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ABSTRACT

Aim/Purpose This article explores the critical need for adaptable educational models in times
of crisis, focusing on strategies to overcome infrastructural and digital inequali-
ties exacerbated by the COVID-19 pandemic.

Background By examining a case study of an offline digital library project implemented in
South Sudan, this paper secks to examine the impact of an offline digital educa-
tional solution for low-resource and crisis situations.

Methodology The authors utilize a mixed-methods approach, integrating both qualitative inter-
views and quantitative data analysis, to evaluate the use and impact of the So-
larSPELL Initiative’s offline digital libraries in South Sudan.

Contribution This study contributes to our understanding of digital and information literacy
within crisis contexts, highlighting the vital role of localized, offline content.

Findings The findings demonstrate that offline digital solutions can effectively mitigate

educational disruptions by providing an accessible means to continue education
during emergencies.

Recommendations ~ Recommendations for practitioners include the adoption of robust offline digital
for Practitioners learning solutions to promote educational continuity.
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Recommendations  The authors recommend that researchers continue investigating the potential of
for Researchers offline digital educational solutions for low-resource and crisis situations.

Impact on Society ~ Ultimately, this article finds that offline digital libraries, when paired with skill-
building, are a viable means to lessen digital disparities and promote educational
continuity in times of crisis and beyond.

Future Research The study suggests further exploration into the long-term impacts of such inter-
ventions on learning outcomes.

Keywords digital literacy, information literacy, COVID-19, digital inequality, education in
emergencies, capacity building, ICT4D, libraries

INTRODUCTION

Educational disruptions have long posed challenges to the global education system. Some interrup-
tions, like annual summer holidays, are routine; however, many disruptions are unforeseen and pro-
longed, arising from civil unrest, displacement, and natural disasters (Dryden-Peterson, 2011; Engzell
et al., 2020). Education in emergencies (EiE) refers to the critical need for education during times of
crisis, which can halt educational routines and stop traditional, in-person schooling. EiE is seen as
both humanitarian aid and a fundamental human right (Taka, 2023). During armed conflicts and nat-
ural disasters such as earthquakes and floods, school buildings often sustain damage or are repur-
posed as temporary shelters for displaced or homeless populations (Sinclair, 2007). These circum-
stances can force students, teachers, and their families to become refugees, seeking safety in other
countries. Alarmingly, 48% of refugee children are not in school, and in 2022, refugee learners lost an
average of 142 days due to school closures (USA for UNHCR, 2024). This highlights the need for
alternative education models that can be accessed remotely without requiring internet connectivity.

Though educational disruptions are not new, in early 2020, the world was struck by the most wide-
spread and devastating global disruption to date: the COVID-19 pandemic. Due to the high trans-
mission rate of the virus, neatly every country enacted mandatory social distancing and quarantine
measures that forced citizens to stay home and keep small social circles (Pokhrel & Chhetri, 2021).
As a result, traditional academic instruction was suspended, requiring education systems to pivot to-
ward various forms of remote teaching and learning programs, and, by neatly all accounts, these dis-
tance program solutions resulted in significant learning losses for students (Azevedo et al., 2020;
Harmey & Moss, 2023). With more than 1.6 billion learners affected and a general sense of uncer-
tainty shrouding prospective educational developments, the need for academic institutions to become
better equipped to support student learning in all circumstances became incredibly apparent (Pokhrel
& Chhetri, 2021). Though virtually all countries have been affected by the COVID-19 pandemic, ed-
ucational outcomes in low-income, marginalized communities have sustained considerably greater
adverse effects. In addition to emergency reconfiguration, these school systems are also confronted
with (1) infrastructural deficits, (2) insufficient educational resources, and (3) inadequate training in
digital and information literacy (Foster et al., 2022; UNESCO, 2020). The compounding challenges
in marginalized communities expose gross inequalities between advantaged and disadvantaged mem-
bers of society (Segbenya et al., 2022; Yunusa et al., 2021).

This article analyzes the infrastructural and digital inequalities that have posed challenges for under-
connected communities and led to extreme educational losses during times of emergency, especially
during the COVID-19 pandemic. From there, distance learning solutions implemented during the
COVID-19 pandemic will be considered. Through this analysis, it will become increasingly clear that
the mounting inequalities in under-connected communities must be addressed in order to affirm
quality education in times of emergency. If these inequalities are not addressed, then the much-
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needed educational developments will only continue growing further out of reach, resulting in grow-
ing inequalities in all other developmental sectors as well. Therefore, this article proposes that during
times of emergency, education systems must adopt more sustainable and inclusive learning solutions
to address infrastructural deficits and digital inequalities. Additionally, the findings demonstrate that

offline approaches can effectively and efficiently provide education in emergencies and may be more
appropriate for building information literacy and internet-ready skills, particulatly in infrastructurally

challenged settings.

One such approach, and the focus of this article, is the SolatSPELL Initiative at Arizona State Uni-
versity. SolarSPELL is a global educational initiative that combines curated offline digital libraries,
solar-powered, simple-to-use technology, train-the-trainer training, and impact evaluation. To date,
the initiative has seen partnerships and implementations in 15 countries across Sub-Saharan Africa,
the Middle East, and the Pacific Islands. This article will explore SolarSPELL’s work in South Sudan
during the COVID-19 pandemic. While SolarSPELL digital libraries were being used in seven
schools and a community center in Juba, South Sudan, since 2018, the onset of the pandemic in 2020
presented the opportunity for these libraries to have an even greater reach beyond the schools. A dis-
tance learning program, via the offline SolarSPELL digital libraries, was launched to equip as many
teachers, parents, and students as possible with digital textbooks and other supplementary learning
resources so that learning could continue remotely, in conjunction with radio lessons broadcasted by
the South Sudanese Ministry of General Education and Instruction (MOGEI).

With both quantitative data and qualitative interviews from library users in Juba, the SolarSPELL
team tracked the impact of the SolarSPELL offline digital libraries in low-resource schools. We argue
that offline digital educational approaches can be more effective than online approaches at providing
education in emergencies, like the recent COVID-19 pandemic, as students and teachers are able to
advance toward educational goals despite infrastructural deficits, school disruptions, and displace-
ment. The final section of this article provides concluding remarks and proposes further research vis-
a-vis offline digital learning solutions.

LITERATURE REVIEW

INFRASTRUCTURAL DEFICITS, DIGITAL INEQUALITIES, AND INFORMATION
LITERACY IN GLOBAL EDUCATION

In 2021, the World Bank reported that nearly 260 million school-aged youth were out of school
(Wortld Bank Group, 2021). These numbers have been increasing over time and can be attributed, in
part, to governments and education systems not adapting to the needs of financially insecure, margin-
alized communities (Graeff-Martins et al., 2006). Many countties around the wotld do not have the
infrastructure to provide universal access to quality education. In other words, infrastructure is the
invisible, yet necessary, building block that allows for the effective operation of a society. Infrastruc-
ture tends to be taken for granted when present and operational, yet infrastructural systems become
highly visible when they break down and pose enormous challenges when not present in a commu-
nity (Star, 1999).

Infrastructural deficits tend to be present within marginalized communities, making these communi-
ties more vulnerable to emergencies, including climate change, economic upheaval, and social stratifi-
cation. A 2022 policy report chronicling public investment in infrastructure shows that these deficits
do not seem to be improving (Foster et al., 2022). Rather, across low-income countries, public ex-
penditure investments have been dropping since 2010. In 2018, infrastructural investments reached
an all-time low, with just below 1% of GDP being invested in infrastructure upkeep and develop-
ment (Foster et al., 2022). In the context of this article, decreasing levels of infrastructural investment
acts as a critical barrier for individuals and communities pursuing a quality education due to strong
evidence that links high-quality infrastructure with high-quality educational instruction, improved stu-
dent outcomes, and reduced dropout rates (Teixeira et al., 2017).
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Although adaptable physical structures, reliable energy systems, and resilient communities are all fac-
tors that must be accounted for in the pursuit of quality education, the main focus of this article will
be on digital infrastructure and the reverberating effects on communities and education systems that
do not have access to reliable information and communication technologies (ICT's) and broad-
band/Internet (Verdecchia et al., 2022). Inadequate digital infrastructure is not exclusive to any re-
gion or population. Even in countries where physical infrastructure gaps have been closing, govern-
ments overlook populations that continue to lack reliable access to internet and broadband connec-
tivity (Vassilakopoulou & Hustad, 2023). Furthermore, research shows that even in communities
with reliable broadband access, there have been increases in internet misuse, including online gaming,
gambling, and pornography (Gjoneska et al., 2022). Problematic use of the internet serves as a clear
reminder that mere connectivity does not automatically lead to meaningful, empowered connections
and brings to the forefront the issue of information literacy and digital literacy.

Information literacy is the “set of abilities requiring individuals to recognize when information is
needed and have the ability to locate, evaluate, and use effectively the needed information” (Associa-
tion of College & Research Libraries, 1989). These skills help to facilitate individual and community
empowerment by developing critical thinking skills and self-efficacy, or agency, amongst individuals
to build upon other valuable knowledge and capabilities. Though information literacy can be learned
on non-digital platforms, digital platforms are becoming more ubiquitously used within global gov-
ernments, education systems, and in all sectors of the economy, particularly following the COVID-19
pandemic, making it crucial to pair information literacy skills with those of digital literacy (Hosman &
Pérez Comisso, 2020; van Laar et al., 2020).

Digital literacy skills are developed by taking information literacy abilities and relaying them onto a
digital platform (Walton, 2016). In other words, digital literacy is using ICT's and the Internet to find,
evaluate, and effectively use the information to accomplish an identified goal (Gurstein, 2003;
Hosman et al., 2020). However, when the digital and physical infrastructure is not able to support the
development of these skills, it results in digital inequalities in which growing disparities arise between
individuals who do and do not have access to ICTs and the internet (Hosman et al., 2020; Tinmaz et
al,, 2022).

With digital connectivity at the crux of the modern information society, the need to address infra-
structural deficits and digital inequalities is of utmost importance (Bebell & Pedulla, 2015; Fu & Pow,
2011). Additionally, training and skills development are critical so that digital and information literacy
skills can be established even before the internet reaches the billions of people who have yet to con-
nect. In this way, as physical infrastructure develops, so can the individual’s capacity to engage with
the influx of information available once connected, ultimately establishing a solid foundation for the
provision and attainment of quality education globally.

THE COVID-19 PANDEMIC, EDUCATION IN EMERGENCIES, AND GLOBAL
LEARNING LOSSES

In 2020, education in emergencies expanded beyond war-torn countries and refugee populations and
became necessary on a global scale when the COVID-19 pandemic halted traditional societal opera-
tions. Besides the already significant infrastructural and digital inequalities that may impede a nation’s
ability to achieve the goal of quality education, the COVID-19 pandemic put the global education
system under significantly greater pressure. Due to the high transmissibility and mortality of corona-
virus, education systems and academic institutions around the world were forced to temporarily shut
down schools in order to adhere to quarantine and social distancing protocols, affecting more than
one billion learners (Angrist et al., 2021; Moodley et al., 2022; UNESCO, 2020). This was the largest
global educational disruption in recorded history (Reshi et al., 2023). Consequently, very few school
systems were prepared for the emergency transition from in-person instruction to distance learning.
Even so, many school systems rallied with innovative approaches to support the continuation of stu-
dent learning through emergency distance learning strategies in which students were able to connect
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to classroom environments through various channels, including television and radio programs, online
education platforms, and take-home article learning packets (Foster et al., 2022; Reimers, 2022).
Nonetheless, these innovative approaches proved insufficient around the world in addressing stu-
dents’ learning and socio-psychological needs, particularly for those in marginalized, unconnected
communities (Gaydelis et al., 2023).

Research from The Netherlands demonstrated how extensive student learning losses may have been
during the COVID-19 pandemic (Engzell et al., 2020). Learning losses are defined as the measured
cumulative deterioration of (1) previous learning, also known as knowledge forgotten over time, and
(2) the opportunity cost of lost learning, which can be understood as the learning that students would
have gained in a typical school year without closures (Azevedo et al., 2020). Thus, even in a ‘best-
case’ scenario where schools are adequately funded, have reliable broadband access, and experienced
short lockdown periods, students made little to no progress in attaining educational outcomes while
learning from home due, in part, to the difficulty of keeping students cognitively engaged with all the
distractions in the household (Angrist et al., 2021; Azevedo et al., 2020; Engzell et al., 2020). Other
studies found that students in grades one through twelve who were affected by school closures could
have lost anywhere between 0.3 to 0.9 years of schooling, resulting in diminished educational out-
comes and anticipated long-term economic losses throughout their lifetimes (Azevedo et al., 2020;
Hanushek & Woessmann, 2020). Though these disruptions may seem brief, learning gaps of this
length have substantial implications for students and communities. Furthermore, a majority of the
research done thus far has relied on information and data accumulated from high-income countries.

Unfortunately, it is challenging to know the scope of loss of education in under-connected communi-
ties, particularly because, according to the United Nations Educational, Scientific, and Cultural Oz-
ganization (UNESCO, 2020), nearly a quarter (25%) of low- and lower-middle-income countries are
not tracking student progress, compared with 3% of high-income countries. With minimal tracking
underway in low-income countries, it is difficult to quantify the scope and intensity of learning loss
over time and, by extension, the long-term consequences. However, distance learning programs are
generally less effective when communities are under- or unconnected, even when communities are

receptive to them (CEPAL & UNESCO, 2020; Engzell et al., 2020).

With the growing infrastructural and digital inequalities around the world, not all countries and com-
munities have the infrastructure to support online learning. Multi-modular programs that utilize a
combination of television and radio programs, take-home article learning packets, and, when applica-
ble, online education platforms may then be employed rather than relying exclusively on online digi-
tal approaches (Foster et al., 2022; Reimers, 2022).

However, there is growing evidence that governments have not been able to sufficiently respond to
the infrastructural circumstances and digital realities of the general population, a phenomenon known
as the ‘remote learning paradox’ (Aedo et al., 2020; Topuz et al., 2022). When distance learning pro-
grams are implemented that are not tailored to a community’s ability to adopt the program, for exam-
ple, by addressing lack of connectivity, then the very programs that are meant to help abate learning
losses quickly become exacerbators of loss (CEPAL & UNESCO, 2020). For example, a ministry of
education might invest its resources in developing a fully online educational solution even though the
majority of people in the country do not have access to reliable electricity or the internet. Once re-
leased, this online distance learning response will make little to no impact, regardless of content, be-
cause of students’ inability to access the materials. Therefore, governments’ responses to the
COVID-19 pandemic played a critical role in determining whether inequalities within and between
countries would widen or lessen (Topuz et al., 2022; UNESCO, 2022).

Regardless of governments’ well-intentioned efforts to roll out emergency educational responses, stu-
dents in marginalized communities experienced higher rates of learning loss because of weak infra-
structure and low internet connectivity (Yunusa et al., 2021). It can thus be argued that more inclu-
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sive distance learning solutions in times of educational disruptions support the goal of providing edu-
cation during emergency disruptions. On the other hand, policies and practices that do not meet the
needs — infrastructurally or otherwise — of marginalized communities will further disadvantage them,
regardless of how well-intentioned these policies might be.

For example, the Kenyan government has committed to achieving quality education by 2030 and,
consequently, has been reforming primary and secondary curricula so that information and commu-
nication technologies (ICT'’s) are integrated into learning, teaching, and research practices (Uwezo
Kenya, 2020). However, schools have had difficulties integrating ICT's due to a variety of factors, in-
cluding inadequacies of (1) internet connectivity, (2) regular electricity, (3) available digital content,
and (4) standards for effective content delivery (Uwezo Kenya, 2020). Due to these compounding
challenges, it is suggested that in Kenya, cumulative losses could equate to anywhere between six
months and one year of lost learning during the pandemic (Angrist et al., 2021). However, it is im-
portant to note that these losses are primarily concentrated in the more impoverished regions be-
cause, when disaggregated based on socioeconomic status, only 1% of impoverished learners globally
have access to distance learning solutions (Edwards, 2020). Thus, the discrepancy between intended
results versus actual learner outcomes has resulted in specific groups — low-income, under- or uncon-
nected communities — being disproportionately negatively impacted.

The COVID-19 pandemic is not the only cause of educational disruptions. Wars, natural disasters,
and displacement also interrupt education, may dectease available educational expenditures, cause
student enrolment numbers to fluctuate, and ultimately require alternative means to provide school-
ing (Lai & Thyne, 2007). In rural areas, shifting from in-person to online learning during emergencies
is unrealistic, highlighting resource inequality and lack of digital literacy (Landa et al., 2021). The
COVID-19 pandemic served as a painful global example of the importance of being prepared for ed-
ucation in emergencies.

Up to this point, the literature referenced has considered the implications of disrupted distance learn-
ing and its effects on students’ learning outcomes during education in an emergency, specifically the
COVID-19 pandemic. Thus far, there has been a lack of research done on how to prevent learning
losses of this magnitude from recurring in the future, particularly given the meager rates of internet
connectivity among rural learners in the lowest-income countries. This article addresses the gap in
the literature regarding offline approaches to digital distance learning and how these approaches can
support education in emergencies and be leveraged to provide educational resources to unconnected
communities and populations during crisis situations.

CASE STUDY: SOLARSPELL INITIATIVE IN SOUTH SUDAN

SOUTH SUDAN

South Sudan is a landlocked country in Eastern Africa bordered by Ethiopia, Sudan, the Central Afri-
can Republic, the Democratic Republic of the Congo, Uganda, and Kenya. It is the world’s newest
nation, having only recently gained independence from Sudan in 2011 after decades of conflict. In
2005, a Comprehensive Peace Agreement (CPA) was signed in Kenya between the Sudan People
Liberation Movement (SPLM) of South Sudan and the Khartoum Government, which gave the
Southern region a six-year transitional period to decide via referendum whether to remain as one
united Sudan or to separate into sovereign South Sudan. In January 2011, 99% of citizens living in
Southern Sudan voted in favor of creating an independent South Sudan. Therefore, South Sudan de-
clared independence on July 9, 2011. Unfortunately, the pre-independence violence did not subside
when South Sudan became a sovereign nation. Political quarrels, food shortages, and civil war afflict
the Sudanese region to this day (Sahu, 2023; Varma, 2011).

With civil conflict and violence continuing to wreak havoc in the young country, South Sudan has a
low human development score, resulting in being categorized as a least-developed country (LDC) as
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defined by the United Nations Human Development Index (HDI). The most recent UN HDI meas-
urement captures data until 2022, which accounts for the disturbances caused by the COVID-19
pandemic. At the time of measurement, citizens in South Sudan averaged a life expectancy of 55.6
years. South Sudanese citizens are also reported to have an average of 5.7 years of education over
their lifetime (United Nations Development Programme (UNDP), 2024). The gross national income
(GNI) is also quite low by global standards, at approximately $1,155 (based on 2017 USD), meaning
that South Sudanese citizens, in general, do not have a decent standard of living (UNDP, 2024). In
fact, the UNDP ranks South Sudan at 192 out of 193 for the recorded countties and territoties in
terms of overall human development (UNDP, 2024). Given South Sudan’s low quality of life, ongo-
ing military skirmishes across the country that continually threaten to escalate into civil war, and fam-
ines and droughts that plague the country on a yearly basis, the case can be made that South Sudan is
in a perpetual state of crisis. For this reason, although the data in this article come from both pan-
demic and non-pandemic time periods, we assert that both timeframes represent education in emer-
gency, or EiE, in South Sudan.

In terms of infrastructure, only an estimated 7% of the South Sudanese population has access to the
internet, and a mere 8.4% of the population has access to electricity, according to the most recent
data (World Bank Group, 2024). The vast majority of electricity and internet use occurs in more ur-
ban areas, leaving rural areas almost entirely unconnected and without electricity. Further, UNESCO
(2022) reports that literacy rates are approximately 48% for young people aged 15-24 and as low as
29% among the South Sudanese adult population aged 25-64.

Literacy has been defined by UNESCO (2024a, 2024c) as the continuum of learning that facilitates
individuals’ ability to develop knowledge, achieve goals, and participate in the wider community.
However, the UNESCO definition does not align with the actual reporting methods used by the or-
ganization. In fact, the current collection method for literacy data entails asking the head of the
household to declare whether or not they can read and understand a simple short story, written in
any language, about one’s everyday life (UNESCO, 2024b). The discrepancy between a philosophical
understanding of the concept and its actual measurement leads to a tremendously misleading depic-
tion of the global state of literacy. Further, such misaligned philosophical vs. practical understandings
of literacy have compounding effects as literacy gains a highly relevant digital dimension.

Since digital literacy requires access to electricity, content, a device, digital resources, and some form
of training to adapt traditional literacy skills to the digital realm, neatly by definition, the digital liter-
acy rates will be significantly lower in areas lacking this infrastructure and skills. Without developing
basic literacy and internet-ready skills, the progression toward digital literacy is not a simple transition
(Hosman & Pérez Comisso, 2020).

Like most other ministries of education around the world, during the COVID-19 pandemic, South
Sudan’s MOGEI was responsible for implementing emergency educational solutions that relied upon
distance learning to allow students to continue their schooling. With such low rates of accessible elec-
tricity and even lower rates of internet connectivity, the pursuit of implementing a remote learning
program was no small feat. However, together with the United States Agency for International De-
velopment (USAID) and the United Nations International Children’s Emergency Fund (UNICEF),
MOGEI distributed 32,000 solar-powered radios to students around the country, with a particular
focus on ensuring that children from marginalized households had access to radio sets (UNICEF,
2020). Once distributed, the South Sudan Broadcasting Corporation and Radio Miraya were able to
broadcast lessons to students, allowing instruction to resume at some level (UNICEF, 2020).

Although connecting students to educational material via the radio-based learning program was un-
questionably an achievement, the widespread lack of access to textbooks or other supplementary
learning materials made it challenging for students to follow along with the lessons and to continue
their studies after the radio lessons finished. Thus, combined with the evidence that shows radio-
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based learning solutions as being far less effective in reaching desired educational outcomes than im-
plementing blended learning models (Prahmana et al., 2021), a partnered initiative with both local
and international partners proposed a blended distance learning program to take place in Juba, South
Sudan’s capital city. In this blended model, the radio-based lessons were supplemented with digital
textbooks that were distributed via the SolarSPELL offline digital library.

THE SOLARSPELL INITIATIVE

SolarSPELL is an offline digital library and information literacy initiative at SolarSPELL University
that provides curated, localized information in rural regions facing pervasive infrastructural barriers,
such as lack of internet and electricity. SolarSPELL’s field-tested, holistic approach to building infor-
mation literacy in offline environments engages four key components: curated digital libraries; solar-
powered, offline technology; training of in-field partners; and ongoing monitoring and evaluation.
The SolarSPELL digital library utilizes an offline-first approach while mimicking an online experi-
ence so that internet-ready skills can be taught even in the absence of internet connectivity (Hosman
et al,, 2020). The library’s offline technology allows learners and teachers to access the content with-
out relying on internet connectivity, and the ability to download any of the resources from the library
enables users to take the content with them to access it anytime, anywhere.

Although the term “offline learning” is sometimes used to describe traditional, in-person modes of
education (Faidal et al., 2020; Wadhwa et al., 2020), it can also refer to learning outside of the class-
room using digital devices offline, as is the case with the SolarSPELL Initiative. In this article, oftline
learning refers to digital modes of learning that happen to take place without (the need for) internet
connectivity. An offline library can provide access to educational resources in emergencies, meaning
that resources from the offline library remain available and accessible even if power is out, individuals
are displaced, or in-person schooling is disrupted.

The SolarSPELL offline digital library was first created in 2015 and is characterized by (1) participa-
tory, action-based research, (2) in-field lessons gained by working with on-the-ground partners, and
(3) multidisciplinary teamwork (for a more detailed description of the SolarSPELL Initiative’s back-
ground and history see Hosman (2018) and Hosman et al. (2020)). As opposed to a model in which
users are left on their own to figure out how to use the technology and how to incorporate it into
their lives or build skills surrounding its use, it is critical to the SolarSPELL mission that in-field part-
ners and library users are supported throughout the implementation and use of the digital library. To
date, SolarSPELL digital libraries have been implemented with local partners in 15 countries globally.

The SolarSPELL Initiative curates specific library collections for each region in which it works.
These libraries contain resources that are localized and relevant to the users within each partner
country. For example, the East Africa Education library collection contains resources for students
and teachers in South Sudan, Rwanda, and Ethiopia and has all the content areas that can be found
in a primary or secondary school. Per the request of local partners, the majority of resources are in
English; however, there are resources available in local languages, including Ambharic, Kinyarwanda,
and Kiswahili. Each library has audio, video, PDF, and interactive HTML resources and also includes
cutrricula, syllabi, local school textbooks, and storybooks.

In South Sudan, the Ministry of Education (MOGEI) provided the SolarSPELL Initiative with local
textbooks to add to the library. Although not within the scope of this paper, access to textbooks in
low-income countries is limited due to the high cost of creating, publishing, printing, and distributing
them (Fredriksen et al., 2015) and also by the for-profit nature of many textbook distributors
(Mbengei & Galloway, 2009). This creates a challenge for teachers and students to receive physical
copies of textbooks and demonstrates the importance of offline access provided by the partnership
of the SolarSPELL Initiative and the Ministry of Education.

The SolarSPELL Initiative follows a train-the-trainer model to ensure library users have the confi-
dence and knowledge to access library information and to train others on how to do the same, which
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are key components of successful ICT integration and digital literacy (Bingimlas, 2009). The So-
larSPELL Initiative creates in-country partnerships and, in non-emergency situations, travels to the
country to conduct a multi-day in-person train-the-trainer training. Once the in-country training is
completed, there is consistent communication with partners before (ideally) returning to the country
for a 6-month follow-up monitoring and evaluation visit. However, the COVID-19 pandemic shifted
SolarSPELL’s approach to training and impact evaluation globally, as well as in South Sudan.

SOUTH SUDAN - SOLARSPEILI PARTNERSHIP

In 2019, the SolarSPELL Initiative, in partnership with Empower Kids South Sudan (EKSS), a Juba-
based NGO, launched a Teacher Training Center at the Juba Girls Secondary School in Juba, South
Sudan. This center established a regional hub for Juba-area teachers to receive training on how to ef-
fectively use SolarSPELL digital libraries to support their in-person teaching. To indicate support for
the Teacher Training Center’s establishment, the Minister of Education was present for its launch
and approved and supplied digital copies of the then-newly written South Sudanese digital textbooks
to be added to the SolarSPELL digital library.

The SolarSPELL Initiative, in collaboration with EKSS and MOGEI, was able to expand the imple-
mentation of SolarSPELL libraries to an additional seven Juba-area schools. Teachers from each par-
ticipating school received training at the Juba Girls School Teacher Training Center. Having access to
the offline digital library proved to be a significant shift for the Juba-area schools because, according
to teachers and administrators from the participating schools, before this point, there were few text-
books to share amongst teachers or students, making it difficult for teachers to prepare their lessons
or for students to engage fully with class information. With access to the SolarSPELL digital library,
textbooks could be accessed and downloaded by any individual associated with the pilot schools.

In 2020, when the COVID-19 pandemic struck, and the MOGEI began broadcasting lessons over
the radio, the director of EKSS realized that his own children did not have textbooks to follow along
with on-air lessons. He proposed a Distance Learning Program that would allow textbooks and sup-
plementary learning resources to be downloaded from the SolarSPELL offline digital library. This
proposal was approved by MOGEI and received funding from the US Embassy in Juba for a 2-weck
initiative.

The Distance Learning Program engaged and trained eight facilitators who delivered SolarSPELL
digital libraries to designated schools throughout the Juba area at scheduled times announced by the
MOGEI over the radio. This allowed parents and teachers to go to schools safely (following social
distancing protocols) and download digital textbooks and supplementary educational materials to
their smartphones or other devices, which they then brought home for their children to use. By gain-
ing access to these resources, students were able to follow along with the digital textbook while lis-
tening to MOGELD’s radio broadcasts.

METHODS AND DATA COLLECTION:

This paper follows a case study approach. A case study is “an intensive study of a single unit for the
purpose of understanding a larger class of similar units” (Gerring, 2004, p. 342). Case studies allow
for an in-depth understanding of phenomena by concentrating on a specific situation or context
(Lijphart, 1971). The case study process has received criticism due to the lack of requirements and
rigor guiding case research (Meyer, 2001); however, the case study approach allows for a multi-
perspective analysis of what is being studied (Tellis, 1997). Furthermore, the triangulation of data
from various sources within case studies contributes to the validity and accuracy of case studies
(Tellis, 1997; Yin, 2003). While it was not possible to collect in-depth qualitative data from each of
the participating schools, quantitative data was collected from each school. Combining the self-
reported (qualitative) and actual (quantitative) data enhanced the reliability and validity of the study
and helped to address biases inherent in qualitative data.
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When implementing case study research, it is important to test the replicability of findings across
similar cases. Although this may pose a challenge, it is the authors’ intention to apply the findings of
this study across future cases in South Sudan and in other countries where the SolarSPELL Initiative
works. As the schools in this case study are still participating in the SolarSPELL Initiative, the pre-
sent research is ongoing.

RESEARCH/STUDY DESIGN

The SolarSPELL team research strategy consisted of a mixed methods approach, using both qualita-
tive and quantitative data. A mixed-methods approach is critical to the holistic evaluation of the So-
larSPELL Initiative because it allows for a more comprehensive understanding of the impact of the
digital libraries and provides a more complete understanding than a single-method approach (Migiro
& Magangi, 2011). Qualitative data analysis was conducted in the form of structured interviews with
library-using teachers and administrators, following a uniform set of questions to ensure consistency
among those who were interviewed (Mueller & Segal, 2015). Quantitative data analysis was con-
ducted by collecting data from the SD (Secure Digital, or tiny memory) cards from each library in the
field.

Seven schools are included in this article’s analysis, which corresponds with the seven schools partici-
pating in the SolarSPELL Initiative in South Sudan. All of these schools are located in the capital city
of Juba, which was a necessity due to South Sudan’s volatile political situation and the effects of the
COVID-19 pandemic. This is a potential limitation of the study, as it may limit the representativeness
of the broader population in South Sudan.

Due to strict pandemic-related restrictions, the SolarSPELL team was unable to travel to South Su-
dan to conduct the interviews, necessitating that they be conducted by our in-country partner. The

team thus remotely trained the director of EKSS on qualitative methods of data collection and pro-
vided the interview tools.

QUALITATIVE DATA ANALYSIS

Before conducting the interviews, the SolarSPELL Initiative received approval from the Anonymous
State University Institutional Review Board Committee. Verbal informed consent was obtained by
interview participants prior to data collection. In order to obtain a representative sample, the director
of EKSS conducted structured interviews at three out of seven schools that received the SolarSPELL
digital libraries from December 2021 to January 2022. Primary and secondary schools in Juba were
on staggered breaks as they recovered from the COVID-19 pandemic. The three schools participat-
ing in monitoring and evaluation activities were in session, and their administrators made the teachers
available. Thus, while in-depth interviews took place at three schools, library usage data was collected
from all seven participating schools.

The interview questions were developed by the SolarSPELL research team and consisted of 41 struc-
tured questions and follow-up questions. Seven interviews were conducted with teachers and school
administrators from the three schools. The administrators at each school selected two teachers who
were familiar with and/or were using the SolarSPELL digital library. In one case, the administrators
themselves agreed to be interviewed, as well, as they were using the SolarSPELL library. The qualita-
tive questions covered topics including demographic information, resource availability, library con-
tent and implementation, and out-of-school use. Audio recordings of each interview were taken.
These recordings were subsequently shared with the SolartSPELL research team, who transcribed and
coded them. The coding process is described below.

Designing a qualitative data analysis strategy requires thoughtful consideration to accommodate con-
textual differences between individual projects (Elliott, 2018). The coding process for the qualitative

data interviews was designed to ensure reliability and validity. Initially, two researchers independently
reviewed the transcripts to familiarize themselves with the content and identify preliminary themes.
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Following this, the researchers developed a comprehensive coding framework collaboratively, draw-
ing on relevant literature and the specific research objectives of this study. This framework provided
a structured approach to categorizing the data, ensuring consistency in the coding process.

Once the initial framework was established, the two researchers independently thematically analyzed
the interviews. This step was crucial in identifying any discrepancies or differences in interpretation.
After thematic analysis, the researchers met to discuss their findings, reconcile differences, and refine
the analysis framework. Throughout the study, the analysis framework was updated to accommodate
new themes and patterns that emerged from the data, allowing for a more nuanced and comprehen-
sive analysis of the interviews. This process was used to identify overarching themes and draw mean-
ingful conclusions about the participants’ experiences. This qualitative approach provided valuable
information about the overall impact of the SolarSPELL digital library, as well as a more nuanced un-
derstanding of how educational and teaching outcomes were impacted.

QUANTITATIVE DATA ANALYSIS

Each SolarSPELL digital library is equipped with an SD card containing the library’s content, soft-
ware code that enables the broadcasting of an offline Wili hotspot, and a usage tracking script. This
script logs each instance in which a resource is accessed, capturing details such as the resource title,
type, subject, and whether it was downloaded. The SolarSPELL team developed a Usage Data Analy-
sis Tool to aggregate this usage data. This tool categorizes the information, filters the data, and cre-
ates visual representations of the usage patterns. These visualizations provide valuable quantitative
insights and support qualitative findings regarding the usage of SolarSPELL libraries in individual
schools and across the entire program.

The director of EKSS collected a total of thirteen library SD cards from the field, from both partici-
pating schools and the Distance Learning Program. The SolarSPELL team downloaded the usage
data from each SD card as CSV files and uploaded these files to the Usage Data Analysis Tool for
detailed analysis. The aggregated data and visualizations were analyzed inductively by the authors for
patterns of usage across and within schools, including most-accessed files, subjects, and types of re-
sources.

FINDINGS

The findings of this case study reveal the efficacy of offline digital approaches to provide educational
materials in areas with limited infrastructure and mitigate learning disruptions during emergencies.
Findings are presented in descriptive statistical charts created from usage data files, combined with
supporting qualitative data from interviews with teachers and administrators at participating schools.

The figures below are first separated by learning modality and then combined to provide an over-
view. Figure 1 illustrates library usage that took place within the schools (an in-person learning mo-
dality). This usage took place from 2019 to January 2022 and includes the months (approximately
April 2020-October 2021) when the pandemic forced school closures but does not include the 2-
week Distance Learning Program. Figure 2 shows usage solely during the 2-week Distance Learning
Program during the pandemic (August 2020), and Figure 3 combines all data, both from in-school
use and from the Distance Learning Program.

In total, more than 40,000 digital resources were accessed across all schools from the beginning of
library implementation in schools in South Sudan in 2019. As illustrated in Figure 1, textbooks and
local resources were the most popular content in the SolarSPELL libraries, comprising 54.5% of all
resources accessed. Local resources in the SolarSPELL digital library primarily include local text-
books and teacher guides, curricula, syllabi, and other related content provided by MOGEL Of the
40,000 resources accessed across all schools, the South Sudanese textbooks and local resources were
accessed more than 21,000 times.
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Most Accessed Subjects - All Schools
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Figure 1. Library resources that have been accessed since
the SolarSPELL digital library usage began in South Sudan in 2019

The data usage report shows that science is the second most accessed subject, constituting nearly
20% of resources accessed. The data corroborate the claims made by administrators and teachers
across all schools in the interviews that science resources were highly sought after and widely used.
Other supplementary learning resources for language and reading, arts, health and safety, and math
have also been accessed from the SolarSPELL libraries to support classroom and home learning.
Supplementary resources have a less frequent access rate because the critical subject material is also
relayed to learners and teachers through the localized textbooks in the SolarSPELL digital library.
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Most Accessed Subjects - Distance Learning Program
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Figure 2. Resources most frequently accessed over the
two-week Distance Learning Program in South Sudan

Figure 2 shows the resources accessed during the two-week Distance Learning Program described
above. In this short timeframe, 14,577 resources were accessed in the libraries. The vast majority of
these resources (87.5%) were textbooks and the other learning resources made available by the Min-
istry of Education (teacher guides, syllabi, etc.). Since the stated intention of the program was to dis-
tribute textbooks so that students could follow along during radio lessons, this helps explain the high
percentage of textbooks downloaded vis-a-vis the rest of the library’s content. It likely also accounts
for the significant difference in the proportion of textbooks accessed during the Distance Learning
Program (87.5%) versus in-person learning (54.5%), when there was a greater possibility to utilize the
library as a repository of supplementary materials over a broad range of educational subjects.
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Figure 3. Total number of resources accessed from the SolarSPELL
digital library in both in-school (in-person) and Distance Learning Program use

Figure 3 aggregates all resources accessed across all subjects, during both the Distance Learning Pro-
gram and during in-person learning in the schools since 2019. In total, 54,937 resources were ac-
cessed between both initiatives from 2019-2022, with textbooks and local resources being the most
accessed category and science being the second most accessed category (or the most-accessed indi-
vidual subject).

Although the SolarSPELL SD card is able to track the number of times resources are accessed while
they are in the library, it is important to note that once these open-access resources have been down-
loaded and have thus made their way into the community, they could be used and shared countless
times — leaving no way for the SolarSPELL Initiative to track how extensively each resource is used
or shared once it is downloaded. Because the goal of the Distance Learning Program was to enable
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parents and teachers to download resources quickly, even while social distancing, no interviews were
conducted during the 2-week program.

A few months after in-person instruction resumed, however, structured interviews were conducted
with administrators and educators that allowed the SolarSPELL team to develop an understanding of
how resources were used and what impact they had on academic pursuits. Perhaps the clearest indi-
cation of the positive impact that SolarSPELL digital libraries had on teachers and administrators was
the unanimous response that each of them felt more prepared to effectively do their job by using the
SolarSPELL digital library.

In terms of frequency of use, six out of seven of the teachers and administrators interviewed re-
ported that the libraries were used on a daily basis at their school, particulatly since in-person learning
resumed. Every teacher and administrator also reported the positive aspect of the libraries providing
soft copies of the textbooks that the students and teachers alike could download and use at school or
at home.

It has relieved us from the issue of finding books. With the number of books in SolarSPELL, each and
every person can get access. And theres no issue of copying the books. And the book is still in place after
downloading. So, we have no problem of storage.

Most teachers also noted that learners and educators now had access to textbooks, which had been a
challenge before the arrival of the libraries.

1t has belped the teachers in getting the content to feach, becanse the majority suffered when getting access to
what to teach in class. But with SolarSPELL, they come and they ask for this library, then they write down
notes. So they find what they want. 1t has been very good for them. 1t has also eased the issue of students al-
ways complaining about texctbooks. When we got this SolarSPELL, the complaints reduced, because now
they have the books with them.

One teacher expressed excitement about the portability of the library resources since they can be
downloaded onto personal devices.

You can go with it anywhere. You can even download the books on your phone. In your free time in your
house, you can prepare for the lesson for tomorrow. You don't need to come to the library to access it. That is
one of the most beantiful things in the SolarSPELL.

Many of the teachers also expressed their excitement about how the digital library can help their stu-
dents build important skills for continuing their education.

We give them assignments, and they go, and they can extract the assignments. And then tomorrow, when they
are at the university, normally the professor doesn’t give you 90% of the knowledge, they only give you 10%.
The 90%, you need to go and look at it in the library. With the SolarSPEILL, you are already training
them on how to extract notes.

Multiple teachers pointed out that SolarSPELL provides both learners and educators the opportunity
to build skills for the 21st century and to modernize their educational experience.

We need teachers to not just be used to the traditional method of teaching, but they need to also be used to the
modern way of teaching. This SolarSPELL is something that exposes us to that. The impact I would like
to share is that it supports the learning and enconrages the young generation to come. Because we are at the
age of globalization, and it exposes one to technology.

When asked about the other educational resources in the school, one teacher responded:

Well, we have a library there, which is lacking in books. But the ones which we have, they are helping it.
Plus now we have the SolarSPELL. Because the SolarSPELL is now the mother of all. She has the new
curriculumy she has the texthooks. So this is how we are getting our educational resources now.
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Some schools took the initiative to make libraries available to the community and/or to neighboring
schools to allow the downloading of resources, both during and after the COVID-19 pandemic.

Teachers and students use the library. And then there are people coming from outside. The communities come
from outside. Because there are some neighboring schools around here, they don’t have access to these books or
to the texctbooks. They come to download these books from us here.

Interviews also provided the opportunity for teachers and administrators to share examples of chal-
lenges that they experienced and make recommendations for additional content they would like to
see added to future library versions. The most common challenge noted across all of the schools was
the lack of digital devices (computers, tablets, smartphones) for all students to connect to the So-
larSPELL digital library at one time. Similarly, the Distance Learning Program, though generally suc-
cessful in terms of increasing access to learning resources, faced comparable challenges. For example,
one school administrator reported that individual households often have only one smartphone.
Therefore, even when parents successfully download digital materials for all the kids in their house,
challenges still arise when large households with multiple school-aged children try to share a single
smartphone.

Even with such challenges, the findings from South Sudan suggest that there has been a significant
positive impact on student educational outcomes in schools and communities where SolarSPELL
digital libraries are most utilized. Some of the most striking feedback received by the SolarSPELL
team came from Schoo/ 1, where the SolarSPELL library has been in use since November 2019.
Teachers and administrators reported high usage levels of the SolarSPELL digital library even while
the pandemic made in-person instruction impossible. Independently from the aforementioned Dis-
tance Learning Program, teachers and administrators from this school used the SolartSPELL library
to support remote learning by disseminating lesson plans among students and encouraging them to
download textbooks from the library onto their personal devices (ot to family/household devices).
This enabled students to reference course materials while at home and listen to the radio-based les-
sons. This school received the highest overall score, or ranking, in South Sudan for the 2020 National
Exams. Furthermore, this school had two individual students who ranked in the top ten highest
exam-scoring students in the country (ranking #2 and #0, respectively) for 2020. Both teachers and
administrators at this school directly attributed these successes to the school’s extensive (and often
creative) use of the SolarSPELL digital library before, during, and after pandemic-related school clo-
sures.

Teachers and administrators from Schoo/ 2 reported that the frequency in which teachers used the So-
larSPELL digital library ranged from daily to once per week, with reported usage rates decreasing as
teachers downloaded resoutces to their mobile phones and were thus able to access and use those
resources directly from their phones. According to teachers at the school, students were enthusiastic
about their ability to access textbooks so that they could review material and read ahead to prepare
for lessons. It was also reported that students who used the SolarSPELL digital library more fre-
quently showed an increased motivation to learn and did better on the National Exams.

Schools that regulatly used SolarSPELL digital libraries and invested time in sustaining the train-the-
trainer model tended to see greater student success and more teachers reporting increased self-effi-
cacy. However, in schools where the train-the-trainer model was not taken up, and general student
engagement with the SolarSPELL library was lacking, positive changes in educational outcomes were
also limited. For example, at three of the schools that received SolarSPELL digital libraries, the initial
teachers trained to use the SolarSPELL digital library did not return to school when in-person in-
struction resumed.

Two further challenges faced by the research team came from the usage data collected from the li-
braries. At the point in time, the data was collected, it did not indicate whether a resource had been
downloaded, nor did it provide a timestamp to indicate when resources were accessed. Both of these
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features have since been incorporated into usage data that will be collected in the future. Addition-
ally, all of the estimates of resources accessed represent underestimates since there are distinct, self-
contained learning modules that are also available in the library that contain hundreds to thousands
of resources per module. Because of how they are coded, the SolarSPELL usage data software has
not been able to track module resource usage. This has been somewhat addressed since the data in-
forming this article were collected from South Sudan, with module access but not overall use, and are
now being tracked.

DISCUSSION

Given political instability, climate change, and the possibility of pandemics, educational distuptions
will continue to emerge, necessitating a progressive approach to global infrastructure and educational
challenges. For many people, access to quality education is directly inhibited by insufficient access to
digital and technological infrastructure (Vassilakopoulou & Hustad, 2023; Verdecchia et al., 2022).
Addressing these infrastructural challenges is crucial for improving educational outcomes, which in
turn impacts economic prosperity, individual agency, and digital literacy.

The findings of this article demonstrate that programs like the SolarSPELL Initiative have shown
positive impacts in both regular and disrupted educational settings in resource-constrained locations.
Data collected from the SolarSPELL Initiative in South Sudan indicate that offline digital libraries
provide critical access to educational resources and help develop essential digital and information lit-
eracy skills. When looking at the difference in the proportion of textbooks accessed during the Dis-
tance Learning Program (87.5%) versus during in-person learning (54.5%), it is clear that offline digi-
tal libraries serve a critical role in education during emergency situations. Although textbooks are
necessary for all forms of schooling, during an emergency situation, such as the COVID-19 pan-
demic, textbooks become a main source of information for students and teachers. Having access to
textbooks is monumentally important for students so they do not fall behind in their studies. Fur-
thermore, the findings demonstrate the importance of having localized resources available in the digi-
tal library. For example, South Sudanese textbooks are specific to South Sudan, and educators and
students in other countries require their own national textbooks. This highlights the importance, for
international organizations working in the educational sector, of having strong in-country partner-
ships as well as partnerships with ministries of education to ensure the relevance and effectiveness of
resources being provided (Hosman, 2014).

It is important to note that implementing alternative education modes during emergencies comes
with challenges. For the SolarSPELL digital library in South Sudan, primary obstacles included a
shortage of digital devices for accessing the library and a lack of ongoing training of trainers. Low
teacher morale and economic challenges post-pandemic were common globally (Robinson et al.,
2023). These challenges led many people to travel and seek new forms of employment. As a result,
some of the trained teachers were often unavailable to facilitate the use of the SolarSPELL digital li-
braries, leading to limited use. To address this challenge, new teachers from the three aforementioned
schools were identified and attended a train-the-trainer training at the Juba Girls School in order to
promote increased library usage and further training of teachers and administrators at their schools.

Even without the added pressure of educational disturbances, it is clearly beneficial to create more
adaptable education systems that allow for knowledge mobilization in a variety of infrastructural con-
texts, including learning opportunities that are outside the scope of traditional, formal education, and
that foster lifelong learning opportunities (Damasceno, 2023). As the educational response to the
COVID-19 pandemic suggests, there is a need to develop adaptable education pathways, particularly
for under-connected, marginalized communities around the world.

However, our findings suggest that the mere presence of technology is insufficient to surmount edu-
cational disruptions, and training and local adoption are critical for the long-term impact and sustain-
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ability of solutions. As mentioned above, for positive impacts to take root, knowledge of how to uti-
lize and leverage SolarSPELL digital libraries must pass between teachers, students, and administra-
tors - in this way, knowledge exchange becomes sustainable. The extent to which the SolarSPELL
libraries are used and integrated into teaching and learning appears to be correlated to whether or not
subsequent trainings are held after the initial train-the-trainer training to train additional teachers and
administrators and increase uptake school-wide. When such training and local adoption occurred, the
SolarSPELL digital library proved to be a valuable educational resource during the COVID-19 pan-
demic for students, teachers, and community members in South Sudan.

CONCLUSION

The impact of the SolarSPELL offline digital libraries in South Sudan during the COVID-19 pan-
demic underscores the potential of inclusive, offline learning solutions in addressing educational dis-
ruptions in under-connected communities. The findings from this case study highlight that such initi-
atives not only help maintain educational continuity during crises but also contribute to building digi-
tal and information literacy skills among teachers and students. The qualitative and quantitative data
collected reveal that the SolarSPELL digital libraries were successtul in increasing access to educa-
tional resources, particularly textbooks, during regular school openings and pandemic-induced school
closures. The success of the Distance Learning Program, supported by the Ministry of General Edu-
cation and Instruction, demonstrated that strategic partnerships and community engagement are criti-
cal for the effective implementation of such initiatives.

An important takeaway that warrants reiterating is that the mere presence of technology is not
enough. The effectiveness of digital libraries is enhanced by comprehensive and continuous training
and support for teachers and administrators. The train-the-trainer model used by the SolarSPELL
Initiative proved essential in ensuring that educators could confidently utilize digital libraries and in-
tegrate them into their teaching practices. Challenges such as the limited availability of digital devices
highlight the need for continued investment in infrastructure to best use digital educational tools.

Offline digital libraries, like those provided by the SolarSPELL Initiative, offer an adaptable approach
to education in emergencies, especially in low-resource settings. These libraries support continuous
learning, foster digital and information literacy, and help provide educational resources during times
of crisis, such as environmental disasters, civil unrest, and global pandemics. Future action research
should focus on expanding such initiatives, addressing infrastructural challenges, and exploring addi-
tional ways to enhance the scalability and sustainability of offline digital learning solutions in similar
contexts. Furthermore, an in-depth analysis of the long-term impact on educational outcomes is rec-
ommended despite the inherent challenges involved in this undertaking. By undertaking such re-
search, we can make significant strides toward ensuring quality education for all, even in times of cri-
sis.
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