyone, anywhere in the globe at 
little or no cost. Having said that, there are some issues 
with the economic model of digital education. The cost 
of creating and maintaining digital platforms, provid-
ing technical support, and ensuring that educators 
are adequately prepared to teach online can quickly 
mount up. While taking classes online can help with 
budgets, it does mean that students in less developed 
countries or those living in rural areas will need access 
to a computer and the internet regularly, which can 
exacerbate existing educational gaps.5

One great thing about digital learning platforms is 
that they can help students who might not be able to go 
to a regular school. Students who live in low-income, 
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rural, or otherwise inaccessible areas can get an educa-
tion despite physical and logistical problems by using 
online resources.6 Online learning environments are 
also great for students who have disabilities or other 
issues that make going to a regular school hard. To 
be available, this, on the contrary, needs digital infra-
structure, like having the right devices and a steady 
internet connection. People in low-income countries 
cannot get to these resources, which is a big problem 
when we try to minimize the digital divide. A lot of 
money needs to be spent on infrastructure, supporting 
systems, and teacher training before digital platforms 
can fully live up to their promise of making education 
more accessible. The goal of these platforms is to make 
learning more personalized, but if accessibility is not a 
top priority, it may make inequality worse. Some things 
that might make digital education less accessible are a 
lack of content in multiple languages, not enough help 
for students with disabilities, and user interfaces that 
are not well thought out.

Students who take classes online can also choose to 
learn at their own pace, which may help them be more 
productive and remember things better. Digital tools 
like multimedia content, interactive simulations, and 
working together with other people can make engage-
ment much higher. However, online education is not 
considered as good as traditional classrooms because 
it does not give each student the one-on-one attention 
and help that they need.7 Although students can learn 
online, they might not get the same structure, motiva-
tion, and responsibility as they would in a traditional 
classroom. It is because students have trouble con-
trolling themselves and managing their time without 
being directly supervised by teachers that a lot of them 
do not finish their online classes, especially MOOCs. 
The overall quality of digital education is affected by 
how easy it is for students to use the platform, how 
much help is given to students, and what resources 
are available to the school. If you have the right mix of 
skilled teachers, cutting-edge technology, and enough 
money, online education can be just as useful as tradi-
tional classroom instruction.8

The main goal of this review is to answer the ques-
tion: What effects, if any, have easier access, lower 
costs, and better results in online education had on 
students? The way these three parts work together will 
help us fully understand how digital learning fits into 
the overall school system. Our goal of the study is to 
find out if digital platforms can replace or make tradi-
tional school systems better in trouble spots like devel-
oping countries.

Objectives of the Review
i	 To find the amount of money that digital learn-

ing platforms save as compared to older ways of 
teaching.

ii	 To determine how online resources can help under-
privileged areas and developing nations increase 
their students’ access to quality education.

iii	 To find out how digital learning impacts student 
engagement, retention, and performance in the 

classroom; and evaluate the variables that influ-
ence these outcomes.

iv	 Considering the educational demands and diffi-
culties on a worldwide scale, investigate the via-
bility of digital learning platforms over the long 
run.

Literature Review
The economics of education have recently been in the 
news in a way that has never been seen before due to 
online learning platforms. Many studies have been 
done in the last twenty years to find out if online edu-
cation is possible, how much it costs, and how well it 
works. Researchers support digital platforms because 
they think they can lower tuition and make education 
more accessible for more people.9 Because of how 
quickly online education grew during the COVID-19 
pandemic, recent studies have changed their focus 
from looking at how these platforms can be scaled up 
and made more accessible to exploring how they affect 
learning outcomes and the finances of institutions. 10

The Evolution of Digital Learning
When schools first started offering online classes, 
Blackboard and Moodle were the first LMSs to do 
so.11 In terms of digitizing education, these resources 
were a step forward, but their main goal was to add 
to traditional classroom teaching, not replace it. Big-
ger changes happened when MOOCs came out in the 
2010s. Sites like Udacity, Coursera, and edX that 
allow to learn online have made school easier for a 
lot of people.12 Online MOOCs allow students from all 
over the world to learn from well-known universities’ 
high-quality materials. Many academic and profes-
sional subjects were covered in the classes, including 
computer science, business, and data analytics.

The best thing about MOOCs was that anyone in the 
world could take them and learn. People who could 
pay for college or lived close to well-known univer-
sities like Stanford, Harvard, or MIT did not have as 
much access to their great academic resources before 
they were made public.13 Large-scale open online 
courses (MOOCs) have taken away the problems that 
students from low-income families or those who could 
not afford to go to a top university used to have.14 
MOOCs are also helpful because they let students go at 
their own speed. This makes it easier for them to go to 
school and do other things, like work and family. The 
courses were easier to use and more interactive than 
traditional distance learning because they had video 
lectures, reading materials, quizzes, and peer forums.

MOOCs were praised at first, but a low comple-
tion rate makes people question their functioning.15 
Researchers led by Hew et al.16 found that only 7–10% 
of students who signed up for MOOCs were able to 
finish them. There are many reasons why completion 
rates are so low, such as the fact that students do not 
feel motivated, interested, or supported in a traditional 
classroom. MOOCs are made so that thousands of stu-
dents can take them at the same time. This makes it 
hard for teachers to give each student personalized 
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feedback or help them with specific problems. Students 
had a hard time staying motivated in online classes 
because they did not get the one-on-one attention from 
teachers or the chance to network with classmates 
that they do in regular classrooms. With set due dates, 
regular feedback, and one-on-one conversations, a 
traditional classroom is a better place for students to 
stay engaged and responsible.17 Many MOOCs, on the 
contrary, did not have enough ways to make sure that 
students stayed on track because they were mostly self-
paced and independent. Even though this brought a lot 
of people to the platform, it did not help their educa-
tion. Because MOOCs are free or very cheap, students 
may not be able to afford to invest in them, which could 
be one reason for this trend.

The low completion rate of MOOCs made course 
providers realize that they add certifications and cre-
dentials as an option for students to pay for when they 
finish the course.18 By tying MOOCs more closely to 
actual career advancement and professional develop-
ment, the hope was that their perceived value would 
rise. Students had a real incentive to finish by earn-
ing certificates that showcased their knowledge and 
abilities to prospective employers. Nanodegrees (edX) 
and MicroMasters (Udacity) are two examples of more 
recent credentialing options that have emerged on 
various platforms; they offer in-depth, field-specific 
education.19 Even though these programs were still 
less expensive than four-year colleges, they were bet-
ter organized and gave students more tools to succeed, 
such as peer support, graded assignments, and even 
live mentoring. Because students were more likely to 
stick with these more structured programs, problems 
with low completion rates went down.

Many more schools are starting to offer MOOCs and 
other types of hybrid courses that mix online materi-
als with more traditional classroom methods.20 Due 
to the digital divide, many people do not use online 
learning. In developing countries, not everyone always 
has access to the internet and tech gadgets. To stay in 
business, many online learning platforms have started 
to charge for premium content or team up with uni-
versities. This might make it harder for students from 
poorer families to get the knowledge at the lower cost 
they need.

Economic Models of Digital Education
Digital learning has both pros and cons when com-
pared to more traditional ways of learning from an 
economic point of view. 21 Unfortunately, the way class-
rooms, lecture halls, and other on-campus buildings 
are constructed means that traditional education has 
high fixed costs.22 Fixed costs that put a lot of stress 
on school budgets include building upkeep, utilities, 
teacher pay, and running the school. Because digi-
tal learning platforms do not need as much physical 
infrastructure, they can grow faster and spend less on 
technology-based lessons. Schools should have build-
ings, grounds, and services like cafeterias, libraries, 
labs, dorms, and residence halls. These investments in 
infrastructure are necessary to meet the standards of 

today’s schools, but they can be costly and often need 
to be kept up to date and fixed over time.

These fixed costs cannot be cut by a lot, even if the 
number of students changes. Like, even if the number 
of students at a university goes down, it will still have 
to pay for the upkeep of its campus, staff, and facili-
ties. Old ways of teaching are expensive and hard to 
change because they are based on fixed costs. This is 
especially true for schools that do not always have a 
lot of students. On the contrary, digital learning plat-
forms do not need as much of this physical infrastruc-
ture.23 It costs much more than nothing to add a new 
student once the digital platform and course materials 
are made.

Universities can manage a lot of students from afar 
with LMS like Canvas, Moodle, or Blackboard.24 This 
means they do not have to build more campuses. 
Because of this, schools can accept students from all 
over the world, which increases their income without 
raising their costs by the same amount. Students do 
not have to be in class all the time, and they can make 
their schedules because of digital platforms that can 
deliver educational content at different times.

From 2019 to 2026, the e-learning market is expected 
to grow across different categories, as shown in Figure 1.  
The online education market is expected to grow from 
$101 billion in 2019 to $167.5 billion in 2026, mak-
ing it the leader in the sector. More than doubling 
from $19.5 billion to $48.5 billion, mobile e-learning 
is another promising growth area. Virtual classrooms 
are also anticipated to experience significant growth, 
going from $11.5 billion to $33.5 billion. E-learning as 
a whole, including LMS, is expanding at a rapid pace, 
meeting the rising demand for online courses around 
the world. The market for rapid e-learning will double 
between 2019 and 2026, even though it is still rela-
tively small. Due to rising demand for digital learn-
ing platforms and other technical developments, the 
e-learning industry is expected to grow at a rapid pace 
in the next few years.

The capacity to take advantage of economies of scale 
is a major economic benefit of digital learning plat-
forms.26 When businesses expand their operations to 
a larger scale, they can take advantage of economies 
of scale, which allow them to lower their costs per 
unit of output. A digital learning platform’s principal 
and fixed cost is the initial investment in creating the 
platform and the course content. Once the platform 
is operational, adding more students does not sub-
stantially raise costs since an almost infinite number 
of users can access the same content. In their study,  
Hennessy et al.27 emphasized that online education is 
great for expanding access in low-income and devel-
oping regions because it can be scaled up without 
drastically increasing costs. Increasing the number of 
students in a conventional school usually means add-
ing more teachers, more classrooms, and more admin-
istrative staff. Institutions can serve more students on 
a more consistent budget due to digital platforms that 
sidestep these regulations.28 This scalability is particu-
larly important for organizations that want to expand 
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their global reach or provide education in areas with-
out easy access to traditional educational institutions.

Digital learning platforms have the potential to dras-
tically lower the total cost of education for students. 
Traditional education often comes with extra costs like 
commuting, housing, textbooks, and other things that 
come up when we have to be on campus all the time. 
If kids do not have to leave the house, they can save a 
lot of money on home and transportation costs. They 
can still go to school. In particular, this is true for peo-
ple who live in places where rent is very high or who 
are studying abroad. Open educational resources, or 
openly licensed educational resources (OERs), are dig-
ital textbooks that we can get for free on a lot of web-
sites.29 Highly useful school materials can be shared 
by using OERs. Traditional schools charge a flat tuition 
fee, but digital platforms like pay-per-course or sub-
scription services allow students to choose how much 
they want to spend.

Digital platforms are changing the way schools 
make money from the old way of charging tuition to 
new ways. Coursera and LinkedIn Learning are two 
subscription models that allow students to take dif-
ferent courses for a fee that can be paid monthly or 
yearly.30 Schools can make money all year with this 
model instead of having to rely on the old way of 
charging tuition every semester. On this plan, they can 
choose more classes and have more freedom than with 
regular tuition, which for one semester costs the same 
or less. Students in online schools such as edX and 

Udacity can pay extra for things like private tutoring or 
certification, but the course materials are usually free. 
With this “freemium” model, students can get an edu-
cation for free or very little cost. When students pay for 
a diploma or a better learning experience, the school 
makes money. 31

Another new trend is for digital learning platforms 
to work with companies to give their employees train-
ing and skill-building. While, working with Udacity big 
internet companies like Google and AT&T, make “nano 
degrees” that fit the needs of certain fields. Firms are 
ready to spend money to help their workers learn new 
things, so these partnerships make sure that online 
schools always have cash. Some platforms get some 
of their money from ads and sponsored content. Sites 
that teach job skills and professional development 
may use ads to make the courses cheaper. This way, 
the sites can charge students very little or nothing at 
all while still making money for the sponsors. In more 
formal school settings, this does not happen as often.

To promote a digital world that is sustainable, inclu-
sive, and trustworthy, Figure 2 showcases six import-
ant global outcomes. With these results in mind, we 
can work towards a world where people of all ages, 
genders, and socioeconomic backgrounds have equal 
opportunities to use the Internet and other digital tech-
nologies. It stresses the need for competent and ethical 
digital transformation by governments, businesses, 
and civil society. To ensure governance that addresses 
the transnational nature of digital connectivity, policies 

Fig 1 | Size of the global e-learning market in 2019 and 2026, by segment (in billion U.S. dollars) 
Source: Statista Research Department. Statista.25
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Fig 2 | Six Shared Global outcomes to achieve a sustainable, inclusive, trustworthy and digital world 
Source: Krasikova et al.32 (World Economic Forum).

should be informed and appropriate for the digital age. 
Digital identities can be both safe and welcoming due 
to the framework’s emphasis on resilience and security 
in digital practices.

A digital learning platform is a better, more scalable 
business model, but it has drawbacks. Building the plat-
form, creating good content, and training teachers may 
be expensive. Schools must invest in infrastructure, 
security, and customer service to make their platforms 
safe and useful for students. Traditional schooling 
must be rethought as more people learn online. If 
schools rely on high tuition fees to pay for buildings 
and teachers, going online may require them to change 
how they operate and how much they charge. Schools 
may also be hesitant to use digital learning tools due to 
concerns about education quality and accreditation. 33 
Digital divide issues occur when low-income or devel-
oping countries lack reliable internet and technology. 
If everyone had the Internet, education could be fairer. 
If some groups cannot fully benefit from online learn-
ing, it could be unfairer. Despite these issues, online 
education could significantly reduce school costs 
worldwide by offering cheap and flexible learning to 
students worldwide.

Accessibility and Inclusivity in Digital Learning
Online classrooms are a great way for people who 

used to not be able to go to school to learn. Some of the 
ways they make it easier to go to school are by taking 
care of issues with location, transportation, and sched-
ules. Digital platforms can make it easier for everyone 
to get what they need and work better when they are 
used correctly. Some of these are the ways through 
which the platform is designed, technology is set up, 
and whether support systems are available for different 
types of learners. Being able to learn from anywhere is 

one of the best things about online classrooms. It might 
be hard or impossible for students who live in areas 
that are far away, not well served, or otherwise ignored 
to get to regular schools. By letting all students access 
learning materials from anywhere, these platforms can 
help close the achievement gap. They only need a com-
puter or phone that can connect to the internet.

For instance, online learning platforms can make 
high-quality learning materials available in places 
where there are not many educational resources.34 For 
students from poor areas, this decentralization of power 
could end racial differences in educational attainment 
by making it easier for them to get a good education.35 
These platforms usually have content in more than one 
language so that they can serve students who speak 
different languages. Asynchronous learning, which lets 
students access course materials and do homework at 
their own pace, is another benefit of digital platforms 
besides the fact that they remove physical distance.36 
This feature will be very helpful for students who work, 
live, or are related to people in a different time zone than 
their classmates, or who have other obligations that 
keep them from going to class at regular times.

For disadvantaged groups to have better access, 
there needs to be reliable digital infrastructure like the 
Internet and the right devices.37 Numerous people still 
have a hard time getting reliable broadband internet 
access in many parts of the world. In 2020, UNESCO 
collected data that showed that almost half of the peo-
ple in the world do not have access to the internet.38 
Students who live in places with bad internet may find 
it harder to learn because they have to deal with more 
interruptions, slower download speeds, and not being 
able to stream videos. 39 The same is true for students; 
some might not have access to new tech like desktops, 
laptops, or tablets.
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When platform developers make digital learning 
environments, they should use universal design prin-
ciples. These principles are based on the idea that all 
students, no matter how smart they are, should have 
easy access to learning materials. To do this, we make 
sure that content can be accessed by students with 
disabilities, offer different types of content (like text, 
audio, and video), and give students a lot of different 
ways to interact with and be graded on the content. 
Digital learning platforms are more flexible and allow 
for more personalization than traditional classrooms. 
Smart phones are useful, but they are not always the 
best way to do homework or participate in interactive 
classes. For online learning to work, we need to be able 
to connect to the internet regularly. But in many parts 
of the world, going online is either not possible at all 
or costs a lot of money. It is important to have access 
to the internet and hardware, but it is also important 
to be digitally literate or know how to use technology 
well.

Investing should do more than just building digital 
learning platforms if they want to make them truly 
accessible and open to everyone. For digital learning 
to work, governments, schools, and tech companies 
need to put money into infrastructure, training for 
teachers, and support systems. A very important first 
step is to give underserved and rural areas reliable 
internet access. Part of this is making sure that fami-
lies with low incomes can get broadband more easily 
and for less money. One way to fix these infrastructure 
problems is for the government and businesses to work 
together on projects that make digital devices cheaper 
for both students and teachers. Tech-savvy teachers 
need to be taught how to use it most effectively in the 
classroom. When teachers know how to use digital 
platforms well, they can help their students more and 
get the most out of the features these tools offer.

Impact on Student Outcomes
Being able to learn online has both good and bad 
points. Some pros are being able to learn and change, 
while some cons are not being motivated or interested 
in learning and having a bad overall learning experi-
ence. To keep students interested, the platform can 
also give them more difficult material to work on if they 
show they can handle it. Being able to adapt lessons 
to the needs of each student is a huge improvement 
over the traditional classroom, where teachers have to 
change their lessons all the time to meet the needs of 
students with very different skill levels.40

Students can also use digital tools that give them 
immediate feedback on how well they understand the 
material. Most of the time, students do not get feed-
back or grades from their teachers until after tests have 
been graded by hand. On the contrary, digital simu-
lations, interactive exercises, and automated quizzes 
can give us immediate feedback which helps them fill 
knowledge gaps and improve performance along with 
retention. 41 Digital learning can help students do bet-
ter in school, in large part because it is flexible. People 
who work or have other obligations that make it hard 

to stick to a strict class schedule will benefit from this 
extra time. Students who use digital tools to help them 
balance school and other obligations may feel less 
stressed, be able to stay in school longer, and do better 
overall in school.

High school students are more likely to do their 
hard work when they use game-like elements like 
leaderboards, badges, or rewards for finishing assign-
ments.42 There are peer collaboration tools on a lot of 
different digital platforms that allow students from all 
over the world to work together, share ideas, and give 
each other feedback. With peer review systems, group 
projects, and discussion boards, students can feel like 
they are part of a community and be interested in the 
course material, which is not always possible with tra-
ditional online education. 43 More engaged students 
and a better learning environment made possible by 
these social interactions may have positive effects on 
how well students do in school.

When kids are in a regular classroom, they can ask 
their teachers questions, get quick answers, and get 
help right away. Body language and facial expressions 
can help teachers figure out which students need 
extra help and give it to them. Unfortunately, students 
may feel alone and disconnected from their teachers 
when they are learning online because they cannot 
have the same level of immediate, face-to-face inter-
action.44 Online learning has many benefits over tra-
ditional classrooms, but one big problem is that there 
is no structure or accountability. A traditional educa-
tion is based on going to class regularly, participating 
in class discussions, and turning in assignments on 
time.

Every year, thousands of students sign up for 
MOOCs. However, many of these students have trou-
ble because the courses are not structured. Notably, 
7–10% of students who sign up for a MOOC finish 
it.45 So, even though MOOCs give students access to 
high-quality educational content, the fact that they do 
not offer personal interaction, guidance, or account-
ability can make many students lose interest and have 
bad results. In digital learning environments, students 
face unique problems, such as having to self-regulate 
and possibly not getting the help they need when they 
are having trouble. According to the research, there 
are several benefits and drawbacks to utilizing digital 
learning platforms in modern classrooms.46 Although 
these platforms have great potential to make learning 
more accessible, personalized, and engaging for stu-
dents through adaptive technologies, they are often 
hindered by issues like low completion rates, insuffi-
cient personal interaction, and inequalities in internet 
infrastructure. It is already difficult to generalize about 
how digital platforms affect student outcomes because 
of the large variation in platform quality and institu-
tional support. There is evidence in the literature that 
suggests remote and disadvantaged communities may 
benefit from digital learning opportunities. But for it 
to work, we must execute it with care, offer learners 
ongoing support, and collaborate to eliminate the 
digital divide. Further research is needed to optimize 

https://doi.org/10.70389/PJCS.100001


7DOI: https://doi.org/10.70389/PJCS.100001 | Premier Journal of Computer Science 2024;1:100001

REVIEWPREMIER JOURNAL OF COMPUTER SCIENCE

digital learning for various educational settings and to 
investigate its long-term impacts.

Methods
Online learning environments’ monetary and pedagog-
ical effects are thoroughly evaluated in this article that 
uses a mixed-methods approach, combining quantita-
tive and qualitative methodologies. A global perspec-
tive on the impact of digital platforms on education 
has been sought after by this method, which seeks to 
combine statistical insights with real-world case stud-
ies and theoretical frameworks. Both general tenden-
cies and specific instances will be captured in this way. 
Some of the methods used in this review include sta-
tistical analysis, synthesis of the literature, case study 
reviews, and the application of game theory through 
matrix analysis.

Statistical Analysis
This study uses a dataset that shows trends in edu-
cation around the world. We utilize some of the most 
important variables from the World Bank and the Inter-
national Telecommunication Union. One of these fac-
tors is internet penetration, which shows the extent to 
which digital infrastructure is available by measuring 
the number of people in a region that can connect to 
the internet. The easiness for students to use digital 
learning platforms shows the efficiency of these plat-
forms. This variable is very important for figuring out 
how people in low-income areas and other areas use 
digital resources. More students got their start by using 
digital platforms. Some people think that digital edu-
cation could save money for each student compared to 
more traditional methods. The reason for this is that 
digital platforms have lower costs of operation and can 
grow more easily.

One way to find out how well digital platforms keep 
students’ attention and allow them to keep learning 
is to look at retention rates, which are the percent-
age of students who stay interested in their courses 
over time. Another variable that describes that online 
education raises grades is the completion rate, which 
is the percentage of students who finish all of their 
coursework. This method made sure that the dataset 
included educational and economic factors from all 
over the world so that a full analysis of digital learning 
platforms could be done in a range of socioeconomic 
and infrastructure settings. The data makes it possible 
to look at the bigger effects and trends of online educa-
tion around the world by combining quantitative mea-
sures like cost-effectiveness with measures of student 
outcomes.

Case Study Review
During the COVID-19 pandemic, Kenya, India, and 
Brazil were three developing countries that used online 
learning platforms. We chose these countries based on 
things like how different their landscapes were, how 
well their digital infrastructure worked, and the unique 
educational problems each of these countries had to 
deal with during the global shift to distance learning. 

Along with the quantitative data, the case studies give 
a thorough qualitative analysis that shows how digital 
education changed access and outcomes for communi-
ties that were already struggling.

India is an interesting case study because of the 
work it has done to connect its old school systems with 
new ones, especially in rural areas. We have explored 
digital learning platforms in India by focusing on  
how the public and private sectors worked together to 
make these platforms available to people in rural areas 
that do not have access to basic infrastructure like 
power plants and internet connections. Our discussion  
emphasized how the government is using mobile 
internet to fix problems with infrastructure, using the  
DIKSHA platform as an example.

Our case study will centre on Kenya and how mobile 
learning platforms are helping to expand access to 
education in rural areas that lack easy access to con-
ventional schooling. Digital learning solutions that 
rely on mobile devices would do well in Kenya due to 
the country’s high rate of mobile internet penetration. 
In this research, we have examined the way through 
which mobile learning services like Eneza Education 
have helped students who would have trouble getting 
an education otherwise. Through an examination of 
Kenya’s mobile-first strategy, this case study demon-
strated the extent through which digital platforms can 
bridge the digital achievement gap in regions with 
variable or nonexistent fixed internet service. As an 
alternate perspective, Brazil sheds light on the gov-
ernment’s efforts to combat socioeconomic barriers 
in public schools by implementing digital education 
platforms during the pandemic. A big part of Brazil’s 
digital education plan was to reach students from 
low-income families, whose parents might not know 
how to use computers or have access to the internet. 
Focussing on areas like favelas and rural areas with 
spotty internet in the study, we have investigated Bra-
zil to make sure everyone had the same access to digi-
tal learning tools.

Proactively comparing these three countries, we 
can see patterns like the digital divide, which happens 
when people do not have equal access to technology 
and makes it harder for everyone to learn, and infra-
structure problems, which determine the future of dig-
ital platforms. When we examine how flexible digital 
platforms are in different classrooms, we will consider 
things like student involvement, the readiness of teach-
ers, and how well digital interventions work overall at 
improving academic performance.

Game Theory and Matrix Analysis
Important people in digital education are schools, 
governments, students, and tech service providers. 
The game-theoretic analysis helped us learn more 
about how their strategies worked together. As a way 
to examine strategic decision-making, we used game 
theory to model how the different people involved in 
the decision-making process might interact with each 
other when it comes to adopting and investing in dig-
ital learning platforms. A big benefit of this method 
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was that it helped people find rivalries, alliances, and 
incentives that could shape the future of online learn-
ing. We focused on scenarios where stakeholders’ 
interests could be complementary or competing and 
used payoff matrices to analyse them. Despite financial 
limitations, governments aim to ensure that as many 
students as possible can attend classes, in contrast to 
educational institutions that may prioritize efficiency 
and quality. Tech companies aim to maximize profits 
through subscription models or service fees, while stu-
dents desire accessible and affordable education. The 
possible outcomes (benefits or costs) for each stake-
holder under different scenarios were displayed in a 
matrix that we constructed; an example is presented 
in Table 1.

Our research led us to equilibrium strategies in 
which each side’s goals are balanced and maximized. 
We were able to assess the influence of stakeholder 
trade-offs on policy choices, platform adoption rates, 
and the long-term viability of digital education mod-
els by applying game theory to the situation. The eco-
nomic and social dynamics involved in introducing 
digital platforms into classrooms can be better under-
stood with the aid of these insights. Digital learning 
platforms’ effects on education’s bottom line can be 
better understood with the help of this mixed-methods 
strategy, which integrates quantitative data analysis, 
case study reviews, and game-theoretic modelling. By 
bringing together different approaches, we intend to 
record not only worldwide tendencies in online edu-
cation but also the specific countries’ and institutions’ 
experiences. Incorporating game theory into the anal-
ysis process adds a new layer of clarity to the various 
stakeholders’ strategic decisions and how they will 
shape education going forward.

Table 1 | Stakeholder matrix Stakeholder Adopt a High-Quality Digital Platform (High Investment) Adopt a Low-Cost 
Digital Platform (Low Investment)

Government High cost, High benefit (Improved student outcomes) Low cost, Low benefit (Minimal improvement in 
outcomes)

Educational Institution Medium cost, medium benefit (Improved access but with 
resource constraints)

Low cost, Low benefit (No significant improvement 
in access or quality)

Source: Authors Calculations

Table 2 | Regression analysis

Variable Coefficient Standard Error T-statistic P-value 95%  Confidence 
Interval Lower

95% Confidence  
Interval Upper

Constant 36.03 3.29 10.94 2.16e-18 29.49 42.57

Internet penetration 0.337 0.028 11.89 2.25e-20 0.281 0.393

Device access 0.414 0.029 14.20 5.08e-25 0.356 0.472

Cost efficiency 0.542 0.060 9.03 2.26e-14 0.423 0.662

Teacher experience 0.196 0.180 1.09 2.80e-01 −0.162 0.555

Government investment 0.00198 0.0005 3.97 1.20e-04 0.0010 0.0029

Parental support −0.285 0.080 −3.56 4.55e-04 −0.445 −0.125

Source: Authors Calculations

Results
This section presents the results of the methodol-
ogy, which outlined a mixed-methods approach. The 
findings are categorized into three primary areas: the 
effect on accessibility, student outcomes, and cost- 
effectiveness. The results were supported by case stud-
ies, and game theory, which provided insight into the 
dynamics of stakeholder interactions and the poten-
tial advantages and disadvantages of adopting digital 
learning platforms.

In Table 2, government investment has a positive 
coefficient of 0.00198, meaning that an increase in 
investment (in millions of USD) is positively correlated 
with completion rates. Parental support, with a coeffi-
cient of –0.285, suggests that lower parental support 
is associated with a decrease in completion rates, and 
both control variables are statistically significant at 
the 0.001 level.

The regression analysis shows interesting con-
nections between important factors related to digital 
learning and the number of students who finish their 
courses. This gives a true picture of how these factors 
work in the world of education. The constant term of 
36.03 means that the baseline completion rate would 
stay around 36% even if there were no major improve-
ments to the digital infrastructure. In school systems 
that have not fully embraced digital platforms but still 
manage to get some students to do well, this is what 
usually happens.

As the coefficient for internet penetration goes up to 
0.337, it becomes much more important for improv-
ing completion rates. The completion rate goes up by 
about 0.34 percentage points for every 1% rise in the 
number of people who have access to the internet. This 
shows how important having access to the internet is 
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Cost-Effectiveness of Digital Learning Platforms
Economics studies conducted at various educational 
institutions have shown that using online learn-
ing platforms rather than the more conventional, 
in-person methods considerably cuts costs. Costs per  
student fell between 25% and 30% on average.47 The 
scalability of digital platforms is vital in generating 
these cost savings because adding new students after 
the initial investment in technology infrastructure 
has a low marginal cost. Less demand for classroom 
space, utilities, and maintenance is the main driver 
of reductions in physical infrastructure costs. As more 
education moved online, these became superfluous. 
The move away from printed textbooks and towards 
digital resources like e-books and the internet has also 
cut down on printing and distribution expenses.48 The 
use of digital tools for administrative tasks, such as 
automated grading systems and digital quizzes, also 
led to time savings for faculty. One major obstacle, par-
ticularly for smaller institutions or those in developing 
nations, was the initial setup of digital learning infra-
structure, which included servers, internet bandwidth, 
and LMS. Regardless, the upfront investments paid off 
in the long run with significant operational savings, so 
the costs were worth it.

The most notable savings in terms of classroom 
space and printed materials were seen in the use of 
digital learning platforms, as shown in Table 3. These 
operational expenses were significantly reduced with 
the shift to online education, allowing for more scal-
able education.

Impact on Accessibility
During the COVID-19 pandemic, case studies in Brazil,  
India, and Kenya showed that online education had 
a major influence on students’ ability to get an edu-
cation. Students from underprivileged areas were 
able to access high-quality education in nations with 
strong internet infrastructure because digital platforms 
helped close the gap between rural and urban educa-
tion systems. Millions of students in rural areas of 
India were able to finish their schooling even  though 
the country was hit hard by the pandemic due to the 
government’s investment in digital learning, especially 
through mobile internet and platforms like DIKSHA.49-51 

in the real world as a base for digital learning. Because 
they can access more online resources and learn-
ing platforms, students are more likely to finish their 
courses where internet access is high, like in developed 
countries or cities.

Access to devices has a strong positive relationship 
with how well students do in school (0.414). The com-
pletion rate goes up as more students get computers, 
tablets, or smartphones. In many low-income coun-
tries, getting a device has been hard in the past. But 
now, governments and non-governmental organiza-
tions (NGOs) are focussing more on programs to get 
students cheap or free devices. This variable’s big effect 
makes these kinds of programs even more important 
since students who have access to devices can use 
online materials, interact with others while learning, 
and take tests more reliably.

With a coefficient of 0.542, cost efficiency also has 
a big effect on completion rates. Governments and 
schools can spend more on good learning materials, 
support services, and teacher training when they use 
digital platforms that cut costs. This helps students 
do better in school. This variable shows that digital 
education can help the economy in the long run. In a 
global sense, countries that have invested in scalable, 
low-cost digital solutions like large-scale online course 
platforms have seen a big rise in the number of stu-
dents who stay in school and finish, especially during 
the pandemic.

While teacher experience is linked to higher comple-
tion rates, the coefficient is only 0.196 and the p-value 
is higher. This means that while more experienced 
teachers may help improve outcomes, their effect is not 
as direct as infrastructure factors like having access 
to the internet and devices. In real life, this may show 
how hard it is for many teachers to get used to digital 
platforms, even if they have been teaching for a long 
time. This is especially true in places where profes-
sional development for digital teaching is scarce.

To raise completion rates, government investment is 
very important (with a coefficient of 0.00198). Higher 
completion rates are seen in countries that have put a 
lot of money into building strong digital learning eco-
systems. For example, by offering broadband access 
or making public online educational platforms, these 
countries tend to have higher completion rates. This 
is especially important in places like India and Bra-
zil, where the government has been trying to close 
the digital divide. Lack of parental support is linked 
to lower completion rates, as shown by the negative  
coefficient of –0.285 for parental support. This find-
ing is especially important in places were going to 
school is seen as a luxury or where parents do not 
know much about computers and the internet. In the 
real world, this means that even if there is good tech-
nology, a student may not be able to do well if their 
parents are not involved or encouraging them. This 
shows the importance of programs that involve the 
whole family and the community to make sure that 
digital learning is fully adopted by both students and 
their families.

Table 3 | Comparative analysis for savings from digital 
learning and traditional learning platforms
Cost Category Traditional 

(USD)
Learning Digital 

(USD)
Learning % 

Savings

Classroom 
Space &

$500 $50 90%

Utilities Printed 
Materials

$200 $30 85%

Faculty Time & 
Admin

$400 $250 37.5%

Total Cost Per 
Student

$1,100 $330 70%

Source: Authors Calculations
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On the contrary, students in Kenya’s underserved areas 
had a harder time making good use of mobile learning 
platforms due to the country’s digital divide.52 Simi-
larly, in Brazil, digital platforms were not widely avail-
able due to socioeconomic factors, particularly in rural 
areas and favelas where internet connectivity was 
unreliable. During the COVID-19 pandemic, digital 
learning platforms saw a dramatic surge in enrolment, 
particularly in areas with strong internet connections. 
Our research of worldwide data shows that digital plat-
forms have contributed to narrowing the achievement 
gap in countries where internet access is widespread. 
This is because, unlike before, they made high-quality 
education accessible to students in underprivileged or 
far-flung places. With the advent of digital platforms 
in rural schools, students who were previously unable 
to attend school due to distance were finally able to 
do so. Government support for digital learning tools 
and the proliferation of mobile internet helped narrow  
the achievement gap between India’s urban and rural 
populations.53

One major challenge that the Kenyan case study 
highlighted was the digital divide. Digital learning 
was more challenging to implement in areas with 
poor or nonexistent internet connection, even though 
mobile learning platforms did improve educational 
access in some areas. There was a lack of access to 
a wide variety of digital educational resources for 
students in these regions due to the unreliability of 
mobile internet connections. Similarly, the Brazilian 
government’s attempts to implement online learning 
platforms in public schools have had varying degrees 
of success. Students from lower socioeconomic 
backgrounds encountered considerable obstacles, 
especially concerning device access and depend-
able internet connectivity, in their transition to the 
new digital environment, in contrast to their urban 
counterparts. Because of this, the disparity between 
students in adequately served areas and those in 
underprivileged areas became even wider.

Table 4 clearly shows that enrolments in digital 
learning platforms increased dramatically during 
the pandemic in all three nations, but the success of 
these platforms was highly dependent on the level of 
internet penetration. Highlighting the significance of 
internet infrastructure in supporting digital education, 
Kenya struggled in regions with low connectivity, in 
contrast to India and Brazil, which were able to adapt.

Student Outcomes
There was a marked difference in the impact of 

digital learning on students’ academic performance 

Table 4 | Enrolments in digital learning platforms
Country Pre-Pandemic Enrolment in 

Digital Learning
Enrolment During Pandemic Increase % Increase Internet penetration (%)

India 5 million 20 million 300% 41

Kenya 2 million 8 million 300% 17

Brazil 10 million 30 million 200% 66

depending on factors like infrastructure quality, stu-
dents’ access to technology, and the platform’s design. 
Digital learning was linked to better academic perfor-
mance in nations or regions with a high income and 
a well-developed internet infrastructure.54,55 Students 
could learn at their own pace due to adaptive learn-
ing technologies, flexible scheduling, and real-time 
feedback. When compared to students in more con-
ventional classrooms, those with more resources were 
more likely to finish the course and retain it. The oppo-
site was true in regions with inadequate digital infra-
structure or in nations with low per capita income. 
Because teachers were also adjusting to the new 
digital ways of teaching, students had trouble stay-
ing engaged because of unreliable internet, a lack of 
devices, and inadequate support. In Kenya, students 
in rural regions who depended on mobile phones for 
schoolwork performed worse academically and had 
lower completion rates than their counterparts in 
urban areas who had access to computers and fast 
internet.

Digital learning was linked to better academic perfor-
mance in high-income regions with a well-developed 
internet infrastructure. An increase in standardized 
test scores was found to be positively correlated with 
reliable digital infrastructure, according to regression 
analysis. Student outcomes were worse in low-income 
areas with weak digital infrastructure.56 For example, 
in Kenya, students whose only access to the internet 
was through their mobile phones had a hard time stay-
ing engaged and doing well in class. When contrasted 
with students who had access to computers and con-
sistent internet, this led to lower completion rates and 
worse academic performance. Similarly, Brazil’s less 
populous and economically disadvantaged regions 
encountered comparable difficulties.

Digital learning platforms improved student perfor-
mance in regions with high internet access, as shown 
in Table 5. Access to technology is critical for success-
ful educational outcomes; however, student perfor-
mance slightly declined in regions with poor digital 
infrastructure, such as low-income areas.

Digital learning platforms drastically cut opera-
tional costs, especially in physical infrastructure and 
printed materials, proving their cost-effectiveness. The 
initial setup costs were a major obstacle, particularly 
for smaller institutions. In terms of convenience, dig-
ital platforms boosted enrolment, especially in areas 
with widespread internet access. However, the wide-
spread adoption of mobile learning solutions is still 
hindered by the digital divide in countries like Kenya, 
where reliable internet access is scarce. Students’ 
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outcomes varied according to the availability of the 
internet. Due to a lack of technical resources and incon-
sistent internet access, low-income areas struggled 
academically, while high-income areas saw significant 
improvements. These results show how important it is 
to have a solid digital infrastructure and equal access 
to technology if digital learning platforms are going to 
be successful all over the world.

Game Theory and Strategic Stakeholder Analysis
Applying game theory to the strategic decisions made 
by institutions of higher education, government agen-
cies, and technology companies about the implemen-
tation of online learning platforms helps shed light on 
these decisions. Different parties involved in this con-
text aim to achieve different things as i) governments 
want to maximize public funding for education so that 
more people can afford to go to school, institutions want 
to keep tuition low while still providing quality educa-
tion, and ii) tech companies want to maximize profits 
while making sure their systems can scale. Whatever 
these stakeholders decide about investing in low-cost 
or high-quality platforms has an impact on student 
performance, long-term efficiency, and scalability. 
Through the application of game theory to the mod-
elling of policy and investment interactions, we have 
gained a better understanding of the possible outcomes 
by identifying the trade-offs that each party encounters.

Payoff Matrix: Government and Educational 
Institutions
The strategic interactions between educational insti-
tutions and governments are captured in the payoff 
matrix presented in Table 6. There are two primary 
options for both parties: either choose a low-cost, 
low-investment platform or a high-quality, high- 
investment digital platform. The decisions are rooted 
in various priorities, including short-term financial 
limitations, educational gains in the future, and the 
ability to scale.

Table 5 | Correlation between internet access and student performance
Region Internet Access (%) Average Test Score 

(Traditional)
Average Test Score 
(Digital Learning)

% Change

High-income regions 85% 78 85 +9%

Middle-income regions 60% 70 73 +4%

Low-income regions 25% 60 58 –3%

Source: Authors Calculations

Table 6 | Game-theoretic payoff matrix for government vs. educational institution (hypothetical payoffs in utility)

Government/Institution Adopt a High-Quality Digital Platform  
(High Investment)

Adopt a Low-Cost Digital Platform  
(Low Investment)

Government: High Investment (5, 4) High cost, high benefit for both (3, 2) High cost for government, low benefit for 
institutions

Government: Low Investment (2, 3) Low cost, medium benefit for government, 
medium benefit for institutions

(1, 1) Low cost, low benefit for both

Source: Authors Calculations

An educational institution’s payoff and a govern-
ment’s payoff are two hypothetical utility values, where 
the first is the payoff for the institution and the second 
is for the government (5, 4). The government pays a 
substantial price for high-quality platforms, but in the 
long run, it saves money and students benefit greatly 
(higher test scores, graduation rates, etc.). Higher lev-
els of student engagement and achievement are the 
result of educational institutions’ enhanced access to 
well-designed platforms. The government will still pay 
a substantial price if an institution chooses a cheap 
platform, but the institutions will reap fewer bene-
fits from the government’s investment because of the 
inefficient use of technology (3, 2). While the govern-
ment saves money, institutions end up paying for a 
high-quality platform’s implementation and upkeep 
if they opt for low investment while the government 
chooses for heavy investment (2, 3). The institutions 
reap moderate but not optimal benefits in terms of stu-
dent outcomes as a result of the government’s inability 
to provide comprehensive support. Since the platforms 
are less effective and scalable when both parties 
choose low-cost solutions, educational outcomes do 
not improve much. Both sides end up with less-than-
ideal results because, despite efforts to minimize costs, 
the long-term benefits are severely limited (1, 1).

Equilibrium Analysis
When institutions and the government decide to invest 
in a top-notch digital platform, the Nash equilibrium 
is reached in this matrix (5, 4). Despite the high ini-
tial investment required by both parties, this approach 
proves to be the most practical in the long run due to 
the positive effects on student outcomes and the sav-
ings experienced by the institution.

Payoff Matrix: Government and Technology Providers
Another key interaction occurs between governments 
and technology providers which is presented in 
Table 7. Governments want to expand access and 
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(such as adaptive learning, interactive simulations, 
and tools for peer collaboration) in case of payoff (5, 
6). There is a win–win situation: students get a well-
rounded education, and schools boost retention, 
engagement, and performance. For (3, 4), moderate 
results are produced by a low-cost platform that has 
some advanced features. Even if the platform is not 
great at delivering engagement or adjusting to dif-
ferent learning styles, students still gain from it. For 
payoff (2, 3), students pay more for specific features, 
but the institution does not see major improvements 
due to low institutional investment. When both sides 
choose to invest little and use simple platforms, the 
educational results are subpar, and participation and 
achievement are low (1, 2).

Equilibrium Analysis
Educational institutions should prioritize investing in 
advanced platforms that provide students with engag-
ing and personalized learning experiences, as shown 
by the (5, 6) equilibrium. In the long term, this is good 
for schools and students alike because it increases the 
likelihood that students will actively participate in and 
finish their coursework.

Strategic Insights from Game-Theoretic Analysis
These matrices allow us to see how students, educa-
tional institutions, technology providers, and govern-
ments all made strategic decisions and traded off on 
important points. This analysis reveals that high-qual-
ity platforms require significant upfront investments, 
but they pay off in the long run with better student out-
comes, more scalable institutions, and lower overall 
costs. Putting limits on digital learning because stake-
holders are focused on cutting costs in the short term 
could negatively impact students’ learning and make it 
harder to expand.

The study shows how important it is for online 
learners to work together and make sure their strate-
gies are aligned. To make sure that digital platforms 
deliver high-quality, scalable educational outcomes, 
governments, institutions, and technology providers 

improve outcomes, while technology providers are 
focused on maximizing profit by delivering digital plat-
forms at varying quality levels.

When the government puts a lot of money into it 
and the tech company makes a good digital platform, 
everyone wins. The government benefits from better 
student outcomes, and technology companies profit 
from a product that is both profitable and easy to scale. 
The government ends up spending more money with-
out getting the education it wants if it invests heavily 
but the provider gives a cheap platform that is not very 
effective (4, 3). The providers get a decent cut of the 
sale, but it is not nearly as much as they would with 
a better product. For (3,4) Both the government and 
the provider may feel limited by limited resources, but 
there is moderate success if the government makes a 
low investment and the provider offers a high-quality 
platform. When both parties choose a low investment 
level, there is little gain (2, 2). Although the platform 
is reasonably priced, it is not effective or scalable, so it 
does not improve educational outcomes and reduces 
the provider’s profitability.

Equilibrium Analysis
A win–win situation would be (6, 5), in which the 
government invests heavily and the tech company pro-
vides a top-notch platform. The government improves 
educational outcomes, and the technology provider 
makes money by providing a scalable system, so both 
parties benefit to the fullest extent possible. Neverthe-
less, if one side opts for cheap or subpar solutions, the 
advantages for both sides diminish, and the future via-
bility is put at risk.

Payoff Matrix: Educational Institutions and Students
Finally, in Table 8 we have explored how schools and 
students work together, specifically captivating a look 
at the pros and cons of paid, high-quality platforms 
vs free or low-cost alternatives that may have fewer  
features and support.

Students and schools alike reap the rewards of 
well-priced platforms with cutting-edge capabilities 

Table 7 | Game-theoretic payoff matrix for government vs. technology providers

Government/Provider Develop High-Quality Digital Platform Develop Low-Cost Digital Platform

Government: High Investment (6, 5) High cost, high benefit for both parties (4, 3) High cost for government,  for providers

Government: Low Investment (3, 4) Moderate benefit for both, lower costs (2, 2) Low cost, low benefit for both parties

Source: Authors Calculations

Table 8 | Game-theoretic payoff matrix for institutions vs. students
Institution/Student High-Cost Platform with Advanced Features Low-Cost Platform with Basic Features

Institution: High Investment (5, 6) High benefit for students and institutions 
(engagement, performance)

(3, 4) Moderate outcomes for both, limited 
benefits

Institution: Low Investment (2, 3) Low institutional investment, moderate 
benefit for students

(1, 2) Minimal benefit for both, basic access 
only

Source: Authors Calculations
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must work together to look at the pros and cons. These 
groups can make a digital learning environment that 
works well and lasts if they work together and spend 
money on good digital solutions.

The study shows that digital learning platforms can 
help students do better in school, give more people 
access to education, and lower school costs if they are 
used correctly. On the contrary, these platforms can-
not function without digital infrastructure and insti-
tutional support. Areas with weak infrastructure still 
confront problems, especially with fair access and aca-
demic achievement, while regions with strong internet 
and well-funded schools have reaped many benefits 
from online learning. The application of game theory 
brings attention to the strategic factors that stakehold-
ers need to think about when implementing digital 
platforms. The success of these endeavours in the long 
run will depend on how well they balance cost and 
quality.

Discussion
The widespread availability of inexpensive, high-qual-
ity educational resources made possible by digital 
learning platforms has the potential to greatly dimin-
ish educational inequality. Our research shows that in 
times of crisis, such as the COVID-19 pandemic, when 
conventional schooling is interrupted, underprivileged 
and marginalized populations can still gain access 
to digital platforms. For example, when traditional 
schools closed in rural areas of Kenya and India, stu-
dents were able to keep up with their studies thanks 
to the rise of online platforms. Nonetheless, the dig-
ital divide—the disparity between individuals with 
and without access to digital resources—undermines 
this potential. Consistent with previous research, our 
results show that digital learning has the potential to 
widen existing gaps in opportunity if we do nothing to 
fix our infrastructure.57,58

Even though more students enrolled in digital plat-
forms in both Kenya and Brazil, those in areas with 
slow internet or outdated devices struggled to fully 
utilize these tools. This provides support for the con-
clusions drawn from studies conducted by Alqahtani 
and Rajkhan,59 who argue that disparities in infrastruc-
ture can worsen the digital learning achievement gap 
between students in urban and rural areas. To reduce 
the digital achievement gap, our findings support the 
need to invest in internet infrastructure, teacher profes-
sional development, and student assistance programs. 
These investments are necessary for digital learning to 
realize its potential of creating an equal playing field 
for students from all socioeconomic backgrounds.

Our study stands out because we addressed unique 
issues in every instance. In Kenya, for instance, where 
mobile phone penetration is high but bandwidth and 
data costs are prohibitive, we examined the efficacy 
of mobile learning. Since mobile platforms can only 
solve part of the problem, more extensive infrastruc-
ture improvements and more reasonably priced data 
plans are crucial. When it comes to saving money, our 
research shows that schools that use digital learning 

platforms reap significant economic benefits. Organi-
zations can save a lot of money by automating adminis-
trative tasks, decreasing their dependence on physical 
infrastructure, and doing away with printed materi-
als. We found that compared to more conventional 
approaches to education, we can save 25–30% per stu-
dent. Especially in the context of higher education, this 
is in line with the findings of Allen and Seaman,60 who 
indicated that institutions providing online education 
could considerably cut operational costs.

Servers, software licenses, faculty training, and stu-
dent support are all part of the technology infrastruc-
ture, but many institutions, especially smaller ones or 
ones with fewer resources, find it difficult to afford the 
upfront investment. We found that bigger schools can 
afford to implement digital learning on a larger scale 
and save money in the long run, but smaller schools 
or those in developing countries have a much harder 
time doing so. This confirms what Bates et al.61 already 
found although digital learning platforms save money 
in the long run, they need a lot of money up front, 
which can be a problem for schools that are not as 
well-off.

Our research stands out because we examined these 
economic factors in great depth in various regional 
settings. For Brazil, the government’s push to inte-
grate digital platforms into public schools yielded 
some encouraging results. However, the overall effec-
tiveness was hindered by unreliable infrastructure in 
economically disadvantaged regions. This indicates 
that the transition to online learning must be accom-
panied by focused investments in infrastructure if dig-
ital platforms are to be genuinely cost-effective. The 
significance of governments and educational institu-
tions strategically aligning to maximize benefits and 
overcome upfront costs is further highlighted by our 
game-theoretic analysis. Cooperation and high-quality 
platform adoption are necessary for the equilibrium 
strategy to maximize educational outcomes and cost 
savings, according to the analysis, even though the ini-
tial investment is high.

Digital learning platforms’ capacity to evolve with 
the changing needs of diverse student populations 
and the ability of institutions to maintain and update 
these platforms determine their long-term sustainabil-
ity. While digital platforms are scalable, our research 
shows that they lose some of their lustre when they 
cannot adapt to the unique requirements of students 
from a variety of socioeconomic backgrounds. Digital 
learning greatly enhances student outcomes, such as 
test scores and retention rates, in high-income regions 
where schools have access to modern technology 
and students have dependable internet connections. 
However, low-income communities suffer from worse 
academic performance and lower completion rates 
because support systems such as digital literacy pro-
grams and technical assistance are not available.

Kizilcec et al.62 and other studies have shown how 
important it is for students to be involved in online 
learning environments. A big challenge is making sure 
that all kinds of students can use these platforms, even 
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those who might not have the drive, skills, or resources 
to do well online. To ensure the long-term sustainabil-
ity of the digital education system, it is crucial to have 
adaptive learning technologies, high-quality content, 
and strong student support systems.

Previous studies may have overlooked something 
crucial, according to our findings: focussing solely 
on technology does not make digital platforms flex-
ible enough; localized content and pedagogical 
approaches are also required. Countries with high 
mobile phone penetration, such as Kenya, could ben-
efit greatly from education delivered through mobile-
friendly platforms. However, without affordable 
internet access and adaptive technologies, these plat-
forms will never be able to capture students’ atten-
tion. Furthermore, according to our game-theoretic 
analysis, the alignment of stakeholders, especially 
between governments and technology providers, is 
crucial for attaining long-term sustainability. To make 
high-quality platforms financially viable for institu-
tions in developing regions, collaborative investment 
is necessary. These platforms offer better scalability 
and engagement.

In addition to the existing literature on the function 
of digital learning in education, our results contribute a 
context-specific analysis that bridges the gap between 
theoretical advantages and practical obstacles. By 
combining economic, technological, and pedagogi-
cal factors, our research provides a more comprehen-
sive perspective than previous studies that have only 
focused on the technical or financial aspects. There is 
a lack of strategic literature on how stakeholder deci-
sions affect the overall outcomes of digital learning 
initiatives; however, by incorporating game-theoretic 
modelling into the research, we have tried to minimize 
this gap.

When it comes to the low completion rates of MOOCs, 
our research provides a thorough understanding of 
the way through which infrastructure and strategic 
investment can help overcome the obstacles that have 
been pointed out by other studies. We discovered that 
digital learning platforms greatly improved academic 
performance in places with the right infrastructure 
and support from institutions. It became even clearer 
that focused regional investments were needed when 
digital platforms made inequality worse in places with 
bad infrastructure.

Limitations of the Study
Despite its merits, this study has certain limitations 
that prevent it from fully illuminating the monetary 
and pedagogical effects of online education. To begin 
with, the research relies heavily on secondary sources 
and case studies from a small number of nations, 
which might not be representative of the whole range 
of problems experienced by other parts of the world, 
particularly in places with distinct cultural and 
socioeconomic backgrounds. Furthermore, the use 
of game-theoretic modelling simplifies stakeholder 
interactions, which might not capture all the intri-
cacies of the real world, like changes in educational 

policies, political instability, or unexpected economic 
developments. Another drawback is that the data only 
cover the time right after the COVID-19 pandemic 
ended, rather than during the entire outbreak. Thus, 
additional longitudinal studies may be necessary to 
conclude how digital learning platforms affect stu-
dent outcomes and the sustainability of institutions 
over the long run. Last but not least, our research 
presupposes the permanence of digital infrastructure 
and support systems, which might not hold in areas 
vulnerable to technological upheavals or budgetary 
restrictions.

Conclusion and Future Research Directions
Due to their scalable, adaptable, and cost-effective 
solutions, digital learning platforms have revolution-
ized the education economy. These platforms can 
either supplement or even replace more conventional 
schooling methods. This study’s results show that 
these platforms can increase educational opportuni-
ties, especially for students in rural and underserved 
areas. Reduced operational costs and more flexible, 
self-paced learning opportunities are two ways in 
which digital platforms expand access to and partic-
ipation in education. Still, we have a long way to go 
before we reach our goal, particularly in light of the 
widening digital divide, low levels of engagement, and 
limited infrastructure.

Our research shows that digital learning platforms 
can help governments and institutions save money, 
but there are still many obstacles to overcome. For 
instance, it is always important to train teachers and 
put money into technology infrastructure. This is very 
true in countries that are still developing. Additionally, 
our case studies in Brazil, India, and Kenya demon-
strated that affordable, dependable internet is crucial 
for digital learning to be successful. The current body 
of evidence suggests that policymakers and educa-
tional leaders should prioritize helping teachers and 
students adapt to online classrooms.

Digital tools that are more interactive and adap-
tive are crucial, according to the study, for engaging 
students and catering to their various learning styles 
and needs. Platforms that rely solely on passive con-
tent delivery, such as video lectures or static readings, 
are less successful at retaining students and ensuring 
learning outcomes. To keep students engaged and sup-
ported throughout their digital learning journey, it is 
crucial to craft content that is more engaging, person-
alized, and relevant to their context.

Future Research Directions
Further research is needed to determine the long-term 
effects of digital learning on student outcomes; this 
study only gives a snapshot of how digital platforms 
were used during the COVID-19 pandemic. The effects 
of digital learning on employability, career advance-
ment, and habits of lifelong learning, as well as on 
short-term performance indicators such as test scores 
and course completion rates, warrant further investiga-
tion in future research. To ascertain the actual efficacy 
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of online learning in promoting academic achievement 
and career advancement, these studies ought to follow 
students for multiple years.

More study is required to determine the long-term 
monetary effects of digital learning on educational 
institutions, although it has shown short-term cost- 
effectiveness. Included in this more comprehensive 
cost-benefit analysis are the upkeep and improvement 
of digital platforms, faculty training, and ongoing sup-
port systems. In the future, researchers should look 
at the ways through which schools in high-income 
and low-income areas try to find ways to save money 
without lowering the quality of their work. The digital 
divide is still one of the main reasons students are less 
involved in online learning. To close this gap, future 
research should focus on making low-bandwidth plat-
forms that work well in places with bad internet access, 
exploring public–private partnerships to improve 
internet access in rural areas, and finding ways for 
the government to subsidize digital devices. Also, we 
should look into other technologies that can help you 
reach areas that do not have a lot of access, such as 
offline content delivery systems and mobile learning.

Digital platforms could help make learning more 
personalized, which is a cool idea. The tech is still very 
new, though. It is important to keep researching ways 
to improve adaptive learning technologies so that they 
can better meet the needs of all students. Kids in schools 
have different levels of access to technology and know-
how for using it, so this is very important. Researchers 
need to find out how well these adaptive tools work 
for different types of people in terms of keeping them 
interested, helping them remember things, and help-
ing them learn. To support digital learning platforms, 
we need to do more than just get new tech. We need to 
change the way we think about education in general. 
In the future, researchers should look into how these 
new ways of teaching affect student engagement and 
achievement, as well as the best ways to teach teachers 
how to use digital tools effectively.

Concerns about privacy and security have grown 
over the past few years because digital platforms col-
lect huge amounts of information about how students 
behave, how they learn, and what they achieve. When 
people study the moral issues surrounding collecting 
data in online education, they need to come up with 
ways to keep student data safe. More research needs 
to be done on how to use data-driven insights to 
improve education while protecting students’ privacy. 
Finally, digital learning platforms have the potential 
to completely change the way we learn by making it 
easier to access and bettering the results. These plat-
forms can be expanded, changed, and are cheap. We 
need to close the digital divide, fix the infrastructure, 
and make more interesting adaptive content for these 
platforms so that they can be fully used. Policymakers, 
schools, and tech companies need to work together to 
make sure that all students, no matter their income, 
can access and benefit from digital education. This can 
be done by investing in the right infrastructure, train-
ing, and support systems.
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