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Digitalizing Healthcare Supply Chains in Africa: 
Achievements, Challenges and Impact

�Introduction

Healthcare supply chains are a critical component of health systems worldwide, 
ensuring the timely and equitable delivery of medicines, diagnostics, and health 
commodities to those in need. In Africa, these supply chains operate under particu-
larly challenging conditions, characterized by fragmented processes, inadequate 
infrastructure, and governance deficiencies (Woodburn 2013; Modisakeng et  al. 
2020). These weaknesses have significant consequences, including frequent stock-
outs, delays in care, and increased mortality, particularly among vulnerable popula-
tions such as women and children (Yadav 2015). The urgent need for more efficient 
healthcare supply chains has gained prominence in recent years, driven by increas-
ing demand for equitable access to healthcare and the burden of both communicable 
and non-communicable diseases. Despite significant investments by governments 
and international organizations such as WHO and UNICEF, persistent inefficiencies 
limit the impact of these efforts (Goshorn and Usswald 2014). Furthermore, the 
dynamic and highly regulated nature of healthcare systems poses unique challenges, 
with complex interdependencies across stakeholders, processes, and technologies 
(Cullen and Taylor 2009). Digital transformation offers a pathway to address these 
systemic issues. Emerging technologies such as big data analytics, Internet of 
Things (IoT), blockchain, and augmented reality promise to revolutionize supply 
chain operations by enhancing visibility, optimizing inventory management, and 
fostering data-driven decision-making (Song et  al. 2019; Ben-Daya et  al. 2019). 
These tools have already demonstrated success in other industries, such as manufac-
turing and food systems (Klötzer and Pflaum 2017; Amentae and Gebresenbet 
2021). However, their application within Africa’s healthcare sector remains limited, 
requiring a contextual understanding of local challenges and opportunities (Shamim 
et al. 2017). This book, “Digitalizing Healthcare Supply Chains in Africa: Successes, 
Challenges, and Impact,” brings together scholars and practitioners to explore the 
transformative potential of digital technologies in healthcare supply chains across 
the continent. Through a combination of case studies, thematic analyses, and 
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practical insights, it aims to illuminate the successes and barriers in digital adoption, 
offering actionable recommendations for building resilient, efficient, and patient-
centric healthcare supply chains.

�Background

Africa’s healthcare landscape presents a unique set of challenges. Health systems 
are often fragmented, underfunded, and poorly coordinated, resulting in inefficien-
cies that undermine service delivery. Supply chain weaknesses are particularly pro-
nounced, with issues ranging from manual processes and poor data to unintegrated 
systems and weak institutional frameworks (Woodburn 2013; Modisakeng et  al. 
2020). These deficiencies exacerbate the challenges of managing diseases across the 
continent, where healthcare systems face a “double burden” of persistent communi-
cable diseases and rising non-communicable conditions (Yadav 2015). Recent stud-
ies have highlighted specific weaknesses in both the demand and supply sides of 
healthcare delivery in Africa. On the demand side, challenges include limited access 
to healthcare facilities, poor financial protection, and low levels of patient educa-
tion. On the supply side, issues such as inadequate forecasting, inventory misman-
agement, and insufficient infrastructure remain persistent obstacles. As a result, 
healthcare systems struggle to ensure the availability of essential medicines and 
commodities, leading to duplication, waste, and reduced impact. Digitalization of 
healthcare supply chains has the potential to address many of these challenges. 
Technologies such as Logistics Information Systems (LIS), Enterprise Resource 
Planning (ERP), and mobile integration tools have proven effective in enhancing 
supply chain visibility, improving efficiency, and reducing costs. Additionally, 
emerging innovations like IoT and smart warehouse management systems enable 
real-time tracking and monitoring of health commodities, ensuring that resources 
are used optimally. However, the applicability of these solutions in Africa remains 
underexplored. Many studies focus on supply chain digitalization in developed 
countries or other sectors, such as manufacturing and hospitality (Klötzer and 
Pflaum 2017; Shamim et al. 2017). The healthcare context in Africa presents unique 
challenges, including resource constraints, socio-cultural dynamics, and gover-
nance gaps. These realities necessitate a contextual approach to digital transforma-
tion, one that is tailored to the specific needs and conditions of African healthcare 
systems. This book seeks to address these gaps by providing a comprehensive 
exploration of the successes, challenges, and socio-cultural factors shaping health-
care supply chain digitalization in Africa. It aims to bridge the divide between the-
ory and practice, offering insights that are both academically rigorous and practically 
relevant.

Digitalizing Healthcare Supply Chains in Africa: Achievements, Challenges and Impact
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�Motivation

The growing importance of healthcare supply chain digitalization cannot be over-
stated. Across the globe, digital technologies have transformed supply chains, 
enabling faster, more efficient, and more transparent operations. In Africa, however, 
healthcare supply chains remain largely underdeveloped, with significant room for 
improvement. This book responds to the urgent need for context-specific research 
and solutions, offering a platform for scholars and practitioners to share their expe-
riences and insights. One of the primary motivations for this book is the increasing 
recognition of the role of digital technologies in improving health outcomes. 
Investments in African health tech startups have grown significantly in recent years, 
reflecting a broader trend toward innovation and entrepreneurship in the region 
(Kene-Okafor 2022). Technologies such as mobile applications and frugal artificial 
intelligence (AI) innovations have demonstrated their potential to enhance access to 
care, reduce costs, and improve supply chain resilience (Mkansi and Landman 
2021). At the same time, international donor organizations and development part-
ners have begun to prioritize digital solutions in their efforts to strengthen African 
healthcare systems. Initiatives such as USAID’s Development Innovation Ventures 
(DIV) and the Gates Foundation’s digital health programs underscore the impor-
tance of digital transformation in achieving global health goals (Akpan et al. 2020; 
Dell et  al. 2013). These efforts provide a foundation for further exploration and 
scale-up, but their impact depends on understanding the unique socio-economic and 
cultural factors that influence technology adoption in Africa. This book also seeks 
to fill a gap in the academic literature. While there is substantial research on digita-
lization in other sectors, studies on healthcare supply chains in Africa remain scarce. 
By focusing on the intersection of technology and healthcare supply chains, this 
volume contributes to a growing body of knowledge that emphasizes inclusivity, 
sustainability, and cultural relevance. It aims to empower policymakers, educators, 
and practitioners with the tools and frameworks needed to drive meaningful change, 
ultimately improving healthcare delivery across the continent.

�Book Structure

This book provides a detailed examination of the ongoing digital transformation 
within healthcare supply chains in Africa. Organized into four thematic parts, it 
explores the barriers, innovations, governance frameworks, and tangible impacts of 
digital technologies. Each chapter brings unique perspectives, highlighting the chal-
lenges, opportunities, and successes in Africa’s journey toward resilient and effi-
cient healthcare supply chains. 

Digitalizing Healthcare Supply Chains in Africa: Achievements, Challenges and Impact
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�Part I: Challenges and Barriers in Healthcare Supply 
Chain Digitalization

The first part addresses the structural and systemic challenges that hinder digital 
transformation in Africa’s healthcare supply chains. Through detailed discussions, 
the chapters reveal how political, social, and technological factors intersect to create 
obstacles, while also identifying pathways to overcome them. Trout et al. examine 
the maternal and child health (MCH) supply chain in South Africa, providing a 
compelling analysis of socio-economic stressors, such as male partner abandon-
ment and food insecurity, that exacerbate inefficiencies. Their chapter sheds light on 
how fragmented data systems and limited digital infrastructure hinder the integra-
tion of mobile and digital health tools. The authors emphasize the need for collab-
orative efforts across sectors to establish robust data systems and foster digital 
readiness, offering a roadmap for improving MCH outcomes. Asiedu et al. expand 
this discussion by focusing on barriers to innovation diffusion in Uganda’s public 
healthcare supply chains. Their research introduces the “A.R.E. Concept,” which 
highlights the importance of adequate preparation, readiness for implementation, 
and efficient system management. This framework provides practical solutions for 
overcoming political, economic, and technological hurdles, enabling healthcare 
systems to better embrace digital transformation. Together, these chapters offer a 
nuanced perspective on the socio-economic realities and governance challenges of 
digitalizing healthcare supply chains. They set the stage for the exploration of inno-
vative solutions in subsequent sections.

Part 1: Challenges and Barriers in 
Healthcare Supply Chain Digitalization

Part 2: Technological Innovations 
Transforming Healthcare Supply Chains

Part 3: Governance, Integration, and Trust in 
Digital Platforms

Part 4: Impact of Digital Supply Chain 
Transformation on Healthcare Delivery

Digitalizing Healthcare Supply Chains in Africa: Achievements, Challenges and Impact
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�Part II: Technological Innovations Transforming Healthcare 
Supply Chains

The second part explores the promise of technological innovations and showcases 
how cutting-edge tools are reshaping healthcare supply chains in Africa. These 
chapters illustrate the transformative power of digital solutions in improving effi-
ciency, accessibility, and decision-making. Okoche et al. present a case study on 
the use of a mobile application to coordinate malaria stock and production manage-
ment in South Africa. This example demonstrates how digital tools empower small 
suppliers to manage inventory effectively, even in resource-constrained settings. By 
showcasing how the application enables real-time decision-making and operational 
efficiency, the chapter highlights its potential to create more agile and responsive 
supply chains, critical for addressing urgent health challenges like malaria. Mkansi 
et al. focus on the role of frugal artificial intelligence (AI) innovations in pediatric 
radiology supply chains. Their chapter examines how AI-driven tools optimize 
resource allocation, enhance diagnostic accuracy, and bridge healthcare disparities. 
By applying the Technology-Organization-Environment (TOE) framework, the 
authors provide actionable insights into scaling AI solutions across diverse health-
care contexts in Africa. The chapter not only highlights the benefits of AI but also 
addresses the socio-economic factors influencing its adoption, offering a compre-
hensive view of its potential. This section showcases the creative and impactful 
ways digital innovations are addressing logistical and operational challenges in 
Africa’s healthcare systems. It provides readers with compelling examples of how 
technology is redefining supply chain management in the region.

�Part III: Governance, Integration, and Trust 
in Digital Platforms

The third part focuses on governance, integration, and trust, which are crucial for 
the successful implementation of digital healthcare supply chains. These chapters 
explore how digital platforms enable better stakeholder collaboration, enhance 
transparency, and streamline supply chain operations. Abdulkadir and Kreie 
examine the effects of digital platforms on governance and visibility in Nigeria’s 
public healthcare system. Their findings reveal how these platforms reduce medi-
cine stockouts by fostering trust and improving coordination among stakeholders. 
The authors advocate for advanced capacity-building initiatives to enhance gover-
nance structures and ensure the full potential of digital platforms is realized. In a 
complementary chapter, Matenda et al. analyze Health-Guider, a file and database 
system designed to streamline supply chain processes. This tool simplifies tasks like 
appointment scheduling and prescription management while addressing integration 
challenges. The authors also discuss significant barriers to market access, 
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particularly in South Africa, where restrictive policies and infrastructure gaps limit 
scalability. Their analysis balances the possibilities of digital tools with the chal-
lenges of implementing them in real-world settings. By focusing on governance and 
integration, this section emphasizes the importance of stakeholder collaboration and 
aligned policies. It offers practical recommendations for fostering trust and building 
cohesive digital healthcare supply chains.

�Part IV: Impact of Digital Supply Chain Transformation 
on Healthcare Delivery

The final part examines the tangible impacts of digital transformation on healthcare 
delivery. These chapters explore how digital tools improve patient outcomes, 
enhance accessibility, and promote resource efficiency, offering a hopeful vision for 
the future. Ogweno et al analyze the role of mobile health (mHealth) initiatives in 
addressing healthcare literacy gaps in sub-Saharan Africa. Using the Stowelink 
Foundation as a case study, they demonstrate how digital platforms empower com-
munities to engage in their healthcare journeys, fostering positive health behaviors 
and strengthening the downstream arm of healthcare supply chains. Mkansi and 
Ogweno expand on this theme by exploring the Lifesten Health application’s impact 
on diagnosing non-communicable diseases in Rwanda. Their chapter highlights 
how AI-enabled mobile diagnostics extend healthcare delivery beyond traditional 
facilities, integrating diverse stakeholders such as pharmaceutical companies, insur-
ers, and community forums into a cohesive ecosystem. This narrative underscores 
the potential of digital transformation to create equitable and patient-centered 
healthcare supply chains. These chapters illustrate the far-reaching benefits of digi-
tal tools, showcasing their ability to bridge gaps in healthcare delivery and improve 
resource efficiency. They invite readers to envision a future where technology trans-
forms healthcare supply chains into systems that prioritize accessibility, quality, 
and equity.

�Conclusion

The chapters in this book collectively advance the discourse on healthcare supply 
chain digitalization in Africa. By addressing challenges, showcasing innovations, 
and exploring governance and impact, the book offers a holistic understanding of 
the digital transformation journey. It serves as a valuable resource for academics, 
policymakers, and practitioners seeking to improve healthcare delivery through 
innovative and contextually relevant supply chain solutions. By bridging the gap 
between theory and practice, this volume positions Africa as a hub of innovation in 
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healthcare supply chain digitalization, paving the way for sustainable and equitable 
healthcare delivery across the continent.
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Chapter 1
Challenges and Lessons Learned 
to Strengthen Maternal and Child Health 
in South Africa and Considerations 
for Implementing Digital Technologies

Kate E. Trout, Gillian Bartlett-Esquilant, Chantell Witten, Eyob Teklesenbet, 
Julian May, and Shane Norris

1.1 � Introduction

Malnutrition is a neglected and preventable aspect of maternal and child health 
(MCH) and is estimated to be an underlying factor in nearly 30% of children’s 
deaths in South Africa (Department of Health 2020). Despite South Africa’s efforts, 
through multiple programs (social grants, health services, micronutrient supple-
ments, exclusive breastfeeding support), the population of South Africa continues to 
face significant mortality and a seemingly unmovable prevalence of stunting. In 
South Africa, the persistent burden of stunted children remains unchanged, and mal-
nutrition among women of reproductive age is increasing. Stunting, also known as 
chronic malnutrition, can occur from the cumulative effects of undernutrition and 
infections during childhood, and notably, can occur even before birth. Stunting, 
severe wasting, and intrauterine growth restriction are among the most significant 
problems related to undernutrition, which can occur because of nutritional deficien-
cies and/or persistent diarrheal episodes. There is a golden interval for intervention, 
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from pregnancy to 2 years of age, that creates an opportunity to change child growth 
trajectories and improve health outcomes (WHO 2008). Malnutrition during the 
first 2 years of life can cause a delay/decline in both physical and cognitive growth. 
After age 2, undernutrition will have caused irreversible damage for future develop-
ment towards adulthood, making these individuals more susceptible to both infec-
tious and chronic diseases. Immediate attention is needed to reduce childhood 
mortality under the age of 5, and especially in South Africa that remains an outlier 
despite being an upper middle-income country.

Stunting is defined as low height-for-age that is caused by chronic undernutri-
tion, and is associated with poverty, poor maternal health and nutrition, and inap-
propriate feeding and care in early life. Stunting can cause several negative health 
outcomes such as a delay in cognitive development, hindered physical growth, and 
greater illness and poor health (Said-Mohamed et  al. 2015). When children are 
stunted, it not only hampers their own physical and cognitive development, but also 
perpetuates a cycle of poverty as the individuals affected are less likely to achieve 
their full potential, to complete their education, and to escape the cycle of poverty, 
thus leading to continued deprivation in subsequent generations.

Nearly 30% of children under the age of 5 are nutritionally stunted in South 
Africa, a prevalence that has remained unchanged for more than three decades (May 
et al. 2020). This is particularly worrisome since the right to access sufficient food 
and nutrition is embedded in Sections 27 and 28 of the South African Constitution 
of 1996, and South Africa has consistently adopted and implemented strategies that 
have reduced stunting in other countries. Researchers and providers in primary care 
have developed guidelines on how to properly address malnutrition and child mor-
tality (Department of Planning, Monitoring, and Evaluation of South Africa 2014). 
Mothers should be getting counseling on their health status and recommendations 
about child nutrition and where food could be found by healthcare providers. Other 
guidelines included exclusive breastfeeding and providing energy-dense and 
micronutrient-enriched foods. South Africa has been able to implement these guide-
lines and use community-based education to teach mothers how to prevent stunting 
(Department of Planning, Monitoring, and Evaluation of South Africa 2014; 
UNICEF 2020a, 2020b).

This places South Africa as an outlier when compared to other upper-middle-
income countries regarding the ability to significantly impact preventable stunting 
outcomes (May and Timæus 2014; Devereux et  al. 2019). Addressing stunting 
requires a holistic approach that considers all these complex and interrelated fac-
tors. However, the lack of Big Data in South Africa and much of Africa and Asia 
makes it difficult to understand the drivers and impacts of chronic malnutrition and 
poor maternal and child health related to stunting. Discussion has begun on how 
patients in South African might be able to use their phones to keep health records, 
thus improving digitized health data and strengthening patient-provider interac-
tions. The idea is that patients would bring their phones when going to see a health-
care provider but would also have access to records after leaving their provider’s 
office. Having health records on one’s phone presents certain challenges. For exam-
ple, if someone were to steal one’s phone, the privacy of a person’s records would 
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be breached allowing others to observe sensitive information that is meant to remain 
private.

These types of occurrences would likely lead to mistrust and stigma within the 
communities, especially related to disclosing HIV status. However, mothers dis-
closing their HIV status can lead to improved maternal and child health by ensuring 
timely access to appropriate medical care and support. This disclosure also enables 
better planning and management of the child’s health, including preventive mea-
sures against HIV transmission to reduce the risk of mother-to-child HIV transmis-
sion. Beyond HIV status, the propensity to disclose maternal and child health 
information in South Africa varies, influenced by factors such as cultural norms, 
stigma, education levels, and trust in healthcare systems. While some mothers may 
openly share health information to receive better care and support, others may with-
hold it due to concerns about stigma, privacy, or mistrust of healthcare providers. 
Efforts to improve health literacy, reduce stigma, and build trust in the healthcare 
system are crucial to encouraging more widespread and open disclosure of maternal 
and child health information. Further research is needed to explore how health 
records can be managed on phones in South Africa to digitize health data and 
enhance patient-provider interactions, while addressing stigma-related concerns 
and ensuring privacy and confidentiality.

In this chapter, we will discuss (1) the importance of engaging in community-
based participatory research for directing Big Data resources for maternal and child 
health, and (2) the identification of the modifiable factors underlying malnutrition in 
South Africa that will require multi-sectoral efforts. Big Data could help South 
Africa monitor and use empirical data results to make supported healthcare deci-
sions. This approach is outlined in the Nurturing Care Framework, a comprehensive 
plan that has been adopted by the South Africa National Department of Health, 
which is discussed in detail later in the chapter. Tracking variables such as the prev-
alence of modifiable risk factors of breastfeeding, diarrheal episodes, malnutrition, 
and mental health will improve maternal and child health. Big Data will also help 
improve and implement data-driven policies and programs by prioritizing interven-
able factors by geography and time within the first 1000 days of life. The “First 
1000 days” of life approach emphasizes the critical significance of the period from 
conception to a child’s second birthday, and plays a foundational role in shaping a 
child’s physical and cognitive development. Policies and procedures implemented 
from data-driven decision support will improve the public health of South Africa 
even while other infections and diseases such as HIV/AIDS, TB, and Covid-19 are 
still in high prevalence within the country.

1.1.1 � Study Context

Diversity in South Africa is a defining characteristic of the nation which boasts a 
complex tapestry of people, cultures, languages, and ethnicities. South Africa is 
often referred to as the “Rainbow Nation” due to its remarkable blend of diversity. 
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This diversity is a result of centuries of migration, colonization, and historical 
events. The country’s population is comprised of various racial and ethnic groups 
including Black Africans (81.4%; including various ethnicities such as Zulu, 
Xhosa, Sotho, and others), White South Africans (7.3%; of predominantly British, 
Dutch, or European descent), Coloureds (8.2%; a mixed-race population), and a 
small Indian and Asian community (2.7%) (Department of Statistics South Africa 
2023). Coloureds is a widely used description for ethnicity in the South African 
context (though seen as an offensive term in other western societies), and are pri-
marily descended from the Khoisan people who originally inhabited the western 
parts of South Africa, Asian and African, European settlers, and from other parts of 
Africa. Language diversity is another striking aspect of South Africa recognizing 
11 official languages including isiZulu, isiXhosa, Afrikaans, English, and several 
others. Each of these languages represents distinct cultural groups and adds to the 
country’s rich linguistic landscape. However, it is important to note that South 
Africa’s history has been marked by significant challenges related to diversity, 
including the Apartheid era which institutionalized racial segregation and discrimi-
nation. While Apartheid officially ended in 1994, the legacy of this system contin-
ues to negatively influence issues related to race, inequality, and social justice in 
the country.

1.2 � Literature Review

1.2.1 � The Syndemics of Maternal and Child Health 
in South Africa

Stunting has been one of the major health issues brought to light in South Africa; 
however, there have been many other risk factors that co-occur and contribute to 
poor MCH outcomes in the country. Other noteworthy risk factors are poverty, 
endemic infectious diseases (HIV/tuberculosis), co-occurring chronic diseases, inti-
mate partner violence, and depression. Syndemics (or synergistic epidemics) are 
complex and intertwined webs of health conditions, often overlapping and reinforc-
ing one another, creating a greater burden of disease. Syndemics can be defined as 
diseases that co-occur in temporal or geographical contexts and interact at the popu-
lation or individual level, exacerbating the prognosis and the burden of disease (Tsai 
and Venkataramani 2016). An upstream approach must be taken to address the com-
plexities of these risk factors and to improve the outcomes of MCH in South Africa. 
A great deal of involvement and investment from government leaders and decision 
makers must be made to create stability in the improvements that are made.

According to UNICEF (2020a, 2020b), 1.5 million children are stunted in South 
Africa, 50% of children living below the poverty line, and 30% of children living in 
households with unemployed individuals who have no access to healthy diets. Many 
mothers and children in South Africa are overweight or obese that are 
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simultaneously malnourished. In fact, one third of children under 5 years are over-
weight or obese and stunted. Also, 27.4% of mothers in South Africa are over-
weight, and 43.3% are obese (Modjadji and Madiba 2019). There is a double burden 
of malnutrition in South Africa. Undernutrition in early life may predispose to over-
weight and noncommunicable diseases later in life, such as diabetes and heart dis-
eases. Undernourished infants and children, including those that are stunted, are 
more susceptible to disease and weight gain/obesity can occur in adolescents and 
into adulthood. These biological mechanisms driven by social and environmental 
influences contribute to the double burden of malnutrition.

One of the prominent factors driving the double burden on malnutrition and 
MCH outcomes is poverty. South Africa has made many strides toward becoming a 
developed country; however, there are geographic areas within South Africa that 
continue to suffer from barriers related to low income. These barriers include infor-
mal housing, low government involvement, food insecurity, job insecurity, lack of 
access to clean water, and healthcare disparities. Many families, especially those 
living in rural areas, live below the poverty line and lack the financial resources to 
gain access to healthcare, food, housing, education, etc. Covid-19 exaggerated this 
effect by driving up income equality and unemployment rates. A survey done in 
South Africa during the pandemic showed that two of every five adults showed their 
household income was diminished, resulting in families experiencing food insecu-
rity and children not getting an adequate amount of food (Wills et al. 2023). The 
economic flow of a country is vital to sustain and develop a country; however, in 
South Africa, the amount of people who live below the poverty line is simply too 
great to sustain growth. Over 55% of citizens in South Africa were living in poverty, 
making affordability of healthcare an issue. To help combat this economic disparity, 
South Africa has free health care for pregnant women and children under 6 years 
and for the elderly older than 60 years and launched many free Mhealth (Mobilized 
Healthcare) interventions to reach mothers living in hard-to-reach areas.

Endemic infectious diseases are another risk factor contributing to poor 
MCH. South Africa’s two most infectious diseases are HIV/AIDS and Tuberculosis 
(TB). According to the Centers for Disease Control (CDC), South Africa has the 
highest HIV prevalence in the world with 1 in 5 South Africans having HIV and 3 
of every 4 new cases of HIV being women between the ages of 15 and 24. Efforts to 
reduce the incidence rate of HIV include providing testing, antiviral medication, 
and education. However, the CDC (2020) reported that only 68% of people with 
HIV in South Africa were taking medication. South Africa has, however, lowered 
the rate (to 1%) of HIV transmission from mother to baby. Many individuals have 
both TB and HIV, and TB is the leading cause of death in HIV patients (CDC 2020). 
The complexities of these diseases can create a division and stigma in women who 
are pregnant that have HIV, which creates emotional and physical stress only adds 
to the decline in maternal and child health.

South Africans not only suffer from infectious diseases but also experience co-
occurring chronic diseases such as ischemic heart disease, diabetes, asthma, hyper-
tension, chronic obstructive pulmonary disease, and respiratory infections 
(Chidumwa et al. 2021). 14% of South Africans across all age groups are living with 
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multiple noncommunicable diseases (Chidumwa et al. 2021). This double burden of 
chronic and infectious diseases can complicate pregnancy and delivery, especially 
in women who experience hypertension, hyperglycemic disorders, and weight gain 
(Hoffman et al. 2021). Furthermore, South Africa women experience high rates of 
depression during the prenatal stage and postpartum stages of pregnancy. This fac-
tor combined with the rate of comorbidity in South Africa makes delivery very 
complicated, especially since South Africa lacks the resources and infrastructure to 
treat patients with mental illness (Pellowski et al. 2019).

South African women have a high frequency of being victims of domestic vio-
lence, with a quarter of the female population having been abused (emotionally/
physically/sexually). Domestic violence tends to be underreported, due to fear of 
retaliation, so this rate can be assumed to be higher (Mshweshwe 2020). Abuse puts 
a large amount of stress and harm on pregnant women which can cause complica-
tions during and after the pregnancy. A study showed that 12% of the domestic 
violence in South Africa is against pregnant women contributing to depression, 
PTSD, substance abuse, hypertension, sexually transmitted diseases, and anxiety 
(Field et al. 2018). Domestic assault during pregnancy or post-delivery can lead to 
infant mortality because mothers who are fearful of retribution tend to forego pre-
natal care which can lead to low-birthweight, placenta abruption, hemorrhaging, 
rupturing of the uterus, and premature labor. In some facets of South Africa’s cul-
ture makes some women avoid reporting the abuse they are experiencing, especially 
if the partner is not the only perpetrator. For example, in rural areas there are many 
multigenerational households, and some women face abuse from family members 
other than their partners. This dynamic adds to the reasoning of women not telling 
healthcare professionals or local authorities about their abuse. More studies need to 
be conducted on mothers who are experiencing abuse and mental illness during 
their pregnancy to hopefully lower the mortality rates of both mothers and 
their babies.

As discussed, chronic malnutrition in early life is still a problem in many South 
African regions, especially in rural areas. According to UNICEF, only 32% of 
mothers in South Africa exclusively breastfeed. Exclusive breastfeeding is vital in 
the development of a child during the first 6 months. Deaths attributed to stunting 
and wasting have accounted for 21%–33% of deaths in children under 5 (Nannan 
et al. 2022). The UNICEF data warehouse shows that the child mortality rate in 
South Africa has declined over the years, with a current rate of 33 deaths per 1000. 
The cause of death is still complex due to comorbidity rates being so high; how-
ever, we most often find that child mortality rates are caused by pregnancy and 
delivery complications, HIV/AIDS, neonatal illness, and chronic malnutrition 
(Mabaso 2013). Studies must be done to identify modifiable levers to overcome the 
negative impacts that poverty and inequity have on maternal and child health 
outcomes.
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1.2.2 � The Nurturing Care Framework

The Nurturing Care Framework (NCF) has been adopted by the South Africa 
National Department of Health as a comprehensive approach that focuses on pro-
viding integrated services that promote both survival and nurturing care through the 
health system (World Health Organization, United Nations Children’s Fund, and 
World Bank Group 2018). The NCF targets middle- and low-income countries to 
help children not only survive but also ultimately thrive, while lowering child mor-
tality rates throughout the world. The NCF establishes five strategic action plans to 
help the development of newborns and children, including: lead and invest, focus on 
families and their communities, strengthen services, monitor progress, and use data 
and innovation (Fig. 1.1).

Focusing on improving data and innovation creates opportunities to enhance 
practices, identify disparities, and improve healthcare outcomes. Effective and 
timely data gives healthcare professionals the tools to make evidence-based deci-
sions, which lead to better outcomes in child development. When you can measure, 
collect, and analyze data, you can more effectively improve, manage, and control 
healthcare costs, access, and outcomes (Nelson et al. 2000), and stakeholders, poli-
ticians, healthcare professionals, and researchers can improve more than just child 
development and well-being (WHO et al. 2018). However, multidisciplinary part-
nerships often lack the funding and infrastructure to create the necessary multi-
sectoral databases, where NCF can serve as a guide for new data structures and 
innovations. Officials and healthcare leaders must prioritize the implementation of 

Fig. 1.1  The five components of nurturing care—Source: The World Health Organization, the 
United Nations Children’s Fund, and the World Bank Group (2018) Nurturing Care for Early 
Childhood Development: A framework for helping children survive and thrive to transform health 
and human potential. Geneva: WHO
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national research and learning platforms so that teams can collaborate to create 
multidisciplinary teams to address and fit the needs of each child’s development 
(WHO et al. 2018).

1.2.3 � Mobile Health (Mhealth) and Digital 
Health Interventions

Mobile health (Mhealth) technologies can be powerful tools for collecting real-time 
health data from diverse populations for delivering healthcare interventions, 
addressing health disparities, and digitizing data. Through mobile apps, SMS, or 
data collection platforms, healthcare workers can collect information on disease 
outbreaks, patient demographics, and health behaviors. This data is essential for 
disease surveillance, epidemiological research, and monitoring public health trends 
to ensure that interventions are data-driven and targeted where they are most needed. 
South Africa has made many strides in Mhealth throughout the years. One system-
atic review showed that Mhealth helped improve patient follow-up and medication 
adherence, staff training, drug supply chain and stock management, patient educa-
tion, disease surveillance and interventions monitoring, and data collection/transfer 
(Aranda-Jan et al. 2014).

South Africa has a higher per capita income than other African countries; how-
ever, they still have a large rural population and lack the infrastructure to maintain 
and scale health information systems. Even though the penetration of cellphones in 
South Africa has been growing (Taylor 2023), affordability and access disparities 
exist particularly in rural areas. South Africa’s population that has access to smart-
phones with data could provide a much more economical alternative to SMS texting 
(Barron et al. 2018). However, mobile cellular data users significantly decreased by 
46% from 75 million in 2020 to 40 million in 2021 (ICASA 2020). In 2020, 66.8% 
of metro, 71.6% of urban, and 52.9% of rural households in South Africa were using 
mobile devices to access internet (ICASA 2020). Digital health interventions can 
become particularly costly for patients in rural areas who are paying more for the 
services (Mbunge et al. 2022).

MomConnect is the first (2014) and one of the largest Mhealth interventions in 
South Africa. MomConnect is an app that provides pregnant women with access to 
vital information and care they need to help promote a safe and healthy pregnancy 
and delivery. Over 500,000 pregnant South African women use the app which 
accounts for 46% of pregnant women in the public health sector (Barron et  al. 
2016). The app allows mothers to get notifications of their appointment times, infor-
mation to keep their baby and themselves healthy, and regular information on pro-
moting healthy behaviors during pregnancy (Barron et  al. 2016). Furthermore, 
before MomConnect was nationally funded and rolled out, it, like the majority of 
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other Mhealth interventions, was donor funded. Donor funding contributes to an 
instability in the business model resulting in little to no evidence of effective 
improvements of healthcare outcomes (Barron et al. 2018). Although MomConnect 
is free for end-users, users still must pay for high-cost SMS texting rates which 
limits access based on economic status, and it is unclear of the effectiveness of 
MomConnect across diverse populations.

Very few studies exist on the feasibility of these digital interventions in South 
Africa; however, the general assumption can be made that patients would be willing 
to use digital health and Mhealth interventions if they had the resources to do so. 
One study by Rabe (2022) supported this notion that telehealth in South Africa has 
been observed as safe and effective when resources are available. Certain interven-
tions are more feasible than others. For example, telephone consultation may be 
easier to conduct with patients when they are simply following up on a previous 
appointment. Another important factor is that South African providers have a low 
acceptance of digital health interventions. A study done in Eastern Cape, a rural area 
in South Africa, showed that despite the large amount of investment in telemedicine 
in the area, only one-third of health facilities had an operational telemedicine sys-
tem (Cilliers and Flowerday 2014). Furthermore, the study showed that the unreli-
able electricity and low bandwidth made it virtually impossible to support digital 
health interventions. Finally, South Africa has a rapidly evolving wireless network 
sector, cutting costs is still an issue which can negatively affect the data processing 
and scalability of digital health interventions (Gillwald 2023).

1.3 � Methodology

From July 2020 to November 2020, investigators from the University of Western 
Cape (UWC), the University of the Witwatersrand (Wits), and the University of 
Missouri (UM) developed a working framework to stimulate new areas of research 
across this international collaboration that aligns with institutional and national 
healthcare research agendas. The research capacity of our international partnership 
and the team’s expertise is described hereafter. The Wits team has over 12 years of 
experience with the harmonization of birth cohort data (COHORTS: Consortium of 
Health Oriented Research in Transitioning Societies) from South Africa (Birth to 
Twenty Plus cohort), Brazil, India, Guatemala, and the Philippines. The successful 
harmonization of complex data and analytics have universally highlighted (indepen-
dent of study setting) the fact that the pattern of infant growth is significantly associ-
ated with final adult height, body composition, hypertension, diabetes risk, and 
human capital outcomes. These findings have influenced the policies of both the 
WHO and South Africa resulting in the prioritization of the “First 1000 Days” in the 
South African Nutrition Directorate’s Strategic planning.
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The Wits partnership is led by Professor Shane Norris who is also the Director of 
the DSI-NRF Centre of Excellence in Human Development (CoE-HD), one of 11 
such centres established by the South African National Research Foundation to pro-
mote multi-institutional and multidisciplinary research. The University of the 
Western Cape and the DSI-NRF Centre of Excellence in Food Security (CoE-FS) is 
led by Professor Julian May, the Director of the DSI-NRF Centre of Excellence in 
Food Security. Over the past 10 years, the CoE-FS has explored how a sustainable 
food system can be achieved to realize food security for poor, vulnerable, and mar-
ginal populations. Among other projects, the CoE-FS is involved in developmental 
efforts that include climate smart agriculture and the development of computable 
general equilibrium models of food systems and data pooling projects on child mal-
nutrition. In addition to the core functions of research and training, activities of 
engagement by the CoE-FS include linking thought leaders through the establish-
ment of Communities of Practice (CoP); workshops, symposia, and conferences; 
demonstration plots and “proof-of-concept” projects.

As a team, we engaged in community-based participatory research (CBPR) to 
identify and characterize multi-dimensional and modifiable explanatory variables 
underlying heterogeneous MCH outcomes (mortality, malnutrition related to stunt-
ing, and mental health) across two South African provinces, Gauteng and Western 
Cape, using a “first 1000 days” lens. Secondarily, we assessed the feasibility of 
implementing digital technologies (such as mHealth applications) to augment Big 
Data efforts and deliver interventions. CBPR is of paramount importance in the 
realm of academic inquiry and social change. This collaborative approach brings 
together researchers and community members to jointly design, conduct, and dis-
seminate research projects. Community-based participatory research recognizes 
that local communities possess invaluable insights and expertise about their own 
needs and challenges.

By engaging these communities as active partners in the research process, CBPR 
ensures that the research is not only relevant but also responsive to the community’s 
concerns. This approach promotes a more equitable distribution of power, fosters 
mutual learning, and generates sustainable solutions that can directly benefit the 
community. Ultimately, CBPR empowers communities to take control of their own 
narratives, promotes social justice, and leads to more effective and meaningful 
research outcomes that drive positive change at the grassroots level. Through con-
ducting key informant interviews and community focus groups, participants were 
encouraged to describe the complex interplay of multiple factors over the first 1000-
day period to identify barriers to MCH and facilitate improvement in the interven-
tion and policy efforts. Using the Nurturing Care Framework, we focused on 
identifying factors important for children to “survive and thrive” by targeting the 
heterogeneous MCH outcomes of mortality, malnutrition related to stunting, and 
mental health across the five domains: health, nutrition, responsive caregiving, 
security and safety, and early learning. By triangulating results from this mixed 
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methods study, we identified key priorities to advance implementation science and 
Big Data for studying MCH outcomes.

We conducted key informant interviews and focus group sessions in July 2022. 
Informants engaged in in-depth interviews for 45 min to 1 h and included public 
health professionals/researchers, government stakeholders, health care profession-
als, and community health workers. The purpose was to collect information from a 
wide range of stakeholders including leaders in the field, and those who have first-
hand knowledge on the topic to propose recommendations to address these priori-
ties. Three focus group sessions were conducted in a rural agricultural community 
in Western Cape. Each session lasted about 2 h and included 6–11 participants who 
were recruited through convenience sampling. Two female caregiver (i.e., mother/
grandmother) focus groups and one male caregiver (i.e., father/male partner) focus 
group was conducted to gather diverse perspectives. We know that men’s engage-
ment is a critical component for improving maternal and child health, yet there is a 
gap in involving men as part of the research processes (Ditekemena et  al. 2012; 
Tokhi et al. 2018). Participants were (1) 18 years or older, and (2) currently caring 
for at least 1 child that was 2 years or younger. Each focus group was facilitated by 
local translators in Afrikaans and IsiXhosa trained in best practices for data collec-
tion. All interviews and focus group sessions were audio-recorded and transcribed 
after the sessions. We conducted thematic and content analyses of qualitative data. 
The information from the key informant interviews was compared with results from 
focus group sessions. NVivo was used for all qualitative analyses.

1.4 � Results

Table 1.1 describes the characteristics of all study participants. The key informants 
included those in academia/research (n = 2; 28.6%), government official (n = 1; 
14.3%), and community health workers (n  =  3; 42.9%). Across all participant 
groups, the majority were unmarried. Three of the female caregivers identified as 
grandmothers, and the rest as mothers. All the female caregivers were unemployed, 
and the majority of the male caregivers (83.3%). One male caregiver identified their 
occupation as “self-employed,” which could indicate contract labor. Over half of the 
female caregivers identified as colored (57.9%) predominately speaking IsiXhosa 
(57.9%) as their first language. Most of the male focus group identified as black 
African (66.7%), and all spoke IsiXhosa.

Table 1.2 describes themes impacting nutrition that focuses on the first 1000 days 
of life. All participants said that employment opportunities are key priorities for 
male and female caregivers. Key informants said that poverty and economic oppor-
tunity is the root of the malnutrition issues in South Africa. The pandemic further 
negatively impacted health outcomes for mothers and children. All groups stated 
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Table 1.1  Sociodemographic and characteristics of study participants

Sociodemographic

Key 
informants
N = 7
n(%)

Female caregiver focus 
group
N = 19
n(%)

Male caregiver focus 
group
N = 6
n(%)

Gender

 � Male 0 (0) 0 (0) 6 (100)
 � Female 7 (100) 19 (100) 0 (0)
Age*
 � Under 20 0 (0) 1 (5.3) 0 (0)
 � 20–29 0 (0) 7 (36.8) 0 (0)
 � 30–39 2 (28.6) 5 (26.3) 3 (50)
 � 40–49 4 (57.1) 2 (10.5) 2 (33.3)
 � 50+ 1 (14.3) 1 (5.3) 1 (16.7)
 � No answer/don’t 

know
0 (0) 3 (15.8) 0 (0)

Marital status
 � Married 3 (42.9) 4 (21.1) 0 (0)
 � Unmarried 4 (57.1) 15 (78.9) 6 (100)
Ethnicity
 � White 2 (28.6) 1 (5.3) 0 (0)
 � Coloured 2 (28.6) 11 (57.9) 2 (33.3)
 � Black African 3 (42.9) 7 (36.8) 4 (66.7)
First language
 � Dutch 1 (14.3) 0 (0) 0 (0)
 � English 1 (14.3) 0 (0) 0 (0)
 � Afrikaans 1 (14.3) 7 (36.8) 0 (0)
 � IsiXhosa 4 (57.1) 11 (57.9) 6 (100)
 � Other 0 (0) 1 (5.3) 0 (0)
Highest education
 � Primary 0 (0) 1 (5.3) 0 (0)
 � Grades 8–10 0 (0) 7 (36.8) 1 (16.7)
 � Grades 10–12 4 (57.1) 6 (31.6) 3 (50)
 � Tertiary 3 (42.9) 1 (5.3) 2 (33.3)
 � No answer/none 0 (0) 4 (21.0) 0 (0)
Employment status
 � Unemployed 0 (0) 19 (100) 5 (83.3)
Number of children
 � 1 – 5 (26.3) 1 (16.7)
 � 2 – 6 (31.6) 2 (33.3)
 � 3 – 5 (26.3) 1 (16.7)
 � 4 – 2 (10.5) 2 (33.3)
 � 5+ – 1 (5.3) 0 (0)
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Table 1.2  Themes related to breastfeeding and early nutrition in the first 1000 days of life

Theme Participants Challenges for breastfeeding and adequate, safe nutrition

Economic 
opportunities

All groups Lack of grant support and supplements for nutritious 
foods.
Difficult to break cycles of poverty and poor health.
Exacerbated by pandemic

Return to work All groups Returning to work was a prominent reason that mothers 
discontinued exclusive breastfeeding

Breastmilk storage/
Refrigeration

All groups Lack of to store breastmilk, especially when returning to 
work.
Informal housing lacks refrigeration and often electricity 
all together

Mental health issues All groups Mental health and lack of spousal support by male partners
Stress from the pandemic
Lack of economic opportunity

Domestic abuse and 
spouse abandonment

All groups Domestic abuse and spousal abandonment after pregnancy 
were the two most common reasons that male partners 
negatively impacted a mother’s mental health.
Acknowledge the lack of support provided by male 
partners

House crowding Female 
caregivers

House crowding and an absence of privacy

Cultural barriers Female 
caregivers

Several participants mentioned that some women express 
and discard “bad milk” when a woman has bad thoughts or 
has a bad day.
Female caregivers did not view water consumption as an 
important aspect for breastfeeding, because drink ginger 
beer and tea is a cultural practice for breastfeeding for 
milk production

Need for baby 
bottles

Female 
caregivers

Mothers often only have one baby bottle to feed formula 
or breastmilk.
One participant reported they used an empty juice box 
because they did not have a bottle

Education All groups Lack of opportunity to receive education.
Breastfeeding mothers most often get their information for 
their elders, which is often outdated.
Porridge and water are often fed to infants as young as 2 
weeks old

Water, sanitation, 
and hygiene

All groups Infrequent washing and sanitization of the baby bottles 
between uses (e.g., every 2 weeks).
Water sources remain unpredictable, and not always clean.
Lack of soap, where mothers sometimes must borrow soap 
from neighbors.
Cleaning breasts before feeding was not readily practiced.
Most participants reported that water containers are 
covered only half of the time and infrequently washed

Note: “All groups” include key informants, female caregivers, and male caregivers
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that most pronounced impact was job security and food security, especially for chil-
dren as a result of school closures that strained household food supply. The male 
caregivers said that government assistance grants were not enough to support fami-
lies’ needs.

“R350 [for the grant] did not feed the families. They called it a relief grant which was not 
helping at all.” Additionally, one male caregiver said, “[the] Government had rules that 
said no work no pay.”

Male and female caregivers said underscored there were no protections specifically 
for pregnant women during lockdown during the pandemic, which included gaps in 
prenatal care and nutrition support. Female caregivers and all key informants said 
that breastfeeding was more difficult because of the mental stress of the pandemic. 
Conversely, two key informants also identified that, in some instances, breastfeed-
ing improved after the pandemic because it became more difficult to afford formula. 
Lastly, key informants said that there was an increase in terminated pregnancies due 
to the pandemic, further underscoring the importance for family planning in the 
post-pandemic period. Key informants, and female and male caregivers identified 
that returning to work was a major issue for discontinuing breastfeeding, and the 
lack of refrigeration in low-income, informal households impacts the ability to store 
breastmilk and other foods. The lack of refrigeration and reliable sources of elec-
tricity make it important to consider shelf-stable foods.

One key informant said,

There should be support for mothers who are nursing the young infants, things like mater-
nity leave and whatever needs to be done in order to create an enabling environment for to 
continue breastfeeding a child.

There was a strong consensus among female caregivers that mothers would like 
government support to have more than one baby bottle in the household. One par-
ticipant reported that she used an empty juice box to feed her baby formula because 
she did not have any bottles. In addition, they reported that it was difficult to heat 
water for bottle cleaning because of lack of electricity and load shedding power out-
ages. There was a lack of educational opportunities cited by all participant groups. 
Breastfeeding mothers most often get their information for their elders, which is 
often outdated.

For example: Key informant said, “They [grandmothers] are still recommending 
that HIV positive women feed formula only without breastfeeding.”

Female and male caregivers and key informants reported alcohol consumption 
and smoking is prevalent among pregnant women, which may be a symptom of poor 
mental health of mothers that suffer from stress. Stressors identified were male part-
ner abandonment, domestic violence, food insecurity, economic and job insecurity, 
among others. We asked the community (female and male caregivers) to identify 
solutions that they could take to improve the situation in their communities. First, 
female caregivers said that educational interventions are needed to overcome barri-
ers to maternal and child health, not just a booklet of information. Educational 
workshops delivered in community settings (e.g., Community Centers, places of 
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worship) would be beneficial to support breastfeeding mothers. Male caregivers 
acknowledge the lack of support given to mothers by male partners and said that 
male-led workshops could help educate male partners on strategies to support moth-
ers and babies.

Next, there are significant challenges related to water, sanitation, and hygiene 
(WASH) affecting early nutrition and health. Education and interventions should 
focus on sanitary practices for personal hygiene (especially during breastfeeding), 
and sanitizing water storage containers and baby bottles. Key informants and the 
community reported infrequent washing and sanitization of the baby bottles between 
uses (e.g., every 2 weeks) because of load shedding, no heat sources, and having to 
transport water. Caregivers and key informants believe that mixing formula with 
unsafe water is a contributing factor of infant diarrhea. Other water issues related to 
infrastructure were identified. Male caregivers describe unreliable safe water 
sources close to their home.

One male caregiver said, “We do have water but when the taps are off and the 
water returns, the color of the water will change, and the water will not be clean.”

Themes about issues with healthcare system capacity also emerged from all par-
ticipants. Community-based participatory research is needed to mobilize and 
strengthen community partnerships, which could include increased educational 
opportunities about nutrition, breastfeeding, and WASH. Mothers and elder caregiv-
ers reported that it does little good to go to the clinic in the prenatal period.

One female caregiver said, “They [nurses] only touch my belly. They don’t do a 
scan or any tests [for prenatal care]. It does no good to go to the clinic. I don’t learn 
anything.”

Another said, “[We] feel like bad mothers if they can’t continue to breastfeed. 
Healthcare workers say breastfeeding is the only option, but they aren’t supported 
when they have challenges.”

Female caregivers indicated that nurses stress is high that can have negative 
impacts on mothers. One mother reported that a nurse took away her bottle instead 
of educating her about how to overcome breastfeeding challenges. Despite provid-
ing free care, the healthcare system is overwhelmed and lacks to capacity to increase 
health promotion. Another mother said that even getting an appointment is 
challenging.

Mothers may have to walk long distances with their children to the clinic, 
and said,

If we are not waiting in line by 6 am, we may not be seen [by the healthcare professionals.

Key informants reinforced the fact that the healthcare system is overwhelmed. One 
key informant said,

And then from what I've seen at the prenatal care here, there's just an overload of partici-
pants versus kind of staff and facilities. No matter how good the doctors are and she can 
even have good facilities, but if there's just too much of a load, it starts to overwhelm the 
system a little bit.

1 Challenges and Lessons Learned to Strengthen Maternal and Child Health in South…



18

mHealth 
Challenges

Stolen 
phones

Privacy 
concerns

Data 
continuity

Shared 
phones

Family 
structure

Fig. 1.2  Challenges with 
mHealth applications

1.4.1 � Lessons Learned for Digitizing Health Data and Moving 
Toward Big Data Environments

Mobile health (mHealth) applications and cellular phones face significant chal-
lenges as we move toward assembling Big Data infrastructure to study modifiable 
factors and delivering health interventions (Fig. 1.2). First, mHealth applications 
have low feasibility for geo-tracking family units and children. Participants identi-
fied that people often shared phones with others in their family and the community, 
and parents are not always located with the children because of work opportunities. 
Children may stay with grandparents or other family members while parents pursue 
seasonal agricultural employment or other long-term employment opportunities. 
Another issue was stolen phones due to high crime rates. The most cited concern is 
someone can steal their phone and get access to their health [HIV] status. 
Technologies that are not dependent on a single cell phone number or device, such 
as WhatsApp, may be the key to follow patients and deliver health information and 
interventions. Participants reported concerns of privacy issues with accessing health 
records or information on their cellular phone. Data continuity remains an issue for 
many low-income populations.

Clinical data environments remain weak and fragmented, and largely paper-
based. There was an interest in electronic-based records, but significant concerns 
were limited time and training to implement in workflow, in addition to cost con-
cerns. Standardized digitized data collection methods are needed, such as an 
Electronic Health Record (EHR) or electronic data capturing forms (e.g., RedCap).
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1.5 � Conclusion, Implications, and Recommendations

Food systems can be examined at a macro or the level of local places. Place-based 
approaches are important since the multi-level, multi-scale heterogeneities of the 
system mean that the effects of a specific driver may be buffered, amplified, distrib-
uted, or restricted by “local” contexts, and equally, that the outcomes of the system 
may be unequally distributed spatially. Adopting a place-based approach to research 
is also important. This affords opportunities for knowledge co-production with local 
stakeholders, options for embedding post-graduate students in local organizations, 
and the possibility of using “thick” data to model probable trends and dynamics in 
other contexts. Finally place-based research also facilitates the use of inter-
disciplinary studies in which proposed technological solutions can be tested in-situ 
in which political, social, and cultural forces may result in unanticipated outcomes. 
The CoE-FS adopted a place-based approach to our research in 2019. The Covid 
pandemic gave impetus to these as localized responses to food crises arising from 
the mitigation response were shown to be successful in addressing hunger (Losch 
and May 2023). Work in the Breede Valley is most advanced with both qualitative 
and quantitative research in progress (Davis et  al. 2022; Davis et  al. 2023). 
Comparative work is underway in the Eastern Cape of South Africa, as well as in 
Kenya and Algeria.

Through concurrent triangulation of research results, we found that malnutrition 
and employment are key priorities, and both have been exacerbated by the pan-
demic. The government must make significant investment to reduce inequities. 
Nutritious, shelf-stable food will be important in addressing food insecurity in 
informal housing structures to break negative cycles of poverty and health, but 
multi-sectoral efforts and government priorities should include investment for 

Highlights
•	 Much work needs to be done to improve maternal and child health in 

South Africa.
•	 Cross-sectoral partnership formation across the social determinants must 

be pursued, especially at the intersection of economic development, food 
systems, and health care.

•	 Boundaries between clinical, social, and geospatial sciences must be 
bridged.

•	 Governments should consider multi-sectoral systems-approach to be able 
to overcome the challenges related to malnutrition and poverty.

•	 International partnerships can increase synergy and stimulate innovation 
for MCH.

•	 Large-scale Big Data efforts currently have lower feasibility than our 
research team had envisioned, and national efforts are needed to digitize 
high quality data.
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electricity and water infrastructure. Informal housing structures most often lack 
refrigeration to store food and/or even breastmilk, and face many challenges related 
to clean water and infant feeding (both breastfeeding and formula feeding). In addi-
tion, there have been significant price increases of basic foods, especially vegetables 
and fruits, that has been a concern as South Africa is facing an energy crisis with 
ongoing and prolonged electricity blackouts (also known as loadshedding). 
Community-based participatory research is needed to mobilize and strengthen com-
munity partnerships and resources, which could include (1) optimization of the dis-
tribution of local food supply, and (2) increased educational opportunities about 
early nutrition, including breastfeeding and WASH.

South Africa is in dire need of government involvement to effectively address 
their stunting rate, and the dual burden of malnutrition as a result. Brazil’s success 
in narrowing health disparities was bolstered as a result of universal, free, compre-
hensive, and decentralized healthcare provided by the Brazilian Unified National 
Health System (SUS) (Castro et al. 2019). Government interventions such as these, 
which include community involvement and international backing from agencies 
like UNICEF and WHO, are critical in eradicating hunger and decreasing the child 
stunting rate. The government of South Africa must find a way to increase expendi-
tures on public health in order to succeed in diminishing the child stunting rate. The 
government must also find a way to solicit cross-sectoral commitments to address 
this problem. While governments can and do play a very large role in addressing 
food insecurity and malnutrition, they need the support of industry, the private sec-
tor, and non-profits to succeed. By pooling the resources, innovativeness, and exper-
tise of these different groups, meaningful progress can be made.

Finally, the lack of data networks and data bases available in South Africa is 
another factor directly affecting maternal and child health outcomes. After assessing 
the feasibility of implementing digital technologies for health outreach and improved 
health data environments, cell phones have low viability for geo-tracking popula-
tions and delivering Mhealth interventions. Within healthcare organizations, stan-
dardized digitized data collection methods are needed, such as an electronic health 
record platform. Physicians have an interest in implementing electronic-based 
records but have limited resources and time. Because the lack of Big Data infra-
structure within healthcare organizations and low feasibility of using cellular phones 
as a proxy for location, longstanding cohorts, such as Birth to Twenty, provide the 
immediate infrastructure for implementing studying the impacts of modifiable fac-
tors along the life course and implement new interventions.

Equally problematic is the fact that the data that is available regarding maternal 
and child health has been siloed throughout South Africa among the various clinical 
and social science disciplines and have not leveraged geospatial sciences important 
for “place-based” approaches. These data silos contain information that is isolated 
and inaccessible to many or all parts of the cross-sectoral network of agencies 
involved in maternal and child health. Using a place-based model, the CoE-FS has 
established that coordination and partnering across spheres of government is pos-
sible, and that local government has both the responsibility and is capable of 
addressing food and nutrition security. This may require assistance from civil 
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society organizations that have expertise in building partnerships, even when these 
partnerships are “difficult” and the problems requiring solutions are wicked. We 
have shown that universities can assist in this context when they adopt knowledge 
co-production practices and make use of trans-disciplinary teams. And we have 
identified that niche opportunities exist that can build a food system that delivers 
affordable, nutritious, and safe food, as well as sustainable livelihoods.

We have found that policies required for food and nutrition security have been 
developed, but their impact is limited due to implementation and coordination fail-
ure, often at the ‘last-mile’. This refers the logistical, infrastructural, and accessibil-
ity challenges that must be addressed in order to ensure equitable access to public 
services for all citizens, particularly those who are most marginalized. The result is 
what we have termed a food and nutrition security paradox: South Africa produces 
sufficient food for the moment, has an adequate policy framework, generates world-
quality science, but has poor food systems outcomes in almost all dimensions. 
Logistical challenges in South Africa’s food and nutrition security include inade-
quate infrastructure, such as poor road networks and unreliable transportation sys-
tems, which hinder the efficient distribution of food to remote and marginalized 
communities. Additionally, the lack of cold chain facilities contributes to food 
spoilage, affecting the quality and availability of nutritious food, particularly in 
rural areas. To improve maternal and child health, it is essential to enhance logistical 
systems by investing in better transportation infrastructure and expanding cold 
chain networks to ensure safe and timely delivery of perishable goods.

Moreover, leveraging technology, such as mobile apps and digital platforms, can 
streamline supply chain management, track deliveries, and ensure that nutritional 
supplements and health supplies reach the most vulnerable populations. 
Strengthening local governance and involving community-based organizations in 
logistics planning can also foster more responsive and tailored solutions to meet the 
unique needs of different regions. Enhancing logistics and supply chain systems 
will improve healthcare delivery and public health efforts by ensuring consistent 
access to essential health supplies and nutritious food, thereby addressing critical 
gaps in maternal and child health services. Using convergence science allows us to 
identify ways in which food system planning can be improved by integrating diverse 
expertise from fields such as plant science, economics, dietetics, and public admin-
istration. It allows for the development of data-driven strategies that optimize 
resource allocation, reduce waste, and improve equitable access to nutritious and 
safe food.

In conclusion, currently decision-making is severely hampered as a result of the 
lack of integrated data and siloed approaches. Improvements in Big Data are neces-
sary to effectively track and monitor health outcomes, policies, and regulations. 
Collaborations to strive for health equity should include convergence science 
approaches that develop new innovations across food systems, health systems, sup-
ply chains, and the economy. This data is essential for improving not only clinical 
decisions, but the wider view of health stakeholders that can lower the stunting rate, 
as well as reduce maternal and infant mortality. Government commitment will be 
important to funding of multi-sectoral programs, such as nutrition intake, 
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supplementation, electricity, housing, and WASH, that have proven successful in 
reduced stunting (Palutturi et al. 2020). WHO/UNICEF has recommended that gov-
ernments include vulnerable community members in their decision-making to cre-
ate an inclusive culture and better suit the needs of the population, which can be 
achieved through place-based approaches, community-based participatory research, 
and the development of community advisory boards. Hopefully by soliciting multi-
sectoral partnerships to help implement these many promising interventions, South 
Africa can make expeditious progress toward finally decreasing the rate of child-
hood malnutrition and stunting.
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Chapter 2
The Barriers to Innovation Diffusion: 
A Public Healthcare Center Perspective 
in Uganda

Ernest Marfo Asiedu, Marcia Mkansi, and Oluka Pross Nagitta

2.1 � Introduction

In recent years, there has been significant interest in understanding the barriers to 
innovation diffusion in healthcare (Dong et al. 2023; Gouya et al. 2023; Golinelli 
et al. 2020; Lauber and Brooks 2023; Moeenian et al. 2022; Rhodes et al. 2020). 
Innovations are considered essential to meet the increasing demand for specialized 
healthcare services (Tirado et al. 2022). However, integrating innovation into pri-
mary care within healthcare systems remains a persistent challenge. Despite differ-
ences in governmental structures and system arrangements, overcoming barriers in 
the innovation process is a common concern among stakeholders dedicated to 
designing effective healthcare services (Haring et al. 2022).

The importance of innovation lies in its ability to adapt healthcare services to 
meet changing expectations. A proactive, patient-centric healthcare system that 
aligns with evolving societal values is essential (Gouya et al. 2023). This alignment 
ensures that healthcare services are not only efficient but also tailored to each indi-
vidual’s unique needs (Blomgren et al. 2023). As the focus on patient empower-
ment, preventive care, and overall well-being continues to grow, societal expectations 
around healthcare are transforming (Farrar et al. 2020). Integrating innovation into 
healthcare services is essential to fulfill these evolving expectations (Barbazzeni 
et al. 2022).

Despite the recognized importance of innovation in healthcare, there is a notable 
gap in the literature regarding the specific barriers to innovation diffusion in 
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developing countries, particularly in Uganda. Previous studies have primarily 
focused on developed nations (e.g., Blomgren et  al. 2023; Moulaei et  al. 2023; 
Norberg et al. 2023; Wang 2023), leaving a critical gap in understanding the unique 
challenges faced by developing countries (Nannyonga and Singull 2020; Wafula 
et  al. 2023). This gap highlights the need for targeted research to identify and 
address the barriers that hinder innovation in Uganda’s public healthcare system.

While innovation in Uganda’s public healthcare centers holds great promise, 
there has been little attention paid to the barriers that can hinder the spread of these 
innovative ideas within its public healthcare system. Therefore, this study aims to 
explore the barriers preventing innovation from freely spreading in Uganda’s public 
healthcare system. Understanding these barriers is crucial for developing methods 
that facilitate successful implementation.

This study is significant because it addresses a critical gap in the existing litera-
ture and provides valuable insights into the specific barriers to innovation diffusion 
in Uganda’s public healthcare system. By identifying these barriers, the study con-
tributes to the development of strategies that can enhance the adoption and imple-
mentation of innovative healthcare solutions. This, in turn, can lead to improved 
healthcare outcomes, increased efficiency, and better patient care in Uganda.

The remainder of this study is divided into five sections. The literature review is 
followed by the methodology, presentation of findings, discussion, and ultimately, 
conclusions and recommendations.

2.2 � Literature Review

2.2.1 � Barriers to Innovation Diffusion

This section sheds light on the pressing issues that require innovative solutions and 
explores the reasons behind both the desire for and barriers to innovation within 
public healthcare facilities. The regulatory environment and policy framework sig-
nificantly influence how innovation spreads (Horgan et al. 2019). Supportive poli-
cies that incentivize innovation can accelerate adoption, while unclear or burdensome 
laws may create obstacles (Rhodes et al. 2020). The challenge arises when policy 
contexts lag behind the rapid pace of technological progress, hindering the potential 
benefits of innovations (Hu et al. 2020). Given the growing population and evolving 
healthcare needs, innovation is essential (Shrestha et al. 2022). Traditional health-
care methods are strained by the increasing burden of communicable and non-
communicable diseases, as well as population aging (Jimenez Carrillo et al. 2020). 
Innovations are necessary to meet the demand for specialized healthcare services 
(Tirado et al. 2022).

Uganda, like other countries, faces the unpredictability of disease epidemics 
(Abila et al. 2020). Rapid responses to emerging infectious illnesses underscore the 
need for innovation (Moin et  al. 2022). From swift diagnoses to effective data 
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surveillance systems, innovation serves as a crucial first line of defense during 
health emergencies (Moeenian et  al. 2022). Financial constraints directly impact 
healthcare funding in Uganda, a common challenge in underdeveloped nations 
(Kyamanywa and Redding 2021). To optimize resource utilization, reduce costs, 
and ensure robust healthcare services despite budget limitations, innovation remains 
essential (Pioch et al. 2023).

The pursuit of healthcare equity benefits significantly from innovation. 
However, access to healthcare services often remains limited for marginalized and 
rural populations. Innovators must create solutions that go beyond geographical 
barriers, ensuring healthcare reaches even the remotest corners of the country, 
leaving no community behind (Blattner et al. 2023). Uganda’s healthcare system 
must align with international standards, as the global healthcare landscape evolves 
in tandem with technological advancements (Stoumpos et al. 2023). Integrating 
digital health technologies, telemedicine, and data analytics is crucial for Uganda 
to maintain its position at the forefront of efficient and contemporary healthcare 
(Kok et al. 2023). The shift from a disease-centered to a patient-centered para-
digm of treatment relies heavily on innovation. Innovations have the potential to 
revolutionize various aspects of healthcare, including personalized medicine, 
improved patient engagement, and customized treatment plans (Al Muammar 
et al. 2018). This transformation reflects evolving societal expectations, empha-
sizing preventive care, patient empowerment, and holistic well-being (Hickmann 
et al. 2022).

The primary barrier lies in the lack of funding available to public health facili-
ties. Budgetary constraints often hinder the adoption of novel strategies and the 
acquisition of state-of-the-art equipment (Safarani et al. 2018). The high initial 
costs associated with implementing new technologies, such as telemedicine infra-
structure or electronic health records, can further strain already limited resources, 
impeding the widespread adoption of creative solutions (Ajami and Bagheri-
Tadi 2013).

Another significant barrier is the reluctance of healthcare personnel to adapt to 
new technologies and procedures. Established practices and routines are deeply 
ingrained, making it challenging for healthcare workers to accept and adjust to inno-
vations (Dyb et al. 2021). Concerns about increased workload, unfamiliarity with 
technology, and potential disruptions to existing processes contribute to this resis-
tance (Waldman et al. 2022). Successful innovation often requires improving digital 
literacy among medical professionals (Campanozzi et al. 2023).

However, a lack of thorough training and experience with digital technologies 
might make it difficult for innovations to be successfully adopted (Olaye and Seixas 
2023). Bridging the digital literacy gap is essential to enable healthcare profession-
als to effectively incorporate new technology into their daily work (Boo and Oh 
2023). Connectivity issues and inadequate infrastructure pose significant chal-
lenges, especially in underprivileged or remote areas. Reliable internet access is 
crucial for telemedicine, digital health apps, and other technological advancements 
(Golinelli et al. 2020), but implementation can be hindered by infrastructure limita-
tions (Ihekoronye and Osemene 2022).
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Legislative frameworks and regulatory environments significantly impact the 
spread of innovations. Unclear or burdensome rules may impede the adoption of 
certain technologies or practices (Lauber and Brooks 2023). To facilitate smoother 
innovation adoption, policies must keep pace with technical developments (Addotey-
Delove et al. 2023). Additionally, privacy and data security concerns related to sen-
sitive health data can create barriers (Dong et  al. 2023). Robust data protection 
procedures and transparent communication are essential to address public appre-
hensions about the security of personal health information, which can lead to oppo-
sition from both medical professionals and patients (Wang 2023). Ensuring the 
sustainability and continuous maintenance of creative solutions remains a persistent 
challenge (Yibin et al. 2023).

To ensure the long-term effectiveness of implemented innovations, public health-
care facilities must address the need for continuous staff training, technical support, 
and system upgrades (Ngugi et al. 2021). Over time, even initially effective inven-
tions may become obsolete if sustainable models for technology upgrades and 
maintenance are lacking (Althabhawi and Zainol 2022). In summary, Uganda’s 
public healthcare centers face several obstacles in their efforts to disseminate inno-
vation, ranging from budgetary constraints to cultural norms. To effectively adopt 
and integrate innovative practices and technologies, a comprehensive strategy is 
essential.

2.2.2 � Healthcare Supply Chain Systems

A healthcare supply chain (SC) comprises various entities involved in managing 
procurement, manufacturing, and delivery processes. It starts from resource extrac-
tion and extends to delivering goods or services, all with the goal of adding value for 
end users (Beldek et al. 2020). Information sharing among different actors forms the 
foundation of the supply chain, enhancing the management of physical flows (Imam 
and Amrik 2013). Thus, the SC inherently includes its digitization components 
(Alenazi et al. 2020).

From a supply chain perspective, hospitals aggregate diverse products (such as 
pharmaceuticals, household cleaners, and linens) to support daily operations. 
These goods come from various vendors (distributors and manufacturers), col-
lectively forming the external supply chain (Mattingly and Hogue 2020). 
Healthcare supply chain management strategically oversees both internal and 
external flows, including patients, materials, pharmaceuticals, medical supplies, 
laundry items, catering, and waste, aiming to create sustainable value for stake-
holders (Shashi 2023).

Implementing blockchain can enhance supply chain traceability and transpar-
ency, reducing the risk of counterfeit drugs infiltrating the system and ensuring 
pharmaceutical authenticity (Moosavi et  al. 2021). Real-time tracking using 
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Radio-Frequency Identification (RFID) technology on drug packets—from produc-
ers to distribution centers—improves accountability and minimizes theft or diver-
sion (Pârvulescu et  al. 2023). Additionally, data analytics, considering historical 
data, weather patterns, and disease prevalence, enables more accurate demand fore-
casting, reducing the likelihood of stockouts or excess inventory (Phoobane et al. 
2022). GIS mapping techniques help identify high-risk malaria zones, allowing 
focused distribution efforts in areas with the greatest need (Yunos et al. 2022).

Mobile health applications allow real-time updates on medicine supply levels at 
various distribution sites. Proactive decision-making based on this information 
reduces the likelihood of stockouts (Lugada et al. 2022). Patient-focused apps can 
assist with treatment plan adherence. Reminders, instructional materials, and feed-
back systems enhance patient participation and improve therapeutic outcomes. 
Additionally, mobile apps facilitate virtual consultations between remote healthcare 
practitioners and patients, especially in areas with limited access to medical ser-
vices (Pérez-Jover et al. 2019). This is particularly helpful in areas where access to 
medical services is restricted (Aufa et al. 2023 Patients can also order and receive 
pharmaceuticals, including ACTs, through online platforms, reducing the need for 
in-person pharmacy visits (Moulaei et al. 2023).

Mobile applications enhance the accuracy and efficiency of the prescription pro-
cess. They minimize errors, ensure appropriate medicine selection, and promote 
better patient care (Sagoo et al. 2023). Electronic health records (EHRs) help medi-
cal professionals verify that recommended ACTs are suitable for each patient’s spe-
cific health profile (Neal 2011). Digital platforms empower communities by 
disseminating accessible information on malaria prevention, symptoms, and proper 
ACT usage (Sambah et  al. 2023). SMS campaigns educate patients about high-
quality ACT availability, correct usage, and the importance of completing the rec-
ommended course (Ross et al. 2023). Online forums and social media play a role in 
engaging the community, raising awareness, and addressing distribution issues 
related to ACTs (Brell 2019).

Mobile applications that incorporate features for data collection and user feed-
back assess various aspects, including strength, promptness, and data sources 
(Alzahrani et al. 2022). These evaluations impact supply chain activities at micro, 
market, and macro levels, ultimately enhancing healthcare (Kochan et  al. 2018). 
Ventola (2014) emphasizes that mobile apps can gather information on their opera-
tions and interactions with stakeholders, including patients, healthcare profession-
als, suppliers, and government organizations. This data may include completed 
orders, delivery times, inventory levels, and patient feedback. Grundy (2022) high-
lights that the software can track accessibility and inclusiveness measures, such as 
the proportion of orders delivered to underserved or distant locations. It can also 
evaluate the app’s availability in different languages and assess its accessibility for 
people with impairments. Bassoumah et al. (2021) note that the app enables moni-
toring the number of community-based health projects funded and the participation 
of local organizations in the supply chain. This assessment gauges its impact on 
community engagement and participation.
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2.3 � Methodology

This section outlines the methodology used for the empirical research conducted in 
this study, as depicted in Fig. 2.1.

Based on Fig. 2.1, the study utilized a multiple case-study approach, allowing 
researchers to investigate variations and commonalities among individual cases. As 
a result, this approach facilitates data generalization by considering the outcomes 
observed in each case, as well as identifying patterns and relationships across cases 
(Creswell and Poth 2018; Yin 2018). In light of this, the study selected this research 
design to achieve a comprehensive understanding and offer novel insights into the 
barriers to innovation diffusion from a public healthcare perspective, using data 
from Uganda.

2.3.1 � Sampling and Data Collection Procedure

The study used three general hospitals for the case study. Each general hospital 
constitutes a case, and all three constitute of multiple cases within the bounded 
system, as explained by Creswell and Poth (2018). The study selected the hospitals 
from two different regions, namely Northern, and Eastern, out of the four regions in 

Fig. 2.1  Qualitative research methodological model. Source: Adopted from Asiedu (2024)
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Table 2.1  Demographic profile

Hospital codes
DTMC members 
codes Gender Position

Years of 
experience

#K K1 Male District medicine 
management 
supervisor

10 years

K2 Male Pharmacist 12 years
K3 Male IT officer 8 years
K4 Male Hospital 

dispenser
9 years

K5 Female Assistant 
inventory 
management

6 years

K6 Female Hospital 
procurement 
officer

7 years

#M M1 Female Hospital 
superintendent

10 years

M2 Male Store officer 1 13 years
M3 Female Store officer 2 9 years
M4 Female Technician 10 years
M5 Female Pharmacist 7 years

#N N1 Male Pharmacist 12 years
N2 Male Store officer 1 10 years
N3 Female Store officer 2 7 years
N4 Female Hospital 

superintendent
6 years

Uganda. The rationale for choosing these hospitals lies in their government owner-
ship, established systems for managing drug supply and distribution, and supervi-
sion by the Ministry of Health. The study employed purposive sampling to 
deliberately select fifteen (15) members of the Drug Therapeutic Management 
Committee (DTMC), as shown in Table  2.1, based on their experience and 
availability.

Within each case, the study chose these DTMC members from the departments 
of IT, Stores, Pharmacy, and Administration, all of whom are responsible for utiliz-
ing the hospital systems to manage drug supply and distribution. Furthermore, these 
committee members received extensive endorsements from their respective hospi-
tals, primarily due to their substantial expertise in the subject area. Their roles 
encompass a minimum of 6–13 years of experience which is suitable to fulfil the 
research objective, as indicated in Table 2.1. The study used the focus group discus-
sion method (FGD) to collect data from DTMC members. Participants were 
informed that all responses would be kept confidential to the extent possible, as they 
gave their consent for the session to be tape recorded.
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2.3.2 � Data Analysis

The study employed thematic analysis as the method to analyze the FGD dataset. 
Furthermore, the study adhered to the qualitative analysis steps outlined by Creswell 
(2014) and employed a “winnow” strategy to eliminate less relevant data (Guest 
et al. 2012). Subsequently, the study utilized Atlas.ti to extract quotations from par-
ticipants’ narratives, assign codes, create categories, and develop themes in align-
ment with the research objectives. To maintain both ethical standards and ensure 
that their identities remain confidential, the study assigned pseudonyms (codes #K, 
#M, #N, and K1-K6, M1-M5, N1-N4) to hospitals and DTMC members as shown 
in Table  2.1. Furthermore, the study mapped sub-codes (categories) and themes 
across cases using Asiedu’s (2020) Model-Cage concept, highlighting both differ-
ences and similarities.

2.4 � Presentation of Findings

This section presents the barriers to innovation diffusion from a public healthcare 
perspective, using data from Uganda.

2.4.1 � Case Analysis

In this section, we present the analysis findings from each case dataset. For each 
case, we summarize the mapping results across participants in Tables 2.2, 2.3, 2.4 
and discuss them as follows:

CASE 1  Table 2.2 presents the four themes that emerged subsequent to categoriz-
ing the codes created from the participants’ narratives in Case One. These themes 
are explained as follows:

The first theme that emerged was the lack of political will regarding technology 
adoption feasibility and the acquisition of state-of-the-art systems (see Table 2.2). 
This theme is characterized by the fact that the Health Authority holds the sole pre-
rogative to procure health systems without a comprehensive understanding of the 
existing challenges, as alluded to by K1:

The Ministry of Health designed the RAAS solution to facilitate the supply chain. It has all 
the components for ordering and provides financial reports, consumption data, and report-
ing rates. However, it still has some gaps. [District Medicine Management Supervisor]

The most concerning aspect is that these health systems are both inefficient and 
inadequate, as they are designed for specific purposes. Consequently, this situation 
has led to frustration among health staff, who find that these systems do not serve 
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Table 2.2  The barriers to innovation diffusion from the perspective of public healthcare centers in 
Uganda from Case 1

Thematic Analysis’ findings on the barriers to innovation diffusion 
from the perspective of healthcare centers in Uganda CASE 1
Aggregated themes Themes Category (sub-codes) Codes

The barriers to 
innovation diffusion 
from the perspective 
of public healthcare 
centers in Uganda

Lack of political will 
to do technology 
adoption feasibility 
and purchase 
state-of-the-art 
systems

Acquisition of health 
systems without full 
knowledge of the 
prevailing challenges

Systems acquisition is 
the sole prerogative of 
the health authority

Health authority 
acquisition of systems 
without full knowledge 
of the prevailing 
challenges

Health staff awaiting 
opportunity to share 
their frustrations with 
the authority

Lack of health authority 
awareness of existing 
manual process

Acquisition of 
incomprehensive 
health systems

Provision of inefficient 
system

Acquisition of new 
system for specific 
function

Lack of comprehensive 
system

Difficulties in 
embracing new 
technologies and 
disruptions

Reluctance of 
healthcare personnel’s 
adaptation to change

Tedious approval 
process

Inefficient 
administrative process

Cumbersome systems 
usages

Cumbersome stock 
ordering process

Solely use of HODs for 
approval

Poor connection and 
inadequate 
infrastructure

Power outage

Technology disruptions

Frequent system 
downtimes

Unreliable backup 
system

(continued)
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their intended purposes. They eagerly await an opportunity to express their concerns 
to the health authority, as strongly uttered by K1:

When it comes to the aspect of receiving, we are still using the paper-based method. 
Although the system has implemented the aspect of receiving, it has not yet completed the 
build. However, even before the advent of technology, we had a manual system in place at 
the hospital. I hope that the minister will visit us here to gain an understanding of how we 
manage the facility from administration up to this point. [District Medicine Management 
Supervisor]

The second theme involved difficulties in embracing new technologies and deal-
ing with disruptions as shown in Table 2.2. The reluctance of healthcare personnel 
to adapt to change stems from the cumbersome nature of using health systems, 

Thematic Analysis’ findings on the barriers to innovation diffusion 
from the perspective of healthcare centers in Uganda CASE 1
Aggregated themes Themes Category (sub-codes) Codes

Lack of systems’ 
integration

Lack of 
communication 
between the existing 
systems

Existing systems are not 
integrated across 
different units within the 
same hospital

Existing systems are not 
integrated across 
different hospitals

Inability to access data 
from other hospitals

Inability to use 
systems as 
communication 
channels

Orders are sent via 
emails

SMS is used to 
communicate report on 
stock

Lack of systems’ 
inventory 
management 
automation

Manual tracking and 
reporting processes

Excel is used to report 
stock

Delivery analysis is 
done with excel

Analyze budget 
utilization

Monitor budget inflation 
rates

Manual stock delivery 
and receipt process

Stock delivery is tracked 
manually using excel

Manual receipt of 
supplies

Manual record-
keeping process

Excel is used to keep 
records

Printing orders

Use hardcopies

Table 2.2 (continued)
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Table 2.3  The barriers to innovation diffusion from the perspective of public healthcare centers in 
Uganda from Case 2

Thematic analysis’ findings on the barriers to innovation diffusion 
from the perspective of healthcare centers in Uganda CASE 2
Aggregated 
themes Themes Category (sub-codes) Codes

The barriers to 
innovation 
diffusion from 
the perspective of 
public healthcare 
centers in 
Uganda

Lack of political will 
to do technology 
adoption feasibility 
and purchase 
state-of-the-art 
systems

Acquisition and 
monitoring of health 
systems is sole 
prerogative of health 
authority

Systems acquisition is the 
sole prerogative of health 
authority

Systems remain the 
responsibility of 
government

Cost of systems is only 
known to health authority

Health authority has the 
sole prerogative of system 
monitoring

Systems acquisition is 
based on public funding

Acquisition of 
incomprehensive 
health systems

Existence of two systems 
with different purposes

A system for stock ordering

A system for capturing data

Technologies 
accessibility and 
performance 
inefficiencies

Poor connection and 
inadequate 
infrastructure

Internet connectivity issues

Power outages

System instability

Technology limitations

Onsite system 
performance 
inefficiencies

Operational stress

Tedious approval process

Inefficient procedures and 
processes for stock ordering

Stock request approval 
resides to only HoD

Operations verification 
issues

Offsite system’s 
accessibility inability

Onsite system accessible 
only

Inability to access system 
outside work environment 
via mobile device

Inconvenience and 
frustration

Creation of staff 
inconvenience

(continued)
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Thematic analysis’ findings on the barriers to innovation diffusion 
from the perspective of healthcare centers in Uganda CASE 2
Aggregated 
themes Themes Category (sub-codes) Codes

Lack of systems 
integration

Inability to use 
systems as the 
communication 
channels

Communication across 
different hospitals is done 
via WhatsApp

Stock supplies 
communication is done via 
WhatsApp

Health authority 
communicates with 
suppliers via WhatsApp

Systems communication 
challenges

Lack of 
communication 
between the existing 
systems

Lack of integration between 
the existing two systems

Lack of system integration 
across different hospitals

Inability to obtain drug 
information across different 
hospitals

Lack of ordering system 
links to financial budget 
utilization

Difficulties in 
embracing new 
technologies

Reluctance of 
healthcare personnel’s 
adaptation to change

Hesitation in embracing 
digitalization

Systems users are slow 
learners

Lack of thorough 
training and 
experience with digital 
technologies

Lack of computer skills 
among staff

Inadequate training

Lack of expertise

Technologies 
disruptions negatively 
impact quality health 
delivery

Tedious manual 
entries of patients 
records

Staff overwhelm with 
manual workloads

Manual entries of patients 
records are done in books 
amidst system connectivity 
challenges

Manual entries of patients 
records are done in books 
amidst power outage

Elongated patients 
waiting time and loss 
of their records

Discrepancies in patients 
records

Patients waiting time is 
elongated

Loss of patients records

Data loss

Table 2.3 (continued)
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Table 2.4  The barriers to innovation diffusion from the perspective of public healthcare centers in 
Uganda from Case 3

Thematic analysis’ findings on the barriers to innovation diffusion 
from the perspective of healthcare centers in Uganda CASE 3
Aggregated Themes Themes Category (sub-codes) Codes

The barriers to 
innovation diffusion 
from the perspective 
of public healthcare 
centers in Uganda

Technologies 
accessibility and 
performance 
inefficiencies

Onsite system 
performance 
inefficiencies

Lack of technological 
adoption

Technology limitations

Experience delays

Inefficient administrative 
process

Inconvenience

Offsite system’s 
accessibility inability

Limited systems access 
on visibility

Inability to access system 
outside work environment 
via mobile device

Only onsite system 
accessible

Lack of systems 
integration

Inability to use 
systems as the 
communication 
channels

Interdepartmental 
communication is 
manual

Patients interactions are 
manual

Lack of 
communication 
between the existing 
systems

Existence of two 
unintegrated systems

Lack of awareness of 
systems integration

Inability to obtain drug 
information across 
different hospitals

Lack of system 
integration across 
different hospitals

Lack of systems’ 
inventory management 
automation

Manual tracking and 
reporting process

System inability to 
dispatch stock to patients

Inability to track stock 
shelf life with the existing 
systems

Inability to track stock 
expiration with the 
availability systems

Manual record-
keeping process

Manual recording of 
supplies

Scan hardcopy of orders 
and input it into the 
systems

Use of paperwork

Use of dispersing 
logbooks
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which are characterized by inefficient administrative processes. The technology dis-
ruption is attributed to poor connections and inadequate infrastructure, resulting 
from power outages, frequent system downtimes, and an unreliable backup system. 
This is explained by K2 and K3. For instance, K3 passionately indicated that:

With RAAS, at some point, like when the system goes down, the machine is always dis-
turbed, depending on the power issue. From here, we used to have a backup even when the 
power was not available, so we could still serve, but it is no longer the case. [IT Officer]

The third theme pertains to the lack of systems integration. Currently, the exist-
ing systems are not seamlessly integrated across different units within the same 
hospital or even across different hospitals. Consequently, health staff at one hospital 
cannot access drug availability data from other hospitals. Regrettably, the systems 
designed for managing drug supply and distribution cannot serve as internal com-
munication channels; instead, they rely on SMS for stock reporting (see Table 2.3). 
This is largely elaborated by K1:

Currently, the systems are not interconnected. I will say that as a country, we have numer-
ous systems in place, but they’re not linked, so effective communication together is one 
challenge. You receive the order from the CSSP, then you come back into RAAS, and then 
you begin transcribing. …We have structured it in such a way that every month we compile 
stock status. We have an Excel sheet that we developed with my colleagues here, and when-
ever the month ends, we send SMS notifications to the facilities so that the delivery can be 
tracked at the district and hospital levels [District Medicine Management Supervisor].

The final theme focuses on the lack of automated inventory management sys-
tems. Currently, tracking and reporting of drug supply and distribution are manually 
performed using Excel. Additionally, stock delivery and receipt of supplies also rely 
on manual Excel processes. Lastly, stock record-keeping is manually conducted, 
including the printing of orders and hardcopies (see Table  2.3). This is again 
explained in the K1 narrative:

We always print the orders and provide them with hard copies. The order roll is the one that 
is in PDF form, serving as the soft copy. Now, when the orders are delivered, we conduct a 
delivery analysis. We examine our budget inflation rates and also assess our order rates. 
Additionally, we review an Excel sheet that I created to guide us on how we utilize our 
budget. [District Medicine Management Supervisor]

CASE 2  Table 2.3 outlines the five themes that emerged during the categorization 
of codes derived from participants’ narratives in Case 2. These themes are eluci-
dated as follows:

The first theme identified in this case pertains to the lack of political will regard-
ing the feasibility of technology adoption and the acquisition of state-of-the-art sys-
tems, as previously observed in Case 1. The procurement of health systems relies on 
public funding and falls under the responsibility of the government. Monitoring 
these systems remains the sole prerogative of the Health Authority. However, the 
existing systems are incomprehensive, serving different purposes: one for stock 
ordering and another for capturing data (see Table 2.3), as explained by M2 and M3 
respectively:
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The heads of different departments have access to order medications. The system is sup-
plied by the Ministry of Health. The cost associated with the system and maintenance is 
absorbed by the Ministry of Health. [Store Officer 1]

We have two systems now. The first one is used to monitor distributions and capture data 
within the facility, and it is managed by the Ministry of Health. The second one is the one 
we have been talking about, which is used for ordering, and it is managed by the National 
Medical Store. [Store Officer 2]

From Table 2.3, the second theme that emerged from this case relates to technologi-
cal accessibility and performance inefficiencies. The persistent experience of inter-
net connectivity issues, power outages, and system instability contributes to the 
challenges of poor connection and inadequate infrastructure in the context of Case 
2, as alluded to by M2:

The issue of internet connectivity is also a challenge, as it goes off and on. Sometimes, 
patients have to wait for the internet to come back so that their information can be entered. 
Initially, there were some issues because the person entering the data was slow, the internet 
was slow, and sometimes the power was also a challenge. When the power is not on, some-
one needs to go back and enter the data in the books. Unfortunately, we lost a lot of data 
from the computers because if somebody saw how many patients there were today and it 
wasn’t entered in the system, we had to go back tomorrow and enter the work because 
tomorrow’s work is slow. [Store officer 1]

Additionally, there are on-site system performance inefficiencies, including ineffi-
cient procedures and processes for stock ordering, as well as issues with operations 
verification. Furthermore, the inability to access the existing system outside the 
work environment via mobile devices creates inconvenience and frustration, adding 
operational stress for health personnel (see Table 2.3), as coincidentally asserted by 
both M3 and M4:

When you are at home and something happens, the only way to access the information is 
when you are physically in the hospital. There is no way to access the system from a mobile 
device. [Store officer 1, Technician]

Additionally, there are on-site system performance inefficiencies, including inef-
ficient procedures and processes for stock ordering, as well as issues with opera-
tions verification. Furthermore, the inability to access the existing system outside 
the work environment via mobile devices creates inconvenience and frustration, 
adding operational stress for health personnel (see Table  2.3), as coincidentally 
asserted by both M3 and M4:

When you are at home and something happens, the only way to access the information is 
when you are physically in the hospital. There is no way to access the system from a mobile 
device. [Store officer 1, Technician]

The third theme pertains to the lack of systems integration, as previously observed 
in Case 1. Currently, the existing two systems are not integrated, and there is also an 
inability to obtain drug information across different hospitals. Consequently, com-
munication across different hospitals and between the Health Authority and suppli-
ers is facilitated via WhatsApp (see Table 2.3). These assertions are mainly made by 
M3, M2, and M4 respectively:
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We have two systems now. The first one is used to monitor distributions and capture data 
within the facility, and it is managed by the Ministry of Health. The second one is the one 
we have been talking about, which is used for ordering, and it is managed by the National 
Medical Store. [Store Officer 2]

We have formed WhatsApp groups called “admin” that are managed by the drug inspec-
tor. These groups have all the names of the workers in the district. For example, if we want 
a particular drug, we tell them that we need it. Whoever has it in the centres will say, “For 
me, have you come?” Then, we make orders and come and look at the supplies. We are also 
able to redistribute supplies. For example, at the hospital, we have a lot of patients. When 
our supplies are done, we are able to go out and look for other supplies from nearby centres. 
Even in the wards, I have seen that the pediatrician has formed groups. [Store Officer 1]

The drug inspectors communicate with different groups only through WhatsApp. 
[Technician]

The fourth theme focuses on the challenges of embracing new technologies. 
Healthcare personnel exhibit reluctance in adapting to and fully embracing digitali-
zation, as presented in Table  2.3. This is evident in their slow uptake of system 
usage. The underlying cause is a lack of computer skills, stemming from inadequate 
training and limited experience with digital technologies within these hospitals, as 
clearly explained by M2 and M4 respectively:

Some people have issues with computer skills, so they are slow to learn. When the internet 
is on and off, we lose information. Also, most of the IT staff don’t know how to deal with 
these issues. [Store Officer 1]

There are a lot of discrepancies, particularly when it comes to drugs, therapeutics, and 
mixed prescriptions. As far as my involvement is concerned at the departmental level, that 
is OPD, it has been almost three years since MOH trained us in certain criteria with the 
management of medicine and therapeutics, particularly when it comes to direct prescrip-
tions because we are in high demand. [Technician]

From Table 2.3, the final theme focuses on the negative impact of technological 
disruptions on the quality of health delivery. Currently, patient records are manually 
entered into books in the midst of system connectivity challenges. These laborious 
manual entries overwhelm healthcare employees, leading to extended patient wait-
ing times, discrepancies in records, and data loss. This is predominantly asserted in 
the M2 narratives:

When there is an electricity issue or the internet goes off, the system saves the logs. 
However, the rest of the patients will have to be entered manually in the files. When the 
system comes back, you have to recapture the data into the system. …What we need is a 
stable internet connection. When the internet is unreliable, we lose information. Also, most 
of the IT staff don’t know how to address these issues. [Store Officer 1]

CASE 3  Table 2.4 delineates the three themes that emerged during the categoriza-
tion of codes derived from participants’ narratives in Case 3. These themes are 
elaborated thereof.

The first theme is technological accessibility and performance inefficiencies, as 
previously observed in Case 2. There are on-site system performance inefficiencies 
involving ineffective administrative processes, causing experienced delays. 
Similarly, health personnel’s inability to access the system outside the work 
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environment via mobile devices causes inconvenience among them, as highlighted 
by N1, N2, and N3 (see Table 2.4). For instance, N3 stated that:

My system is the one where you have to walk in and see what is happening in the depart-
ment. You go to the store to know what is happening there, and that is it. [Store Officer 2]

The lack of system integration is the second theme that emerged from this case, as 
previously observed in preceding cases. Currently, the existing two systems are not 
integrated across different units within the same hospital and across different hospi-
tals. This makes it a challenge to obtain drug information across different hospitals, 
as indicated by N2 and N3 (see Table 2.4). But this is strongly underscored by N2:

We lack a system that allows us to see when other hospitals have stock or when our store is 
running out of that stock. However, there is a system called RAAS that we use to send 
monthly updates. Not everyone can view it, but it can show you which region has more of 
a specific ARV. You can then talk to the responsible person to lobby for you so that you can 
get it to another district. [Store Officer 1]

The final theme that emerged from this case is the lack of automation in inven-
tory management systems. Currently, the available systems are unable to track stock 
shelf life and stock expiration. Moreover, stock record-keeping is done manually by 
scanning hardcopies of orders and inputting them into the systems, using paperwork 
such as dispensing logbooks (see Table 2.4). This is predominantly explained by N1:

The challenges that we experience are paperwork and delays. This is because when you 
transport it, someone has to approve those plans and then issue them. If there were software, 
I could just sit down and click it. The transactions we conduct with patients are manual. 
When a patient arrives, we record their details and send them to the lab from the prescriber’s 
office. The lab then sends the details back to the prescriber, who then sends them to the 
pharmacy. At the pharmacy, we enter the prescriptions in the dispensing logbooks. 
[Pharmacist]

2.4.2 � Cross Case Analysis

This section presents the findings from the FGD dataset across the cases. The study 
adapted the Model-Cage concept by Asiedu (2020) to illustrate differences and 
similarities of the themes across all the cases, as well as the sub-codes (categories) 
within the themes across all the cases. These findings are discussed below.

From Figs. 2.2 and 2.3, the findings suggest that emerging themes and their cor-
responding categorized sub-codes predominantly occurred between two or among 
the three cases. As evidently illustrated in Figs. 2.2 and 2.3, there was a lack of 
system integration across all three cases. Additionally, the lack of political will to 
adopt feasible technology and invest in state-of-the-art systems, along with difficul-
ties in embracing new technologies and disruptions, emerged in Case 1 and Case 2. 
Similarly, systems’ inventory management automation was lacking in Case 1 and 
Case 3. Also, there were technology accessibility and performance inefficiencies in 
Case 2 and Case 3.
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Fig. 2.2  Model-Cage for emerging themes across all cases. Source: Authors’ own construct 
(2024), adapted from Asiedu’s (2020) Model-Cage

2.5 � Discussions

This section discusses the findings of the barriers to innovation diffusion from a 
public healthcare perspective, using data from Uganda.

To begin, the study revealed the existence of Healthcare Supply Chain Systems 
that are used to manage drug supply and distribution in Uganda’s public healthcare 
centers. However, these systems are not digitally enabled. This finding confirms the 
assertion that innovations are indispensable in healthcare services (Shrestha et al. 
2022; Tirado et al. 2022).

The findings also confirm an assertion by Rhodes et al. (2020) that the potential 
benefits of innovations are hindered by some obstacles. These obstacles that are 
hindering innovation diffusion within Uganda’s public healthcare facilities, as 
broadly presented above, have culminated in the proposal of a Framework, as shown 
in Fig. 2.4 and are briefly presented below.

•	 Lack of political will regarding the feasibility of technology adoption and the 
acquisition of state-of-the-art systems arises because the government and its 
health authority acquire Healthcare Supply Chain Systems: one for stock order-
ing and another for capturing data. Unfortunately, these systems are not digitally 
enabled and the acquisition was also done without full knowledge of the prevail-
ing challenges at the health facilities.

E. M. Asiedu et al.
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Fig. 2.4  The barriers to innovation diffusion: A framework from the healthcare center perspective. 
Source: Authors’ own idea from the field data (2024)

•	 Difficulties in embracing new technologies arise from healthcare personnel 
showing hesitation in adopting digitalization, as they have been slow learners. 
The underlying cause is a lack of computer skills, stemming from inadequate 
training and limited experience with digital technologies within these hospitals. 
These findings confirm assertions by Dyb et al. (2021); Waldman et al. (2022); 
and Campanozzi et al. (2023).

•	 Lack of system integration arises from the fact that existing systems are not 
integrated across different units within the same hospital and across different 
hospitals. This situation poses a challenge in obtaining drug information across 
various healthcare facilities. This finding contradicts the assertion by Yang 
et al. (2023).

•	 Lack of systems’ inventory management automation arises as the available sys-
tems are unable to track stock shelf life and stock expiration. Additionally, stock 
record-keeping is manually performed by scanning hardcopies of orders and 
inputting them into the systems, often relying on paperwork such as dispensing 
logbooks. Furthermore, tracking and reporting of drug supply and distribution 
are also manually executed using Excel.

•	 Technological accessibility and performance inefficiencies arise due to health 
personnel’s inability to access systems outside the work environment via mobile 
devices, which causes inconvenience among them.

•	 Technological disruptions arise due to persistent experiences of internet connec-
tivity issues, power outages, and frequent system downtimes. These challenges 
result in patient records being manually entered into books due to the absence of 
a reliable backup system. The poor connections and inadequate infrastructure 
overwhelm healthcare personnel, leading to extended patient waiting times, dis-
crepancies in records, and data loss. This finding validates assertions by 
Ihekoronye and Osemene (2022) and Golinelli et al. (2020).
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2.6 � Conclusion and Recommendations

The study adopted a multiple case-study approach to investigate the barriers to inno-
vation diffusion from a public healthcare perspective, using data from Uganda. 
Following the findings, the study therefore proposes the “A.R.E. Concept” as shown 
in Fig. 2.5, which is highly recommended for governments, health ministries, and 
policy makers to manage the barriers in healthcare systems. This “A.R.E. Concept” 
postulates that the process of adequately preparing for acquisition, readiness for 
implementation, and the ability to efficiently manage innovative systems are as 
important as the innovative system itself in ensuring effective and successful diffu-
sion. This concept is briefly discussed as follows.

From Fig. 2.5, the “A.R.E. Concept” posits that there must be adequate prepara-
tion for system acquisition. In view of this, policy and decision-makers, such as 
government, health authorities, or senior management, should first carry out a com-
prehensive healthcare supply chain system needs assessment, involving all the rel-
evant stakeholders who have the potential to impact its success. Due to technological 
advancement, there is a need for strategic planning where the policy and decision-
makers must instead invest in Digital-Enabled Health Supply Chain Systems, not 
just any other systems, at the public healthcare centers. This kind of system is cen-
tered on automatic inventory management functionality for stock record-keeping, 
tracking, and reporting of drug supply and distribution, as well as monitoring stock 
shelf life and expiration. Furthermore, it provides access outside the work environ-
ment via mobile devices.

Fig. 2.5  The A.R.E. concept for managing innovation diffusion’s barriers in healthcare supply 
chain systems. Source: Authors’ own idea (2024)
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Also, the “A.R.E.  Concept” postulates readiness for system implementation. 
This is characterized by adequately training healthcare personnel with computer 
skills prior to system implementation, enabling them to adopt digital technologies. 
Additionally, there should be adequate infrastructure, including secured internet 
connectivity, reliable power sources, and backup systems.

Lastly, the “A.R.E. Concept” suggests that there should be efficient system man-
agement. The system should be constantly monitored to ensure effective feedback 
mechanisms that facilitate rapid information exchange and redistribution of medi-
cines at all health centers, aiming to improve patients’ healthcare. Additionally, 
there should be proper user rights to control medicine requests, approval, and 
reporting. Efforts should be made to reduce technological disruptions, such as 
ensuring a reliable power supply, especially in rural areas. This includes exploring 
solar-powered systems to minimize patient waiting times and avoid discrepancies in 
patients’ records and data loss.

In a nutshell, findings from our study provide practical insights into the obstacles 
associated with the adoption and implementation of new technologies intended to 
transform health supply chains in Uganda through our proposed Framework “The 
Barriers to Innovation Diffusion: A Framework from the Healthcare Center 
Perspective.” Additionally, our study proposes the “A.R.E. Concept” as the panacea 
to manage the absurdities entrenched in the quest to embrace digital technology in 
the health supply chain for sustainable care to patients by ensuring prompt supply 
of medications, especially in the context of Uganda. The general implication is that 
these findings serve as a guide and draw the attention of the policy and decision-
makers such as governments, and health ministries, the need of investing in Digital-
Enabled Health Supply Chain Systems at the various healthcare centers to enhance 
resource efficiency, build resilience, and take proactive measures to safeguard the 
lives of patients.
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Chapter 3
The Impact of Mobile Application 
Innovation on Coordination of Malaria 
Stock and Production Management: 
A Supplier Case Study in South Africa

John Michael Maxel Okoche, Marcia Mkansi, Tshililo Ramovha, 
Oluka Pross Nagitta, and Temidayo Akenroye

3.1 � Introduction

In Africa, availability of medicines underscores attainment of the third Goal of the 
United Nations Sustainable Development Goals that aims at ensuring health and 
wellbeing for all people. Specifically, one of the targets is that by 2030, the popula-
tion of all countries should have access to crucial, quality, safe, and affordable 
essential medicines and vaccines. Nonetheless, its achievement poses a formidable 
challenge, more so in developing countries (Khuluza and Heide 2017) where coor-
dination of the supply chain is wanting (Nanyunja et al. 2011), at least with incon-
sequential solutions to the dilemma of the availability of medicines (Leung et al. 
2016; Yadav 2015). The coordination dilemma has significant implications on the 
availability of Artemisinin-based Combination Therapies (ACTS) meant for the 
treatment of simple malaria in several countries within sub-Saharan Africa (Khera 
and Mukherjee 2019; Watsierah and Ouma 2014). The World Health Organization 
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(2022) reported that Sub-Saharan Africa accounted 95 percent of world death 
globally.

According to several scholars (Nagitta and Mkansi 2023; Nagitta et  al. 2019; 
Stanley et  al. 2009), lack of Information and Communication Technology (ICT) 
such as decision support systems amplified the problem of multi-embedded supply 
chain. Khurana et al. (2013) underscored the need for development of appropriate 
applications for integration of end-end processes for Malaria Medicines was critical 
towards addressing the challenge of medication. Although mobile applications are 
available in some areas, they do not cover the end-to-end processes of the supply 
chain coordination of ACT drugs (Mpimbaza et al. 2015). Khurana et al. (2013) 
underscored the need for development of appropriate applications for integration of 
end-end processes for Malaria Medicines was critical towards addressing the chal-
lenge of medication. Furthermore, the applications which were available the market 
such as Pilldrop, iWander app, and Remote Area Medical, never addressed a multi-
embedded challenge in healthcare supply chain coordination.

Hence, Nagitta and Mkansi (2019) established a theoretical model for a multi-
embedded supply chain incorporating the micro, market, and macro dimensions 
for the availability of ACTs in Africa. In order to strengthen the health care system 
in developing countries especially Africa, Mkansi and Ramovha (2023), extended 
the latter study by developing a mobile application for coordinating industry, aca-
demic, and corporations’ in order to contribute towards a shared agenda for trans-
formation of healthcare system. Using the design science methodology, the mobile 
application incorporates quantitative computer programming approach by use of 
the Internet of Things (IoT) model, barcode technology, and Xamarin technology 
and the Microsoft dot net (NET) Framework (Mkansi and Ramovha 2023). The 
mobile application (App) innovation addresses a multi-embedded supply chain 
coordination which is the root cause for common problem of understocking, over-
stocking, and non-availability of malaria medication. The application was meant 
to support in reduction of high cost for medication developing countries. 
Experimental research resulted in a functional mobile application responding to 
the needs of the multi-embedded supply chain coordination problem related 
to ACTs.

The mobile application equips small manufacturers and public healthcare centres 
with the technology to improve efficiency. Since its development, the application 
has been utilised by a small-scale manufacturer of malaria products in Pretoria 
(South Africa) to help strengthen and improve internal supply chain processes of 
stock management, production, productivity, and cost reduction and waste manage-
ment. However, the extent of impact to the small manufacturer’s internal supply 
chain remain unexplored. In this study our goal and purpose is to extend this discus-
sion by first identifying the mechanisms by which the mobile application impacts 
on the internal supply chain coordination for the small manufacturers in South 
Africa. Mahotra  and  Majchrzak (2024) noted that the growth of crowdsourcing 
remains basic despite the huge technological advancements, hence the need for 
cross-disciplinary knowledge sharing.
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This gap demands exploration of the stakeholders involved in the internal supply 
chain coordination in small manufacturers in South Africa. This was critical in 
understanding the impact of the mobile application on coordination of the malaria 
stock and production management. Tomašev et al. (2020) emphasised the need for 
better collaborations between AI researchers and domain experts for social good 
applications. The goal was to explore and assess the impact of mobile application on 
the Internal Supply Chain Coordination. The study established that mobile applica-
tion was critical for improvement of manufacturing, production, productivity, and 
cost reduction. Our study established that the mobile application is critical in 
streamlining internal supply chain performance in manufacturing. Developing 
countries experience challenges in supply chain coordination: Challenges limited 
funding (Alexander et al. 2020; Eggers 2020; Lee and Persson 2016), technology 
advancement (Mbuyisa and Leonard 2017; Manyika et al. 2016), shortage of raw 
materials (Desai and Looze 2020; Bartik et al. 2020; Alexander 2020), shortage of 
power (Herbane 2010; Bohn et al. 2020; Desai and Looze 2020), and meeting qual-
ity standards (Tene et al. 2018; Engidaw 2022).

However, the use of the mobile application (App) innovation would benefit not 
just South Africa but developing countries with similar constraints. The main con-
tributions of this study are three-fold. First, the paper provides a comprehensive 
practical insight for improvement of internal supply chain coordination manage-
ment using the mobile application. The mobile application improves internal supply 
chain coordination by strengthening manufacturing, production output, productiv-
ity, and reducing production costs. Second, theoretical contribution by closing the 
loop which was not clear on the extent to which internal supply chains contributes 
market level stakeholders. This is critical expansion of knowledge by providing 
internal mechanisms for improvement of supply chains by directly and indirectly 
contributing to attainment of global and African Union agenda 2063 and Un Priority 
(African Union 2022). Finally, the paper provides insights on how academia can 
transform research into innovation for strengthening and improving supply chain 
coordination.

The paper itself is organised as follows. Introduction in Sect. 3.1. The literature 
is presented in Sect. 3.2. Then in Sect. 3.3, we show the methods used. The results 
are then covered in Sect. 3.4, after which the implications of the study are shown in 
Sect. 3.5 and Limitations of the study in Sect. 3.6.

3.1.1 � The Mobile Application

The mobile application the “UNISA ACT”, was developed on the basis of core fea-
tures and architecture deduced through healthcare supply chain problem relevance, 
and incorporated inventory management and distribution principles for design as a 
process, to produce mobile application as design artefact. Using a waterfall method-
ology, the application was produced with the unified User Interface (UI). The appli-
cation is hosted in a Xamarin shell fly out. According to Mkansi and Ramovha 
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(2023), the unified User Interface (UI) uses responsive web design principles to 
provide an optimal viewing and interaction experience for any screen size, device, 
or orientation (Fig. 3.1).

The application is critical for use by the micro, macro, and market stakeholders. 
The micro-environment stakeholders to be supported by application are the various 
health care centres; the district hospitals, referral hospitals, district medical offices, 
and health centres receive malaria drugs from either private pharmacies, national 
medical stores, or donors. The micro-level stakeholders can place orders for the 
drugs, tracking orders, dispensing drugs, understanding current within the facility 
and keeping required stock level to meet customer requirements. The macro level 
stakeholders’ UN system, governments, international organisations, civil society 
organisations, donors, and malaria working groups can view and access the holistic 

Fig. 3.1  Mobile application ACT mobile app high level. Source: Mkansi M, Ramovha T (2023) A 
mobile application innovation for public healthcare supply chain coordination. In: Yang XS, 
Sherratt RS, Dey N, Joshi A. (eds) Proceedings of eighth international congress on information and 
communication technology. ICICT 2023 (Lecture notes in networks and systems), vol 694. 
Springer, Singapore. https://doi.org/10.1007/978-981-99-3091-3_5
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operation of the system. The market level stakeholders consist of local pharmaceuti-
cal companies and distributors, domestic public and private suppliers, international 
public and private suppliers, private for-profit wholesalers, and private not for profit 
providers. The system provides the market level stakeholders with appropriate 
information for good market conditions. The innovation uses the application layer 
in IoT to provide for the dashboard to allow the different stakeholders to view and 
analyse stock status, view the demand for the products. At network level, the sen-
sors had to provide for interface to scan for the requirements at different levels.

This chapter explores the impact of this mobile application at a market level and 
is limited to a single internal supply chain case of small manufacturer of malaria 
products. The mobile application plays a critical role in coordination of the entire 
supply chain, therefore critical for improvement of the entire supply chains by 
broadening the value of this technology adoption to a wider spectrum. In our study, 
the exploration was mainly on the internal supply chain but the application is sig-
nificant as it has mechanisms for coordination of the micro and macro health envi-
ronment. First, the micro-environment stakeholders to be supported by application 
are the various health care centres; the district hospitals, referral hospitals, district 

Fig. 3.1 (continued)
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medical offices, and health centres receive malaria drugs from either private phar-
macies, national medical stores, or donors. Finally, the macro-stakeholders and 
macro level stakeholders will benefit from improvement of the internal supply 
chains provided by the mobile application.

The following section provides a critical review of the literature for contextuali-
sation of the coordination mechanisms of coordination of Artemisinin-based 
Combination of Therapies (ACTS).

3.2 � Literature Review

A comprehensive review of the literature discusses the critical aspects’ contextuali-
sation for coordination of Artemisinin-based Combination of Therapies, (ACTS): 
inventory and production management, challenges in developing countries, and 
Mobile application coordination of Malaria stock.

Fig. 3.1 (continued)
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3.2.1 � Inventory and Production Management of Healthcare

Academic literature is nuanced with approaches used by supply chain for inventory 
and production management of healthcare. Internal supply chain refers to the chain 
of activities integrated with a holistic performance of activities across departmental 
boundaries within the company (Soares et al. 2017). Abdallah et al. (2021) highlight 
the necessary steps for internal quality, internal supply chain as quality leadership, 
customer focus, IT-enabled organisation, supply chain integration, quality manage-
ment, customer quality involvement, information sharing, cooperation, and continu-
ous improvement. An effective supply chain provides mechanisms for coordination 
and integration of the entire system (Yadav 2015). Sharma and Kumar (2017), argues 
that despite the critical need todevelopment an effective internal supply chain, firms 
are often reluctant to share information, resulting in poor coordination and limited 
integration. Oluka et  al. (2021) state that appropriate coordination mechanism is 
helpful in development of a seamless organisation effective in planning, tracking, 
and estimating the lead times based on real-time data. Singh (2011) argues that 
information sharing supports in strengthening coordination and integration in the 
supply chain. Kabra et al. (2015) state that integrated and coordinated supply chains 
exhibit a great level of collaboration among members.

Additionally, Simatupang and Sridharan (2018) argue that coordination har-
nesses collaboration which is characterised by a higher-level interest, representing 
an affective, volitional, shared interest process. Tjosvold and Weicker (1993) argue 
that collective effort requires coordination and integration. In order to harness coor-
dination for investment by the company, it is required to harness coordination which 
improves collective understanding, shared vision, resources, and common focus 
(Bhattacharya et al. 2015). The firm’s ability to harness internal collaboration pro-
vides a competitive advantage as a result of internal supply chain development 
(Tamym et al. 2020), included building internal alliances for delivery of services 
(Choi et al. 2018). Development of appropriate coordination mechanisms is neces-
sary for the successful availability of malarial drugs (Oluka et al. 2021). Datta and 
Christopher (2011) highlight that coordination in the supply chain provides oppor-
tunity for streamlining market demands, customer preferences, and coordination of 
activities. Supply chain coordination usually improves accuracy, timeliness, ade-
quacy, credible information, and complete information within the organisation 
(Pujara and Kant 2015).

Coordination is critical for information sharing reducing supply chain costs, 
demand variability, and improves responsiveness (Awwad et al. 2018). Coordination 
helps the organisations ability to respond to environmental changes quickly and 
efficiently (Shokouhyar et al. 2020), which is crucial for an organisation’s success 
and competitiveness (Shokoohyar et al. 2022). Organisations which fail to strengthen 
internal coordination and integration end up losing market share (Rossini et  al. 
2022). Management of internal supply chains has become critical in addressing 
challenges in manufacturing. Mobile applications have become critical in strength-
ening integration, coordination, and supply chain environment (Yuan and Cao 2022; 
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Dagestani and Qing 2022; He et al. 2022; Palea et al. 2023). The digital technology 
improves supply chain management (Yuan and Cao 2022; Dagestani and Qing 
2022; He et al. 2022; Calzolari et al. 2022; Palea et al. 2023). The applications pro-
vide mechanism for integrating the operations in the organisation (Yuan and Cao 
2022). Palea et al (2023) argued that digital technology strengthens coordination in 
the supply chain improving industry manufacturing. These have proved critical 
towards improvement in the supply chain environment, systematically strengthen-
ing manufacturing (Nicholson et al. 2023). Hasibuan et al. (2018)) observed that 
digital technology improves supply chain environment for effective manufactur-
ing firms.

A well-coordinated supply chain system enables an organisation to manage its 
resources efficiently and view various aspects of its operations (Supply Chain 
Council 2022), with a network of collaborating entities; suppliers, manufacturers, 
distributors, and retailers (Akkucuk 2020) with an objective of efficient utilisation 
of resources (Hasibuan et al. 2018). Mathur et al. (2018) argue that organisation 
performance together with appropriate manufacturing requires improvement in 
effectiveness and efficiency. Furthermore, Skowron-Grabowska et al. (2022) argue 
that applications are critical in improvement of supply chain reliability. Reliable 
supply chains help by consistently meeting customer demands and delivering prod-
ucts and services on time, in the right quantities, and at expected levels of quality. 
Internal supply chain management is critical in increasing productivity and produc-
tion in manufacturing firms (Nicholson et al. 2023; Chen et al. 2023; Li et al. 2023). 
Coordination in the supply chain improves stakeholder participation in the manu-
facturing process (Nicholson et al. 2023). Chen et al. (2023) also argued that mobile 
applications increase productivity by harnessing communication, connectivity, and 
digital information-sharing services improving decision making. Li et  al. (2023) 
established that digital technology by use of dashboards harnesses timeliness in 
production.

3.2.2 � Challenges in Developing Economies

African, small-scale industries have diverse challenges: limited funding (Alexander 
et al. 2020; Eggers 2020; Lee and Persson 2016), technology advancement (Mbuyisa 
and Leonard 2017; Manyika et  al. 2016), shortage of raw materials (Desai and 
Looze 2020; Bartik et al. 2020; Alexander 2020), shortage of power (Herbane 2010; 
Bohn et al. 2020; Desai and Looze 2020), and meeting quality standards (Tene et al. 
2018; Engidaw 2022). Small-scale industries in Africa don’t have adequate short-
term and long-term financing (Alexander et al. 2020). According to Eggers (2020), 
the small-scale industries don’t have access to cheap source of credit. The challenge 
of acquisition of limited credit forces small-scale manufacturers to rely on family 
and friends as a source of capital (George et  al. 2016). Capital from family and 
friends is relatively cheap but can have shadow costs that may not make it ideal, 
especially for business growth (Lee and Persson 2016).
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The small-scale manufacturers are also constrained by access to advanced tech-
nology (Manyika et al. 2016; Mbuyisa and Leonard 2017); due to high costs attrib-
uted to new technology. Manyika et  al. (2016) highlight that a majority of the 
small-scale enterprises in Africa still use traditional and outdate technology under-
mining business performance. A growing body of evidence suggests that digitalisa-
tion could revolutionise the way small and micro businesses operate (Mbuyisa and 
Leonard 2017). Shortage of raw materials as a result of limited working capital is a 
major challenge affecting small-scale manufacturers in Africa. Desai and Looze 
(2020) established that access to raw materials has proved problematic for the 
small-scale manufacturing industries. Similarly, Bartik et  al. (2020) noted that 
shortage of raw materials had affected manufacturing in Africa. The lack of materi-
als was because of limited working capital impacting the access to required raw 
materials (Alexander 2020).

Small-scale industries continue facing a major challenge of power shortage due 
to increased demand for electricity (Herbane 2010). The power shortage under-
mines the ability of the manufacturers to operate at full capacity (Bohn et al. 2020). 
Furthermore, the small-scale industries are not in position to purchase their own 
source of electricity (Desai and Looze 2020). Small-scale industries in Africa have 
also found it difficult to meet the global quality standards. African business entities 
have found it difficult to compete internationally due to inability to meet normative 
requirements at international level (Engidaw 2022); the firms don’t have funds for 
research in order to improve upon the quality (Alexander et al. 2020; Eggers 2020). 
Emergent literature highlights importance of strengthening supply chain manage-
ment in order to address the challenges faced by small-scale industries (Quang 
et al. 2016).

3.2.3 � Coordination of Malaria Stock Using 
Mobile Applications

A comprehensive of academic literature reveals four coordination mechanisms for 
improvement using mobile applications: transformation of manufacturer, technol-
ogy innovation, improvement of productivity, and reduction of production costs. 
The first cohorts of scholars argue that mobile applications address challenges for 
the small-scale manufacturing by transforming manufacturing (Benner and Tushman 
2003). The applications harness industry effectiveness (Mathur et al. 2018), effi-
ciency (Supply Chain Council 2022; Hasibuan et al. 2022), reliability (Skowron-
Grabowska et al. 2022), and relevance (Queiroz et al. 2022). Mathur et al. (2018) in 
their study established that use of mobile applications for strengthening internal 
supply chains improves effectiveness in manufacturing. The applications improve 
supply chains by streamlining coordination, collaboration with the organisation 
(Supply Chain Council 2022). Akkucuk (2020) highlights that applications inte-
grate operations effectively by managing resources using collaboration and 
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resources efficiently. The network of collaborating entities within the organisation 
streamlines efficient utilisation of resources (Hasibuan et al. 2018). Furthermore, 
the platforms provided strengthen relevance and reliability of the company opera-
tions (Queiroz et al. 2022.

Mobile applications improve company performance by ensuring that operations 
are relevant for the needs required. In addition, Skowron-Grabowska et al. (2022), 
established that the applications play a critical role of ensuring that manufacturing 
is consistent and reliable in meeting customer demands and requirements. A well-
coordinated supply chain system enables an organisation to manage its resources 
efficiently and view various aspects of its operations (Mathur et al. 2022). Mobile 
applications systematically transform manufacturing by strengthening coordination 
and integration, therefore harnessing effectiveness, efficiency, relevance, and reli-
ability (Supply Chain Council 2022). Secondly, technology innovation is critical in 
improving production in the manufacturing (Benner and Tushman 2003). Companies 
can improve the operations using the mobile applications for increasing the com-
pany output during the production process (Nicholson et  al. 2023; Skowron-
Grabowska et al. 2022; Chen et al. 2023; Li et al. 2023). Nicholson et al. (2023) 
argue that the mobile applications create a good environment for free flow of vital 
information, therefore improving production capabilities of the manufacturer. 
Furthermore, the applications’ flexibility provides a backbone for quality control 
management (Skowron-Grabowska et al. 2022).

Manufacturers, therefore, by use of mobile applications increase the quality of 
the products and services by use of innovation technology. Li et al. (2023) argue that 
manufacturing by use of modern technology improves partnerships and collabora-
tion which are responsible for improved production. Manufacturing companies are 
now using mobile applications for strengthening employee participation enabling 
them to collect, access, and share critical manufacturing data and achieve continu-
ous improvement (Ak and Patatoukas 2016). Zhu et al. (2021) argue that the tech-
nology has proved useful for manufacturers in integrating the different departments 
improving company production. The power of mobile applications lies in their abil-
ity to work right down on the production line, where the actual manufacturing pro-
cess takes place.

The third cohort of scholars argue that mobile applications play a critical role in 
improving productivity by manufacturing companies (Benner and Tushman 2003). 
The applications harness industry effectiveness (Nicholson et al. 2023; Frank et al. 
2019; Ebert and Duarte 2018). The company productivity is strengthened by 
improving mechanisms used for stock management (Nicholson et  al. 2023). 
Appropriate stock management systematically improves the company productivity 
by enabling seamless information flow (Oluka et al. 2021). The mobile application 
removes the traditional borders which undermine increased productivity. In addi-
tion, the mobile application is also critical in reducing wastage which is responsible 
for company productivity. Ebert and Duarte (2018) established that mobile applica-
tions manufacturers usually reduce waste by use of mobile applications. This is in 
agreement with Frank et al. (2019) who also highlighted that mobile applications 
reduce unnecessary waste during the production process by use of appropriate raw 
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materials. The next level of improved productivity by use of application by the 
mobile applications helped in monitoring employee performance (Li et al. (2023). 
Technology can facilitate monitoring employee performance. Zhu et  al. (2021) 
argue that manufacturers use mobile devices to connect employees to collect, 
access, and share critical manufacturing data and achieve continuous improvement.

Finally, the next cohort of academic literature emphasises the role of mobile 
application technology in reducing production costs (Frank et al. 2019; Ebert and 
Duarte 2018; Cai et al. 2010; Cai et al. 2010). Frank et al. (2019) argued that mobile 
applications reduce costs by reducing waste in the manufacturing processes. The 
mobile application innovation technology reduces operation costs by integration, 
reducing waste, and the cost of production (Ebert and Duarte 2018). Cai et al. (2010) 
established that digital technology is responsible for cost reduction. Digital innova-
tion improves supply chain by removing bureaucracy which results in high costs of 
production (Gurbaxani and Dunkle (2019). The applications reduce cost by con-
verging capabilities using telecommunication infrastructures, which is the result of 
extensive technical innovation (Goerzig and Bauernhansl 2018). Russel (2019) reit-
erates that mobile applications are critical in dealing with a big challenge of expen-
sive and costly services (Rose et  al. 2015; Fenny et  al. 2018). Although mobile 
applications are available in some areas, they do not cover the end-to-end processes 
of the supply chain coordination of ACT drugs (Mpimbaza et al. 2015).

Khurana et  al. (2013) underscored the need for development of appropriate 
applications for integration of end-to- end processes for Malaria Medicines, which 
is critical towards addressing the challenge of medication (supported by our critical 
mapping in Table 3.1). Furthermore, the applications which were available in the 
market, such as Pilldrop, iWander app, and Remote Area Medical, never addressed 
a multi-embedded challenge in healthcare supply chain coordination. In order to 
strengthen the health care system in developing countries especially Africa, the 
mobile application was designed to strengthen supply chain coordination. However, 
the extent to increased production, productivity and transformation of manufactur-
ing remains unexplored. Our study addresses the latter gap.

3.3 � Methodology

3.3.1 � Research Design

We used exploratory case study research design with a qualitative approach. A single 
case study was used for evaluating the impact of the mobile application innovation 
on the coordination of malaria stock and production management. Yin (2003) argues 
that case study research design is critical in capturing the context and lived realities 
of the participants in relation to mobile application. Finally, the study design was 
flexible in qualitatively exploration of the perspectives of the participants in under-
standing of the impact of the mobile application (Creswell and Creswell 2017). The 
case study research design is critical in gaining insights of a particular study as it 
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provides the researcher with an opportunity to critically examine a single case in time 
as opposed to several cases. The impact of the mobile application on either of the 
segments of the supply chain i.e. micro, market, and macro remained unexplored.

A single case study was used for exploration of the impact of the mobile applica-
tion on the market segment case of small business manufacturer of malaria products 
in Gauteng province of South Africa. In particular, our study focussed on how the 
mobile application improves internal supply chain process in terms of coordination, 
production, productivity, waste, and stock management. The company which was 
used as a case study is a bio-technology company which specialises in the manufac-
ture of slow-release fibres in Pretoria Gauteng Province. The company mainly manu-
factures slow-release fibres from polypropylene copolymer. The fibres which are 
manufactured usually engineered for storing high amount of liquid within their matrix 
and slowly release small amounts over a long period of time. The technology which is 
used by the small-scale manufacturer aimed at slowly releasing high value actives in 
order to prolong effectiveness and cost reduction for the practical applications.

The manufacturer produces long lasting insect repellent textile-based products 
which are washable for at least 8 months. Furthermore, repellent fibre combines cot-
ton, wool, polyester, and polyamide for the final repellent textile-based products. The 
manufacturer operates under Nanomaterials Industry Development Facility (NIDF) 
manufacturing insect repellent hiking socks, natural repellent creams, repellent spray, 
and repellent bans. Small business and manufacturers have challenges in coordina-
tion, reduction of waste, productivity, efficiency, effectiveness, reliability, and com-
petitiveness. Impact assessment of the application is critical towards improvement in 
the operations. Furthermore, this is critical in building capacity which is limited 
capacity of Africa in responding to humanitarian crisis induced by outbreaks as seen 
in Covid19 case. Supply chains are mainly internal and external, but the major focus 
is internal supply chain management. This impact study is essential for strengthening 
and improvement in operations of the small health care manufacturers in Africa.

3.3.2 � Sample and Data Collection

The major purpose of our study was to assess the impact of the mobile application 
for internal supply chain process in small-scale manufacturers in Africa. We con-
ducted nine focus group discussions covering the designer of the application and 
staff in the small-scale manufacturer with in-depth and rich information about oper-
ations of the manufacturer. The participants’ perspectives were interviewed to help 
in assessing the impact of the mobile application in the performance of the internal 
supply chain mechanisms of the small-scale manufacturer. Recognising that inter-
viewees participated in the pilot and utilisation of the mobile application in the 
operations of the manufacturer. We conducted nine focus group discussions with the 
developer of the application and staff in the small-scale manufacturer. This was 
critical in framing and structuring the impact of the mobile application on the inter-
nal supply chain of the company.
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We purposively selected interviewees with a critical understanding of the 
mobile application to support in understanding the impact of the mobile applica-
tion (Suri 2011). In particular, Participants with in-depth insight on the impact of 
the application to their business' supply chain stock management processes. The 
interviews and focus group discussions were recorded in the Microsoft teams and 
were transcribed to facilitate the process of interpretation. The interview protocol 
focused on understanding the impact of the mobile application on the internal 
supply chain of the small-scale manufacturer in South Africa. Follow-up ques-
tions were used to clarify responses. In line with Creswell and Creswell (2017), 
the study used anonymity for harnessing ethical considerations during the study. 
The views of the respondents were critical in understanding the impact of the 
mobile application on the internal supply chain of the small-scale manufacturer in 
South Africa.

3.3.3 � Data Analysis

The focus group discussions were recorded in the micro-soft teams or laptop audio 
instruments and were later transcribed, coded, and analysed using MAXQDA (a 
computer-aided qualitative data analysis software). The transcripts were uploaded 
to the software and subsequently open coding, followed by inputting coding groups 
or themes (also known as axial coding). The perspectives of the respondents in view 
of the impact of the mobile application on the internal supply chain were captured. 
Open coding was undertaken using the MAXQDA.  In this context, words and 
phrases reflect the narrative of the participants who were involved in development 
and use of the mobile application formed the evaluation of the application. After the 
open coding process, by use of the software hierarchical axial coding was used to 
identify and connect multiple codes to map out the impact of the mobile application 
(Babbie 2017). The coded themes from hierarchical axial coding were combined as 
significant inputs for thematic development and the iterative process between 
themes that emerged from the data and the literature for impact of digital applica-
tions on the internal supply chain management. Polit and Beck (2012) guided the 
process for applicability or transferability with background description, the outline 
of the methodology, and the preservation of transcripts. The audio record and tran-
scripts of the perspectives of participants were appropriate and relevant for conver-
gence and support of the constructs discussed by Yin (2018).

3.4 � Results

This study used the MAXQDA software for analysis of interviews and Focus Group 
Discussions (FGDs) for assessing the impact of the mobile application on the inter-
nal supply chain of the small-scale manufacturer in South Africa. The findings 
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Fig. 3.2  Impact of mobile application

revealed the impact of the mobile application by transforming manufacturing, 
increasing production and affordable manufacturing.

Figure 3.2 provides critical opportunity for strengthening of the internal supply 
chain therefore transformation of manufacturing, increased production, and afford-
able manufacturing.

3.4.1 � Transformation of Small-Scale Manufacturing

The innovation is critical in the transformation of small-scale manufacturing in 
Africa by harnessing effectiveness, efficiency, relevance, and reliable manufactur-
ing. The application’s ability to streamline manufacturing is critical for improve-
ment in manufacturing in developing countries riddled with ineffectiveness, 
inefficiency, irrelevance, and unreliable manufacturing mechanisms. First, the 
application is critical towards strengthening effectiveness in the production by the 
small manufacturers in Africa. The application has improved the operations of the 
small manufacturing by systematically adopting to modern techniques of produc-
tion. Production and productivity have been improved by adoption of manufactur-
ing techniques like lean manufacturing and just-in time systematically transforms 
manufacturing in small manufacturing plants. The application by use of dash boards 
schedules production process by helping the different personnel in manufacturing 
process to schedule. One of the discussants during the impact assessment opined 
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that the mobile application is critical for improvement of effectiveness in manufac-
turing in company. In his own words the discussant who opined that:

“the application is useful in ensuring that manufacturing is effective as the processes are 
automated therefore, helping attainment of desired objectives. Timely information is very 
important for small scale manufacturers which is one of the features of the application 
being position to relay accurate and timely information for all the stakeholders. This is very 
important in delivery of timely and harnessing effectiveness in the manufacturing.” By use 
of dashboards and remote sensors stakeholders are in position to input information and 
acquire resources required for effective performance.

Secondly, the innovation has proved critical for improvement of efficiency in the 
small-scale manufacturing firm. The application harnesses efficiency by streamlin-
ing processes which were previously done manually by use of smart phones and 
computers across the entire production system. One of the discussants during the 
discussion emphasised the ability of the mobile application to improve efficiency as 
it streamlines operations of all the stakeholders. The Chief Executive Officer argued 
that the mobile application streamlines operations by integrating activities in the 
same platform which strengthens efficiency in manufacturing.

In his own words the discussant highlighted that: “the mobile application helps in integrat-
ing the operations of all the stakeholders which can be viewed in dashboards. This is very 
important in strengthening and making operations more efficient in the same platform.” 
Different actors in the supply chain view the different dashboards and access useful infor-
mation to undertake respective obligations therefore improving efficiency.

Thirdly, the mobile application transforms the manufacturing units by adoption and 
use of local and relevant technology which is applicable to the manufacturing con-
ditions in Africa. The mobile application is simple, relevant, and cheap technology 
adopted for local conditions in Africa. One of the discussants during the impact 
assessment highlighted that the mobile application is cheap and relevant for devel-
oping countries. In his own words the discussant highlighted that:

the application is adoptable to both to desktops, laptops and mobile telephones making it 
convenient for both the small and big companies to use.

The design requirements which were developed was on the basis of the local require-
ments for developing countries. This is critical in ensuring that the application meets 
the requirements for Africa where mobile phones are across the entire society. 
Finally, the mobile application improves the reliability in manufacturing as the 
requirements of the health products have to be provided in a timely and reliable 
manner for saving life. Health sector manufacturing transformation requires 
improvements in relevance reliability of healthcare system. One of the discussants 
during the discussions argued that the mobile application can be reliable in support-
ing the manufacturing system as it provides real-time information for the users 
across the entire value chain of the manufacturing system. In his own words the 
discussant who argued that:

the mobile application by use of dash boards automatically relays accurate information dur-
ing the manufacturing process as opposed to the manual system. The automation helped in 
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reliable information which I required by all employees. Effective manufacturing requires 
reliable information across the manufacturing process.

The mobile application uses remote sensors for inputting customer demands and 
requirements for the next intermittent processes in the manufacturing system. 
Actions by the different employees in the manufacturing system are guided by reli-
able information which are accessible on the platform. The innovation helps under-
resourced health care systems to acquire right information and maintain good 
relationships with customers and meeting their expectations.

3.4.2 � Increased Production

First, mobile application has proved useful for scheduling the production processing 
in the manufacture of insect repellent hiking socks, natural repellent creams, repel-
lent spray, and repellent bans. One of the respondents demonstrated how systemati-
cally, the mobile application by use of barcodes sequences the production. The use 
of the very barcode ensures that production is sequenced and moves from one step 
to the next correct step sequentially. The new process must begin immediately after 
the first process has been undertaken. The next process by detecting the code auto-
matically follows the right sequence to conduct the correct process. The manufac-
turer by use of bar codes has systematically been in position to align the processes 
during manufacturing. The mobile application has proved critical towards strength-
ening the production process in the small-scale manufacturing. The insight from the 
respondents demonstrated the processing by the mobile application and stated that:

After you have completed the fibre. You’ll scroll down and start the process of rewinding. 
You see the very same barcode that you have put under recipe B11. So, you don’t need to, 
re-enter the barcode. So, the system will know that you have completed the fibre now it 
activates button of, is it rewind that we are talking about. Furthermore, there will be a report 
that says mixed step 1. Step 1 complete.

The capabilities of the application will improve the ability of the manufacturers to 
produce more and meet the market demands in the communities. Furthermore, the 
platform integrates the small-scale manufacturers with all the critical stakeholders 
that require the products in the same platform. Secondly, the mobile application has 
proved useful for strengthening of quality control and systematically driving the 
small-scale manufacturer for certification under the international standards for qual-
ity control under ISO certification. One of the respondents underscored the impor-
tance of the system by stating that the application is proving useful for quality 
control under ISO 9000 series. In his own words the CEO argued that:

This programme is very important for us because we intend to get ISO 9000 series certifica-
tion and I think one of their requirements is the tracking of the work floor from raw materi-
als up to the final product. So, this programme we are going to implement with all the zeal 
that we have because it forms part of our quality control with. Furthermore, we have to 
adopt the ISO 9000 project, and ISO 9000 project needs the completion of adoption of 
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mobile application before we start ISO project. I can’t go to ISO 9000 without finishing this 
one first.

The application is proving critical towards the transformation of the manufacturing 
in the small-scale manufacturing industry. Furthermore, quality is crucial towards 
competition in manufacturing and meeting the expectations of the customers. 
Finally, the mobile application provides the opportunity for collaboration of all the 
stakeholders in the production process right from the start to the end of the product. 
The manufacturer who participated in the impact assessment argued that the appli-
cation is critical for improvement of collaboration the production. In his own words 
the participant argued that:

the application provides an opportunity for the employees in our firm to participate effec-
tively in the production process. This is critical in making meaningful contributions by all 
the players involved in value addition right from the start to the end of the value chain. This 
is critical for strengthening collaboration and partnerships in the production of quality prod-
ucts. Collaborative manufacturing increases productivity and production in our company.

This is critical in building synergies for collaborations and partnerships to produc-
tivity and production by emerging manufacturing plants in Africa. Partnerships and 
collaboration by all the key players deliver benefits for society and greater public. In 
the long run, the manufacturing industry will be in position to grow and transform 
due to strengthened interdependences among the key players in Industry and differ-
ent departments in the manufacturing plant.

3.4.3 � Improved Productivity

First, the mobile application is critical for improvement in stock management by the 
small-scale manufacturer. The innovation has improved stock management by auto-
matically tracking employee performance, therefore significantly strengthening 
stock management. One of the senior managers in the small-scale manufacturing 
argued that the application has helped them to translate from physical manufactur-
ing to automation by reduction of waste management as a result of productivity by 
effectively using labour. In his own words the participant argued that:

the mobile application helps in stock management which is a big challenge to 
small manufacturers. The mobile application helps in monitoring stock status report 
and consumption levels which is critical for increased productivity. You see waste 
stock management, add stock with results, add waste stock.

Secondly, the mobile application has proved useful for waste management for 
the small-scale manufacturer. The innovation has streamlined waste management 
by tracking the employee performance effectively as opposed to the previous tradi-
tional systems. One of the respondents during the impact assessment highlighted 
that the mobile application will be critical in reduction of waste as it provides manu-
facturers with mechanisms for tracking wastages. In his own words the discussant 
highlighted that:
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the application reduces wastage which normally occurs in raw materials, processing and 
production of poor products leading losses. The application facilitates measurement of how 
oil and other raw materials used against the number of outputs. This has proved useful in 
waste management by our firm.

The mobile application, therefore, streamlines waste by tracking raw materials and 
improving production processes, therefore reducing wastage. The modification in 
the application has wastage controls which is critical for cost reduction.

Thirdly, the mobile application has proved useful for better optimisation of 
labour for the small-scale manufacturer. The innovation has optimised labour 
utilisation by tracking the employee performance effectively as opposed to the 
previous traditional systems. One of the senior managers in the small-scale manu-
facturing argued that the application has helped them to translate from physical 
manufacturing to automation by reduction of waste management as a result of 
productivity by effectively using labour. In his own words the participant 
argued that:

initially monitoring staff performance was undertaken manually but now employees have to 
wear and we were using manual stock take, at the end of the day people have to wear, wear, 
and wear whatever is left. But the problem is, you stopped the machine at 03:15 you have 
to clean it and all that, 03:30 people are already anxious the bus is leaving at 03:45, so you 
know people are anxious to quickly leave and go to the bus stop to wait for their bus or else 
they will be in trouble. So we realized that this manual system does not work but if we use 
this system as we have designed, this automated system, this a very good way to do it 
because it captures the data as they move so you know exactly what’s left and what’s 
not left.

The application is proving critical towards the transformation of the manufacturing 
in the small-scale manufacturing industry. Furthermore, quality is crucial towards 
competition in manufacturing and meeting the expectations of the customers.

3.4.4 � Cost Reduction

In Africa, manufacturing is very costly despite availability of raw materials. This is 
as a result of poor technology. The mobile application innovation technology 
reduces operation costs by integration, reduction of duplication, and removal of 
waste across the supply chain. Furthermore, the platform provides a transparent and 
accountable system for healthcare services. First, the application is cost effective 
and applicable to the small-scale industries in Africa. The affordability of the tech-
nology suitable to conditions in Africa is an exemplary role of how academic seg-
ment is contributing towards transformation of Africa and the health care system. 
One of the discussants highlighted the cost implication of the technology being 
critical for use by small-scale manufacturing firm. In his own words the production 
manager stated that
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the application is relatively cheaper in comparison to innovation technology available in the 
market for example Sage is very expensive for our firm. This is appealing and substantially 
help us in the production and meeting our customer requirements.

Secondly, the application reduces costs appropriately for order and stock manage-
ment. The operators are in position to appropriately monitoring stock orders. One of 
the respondents during the impact assessment highlighted that the mobile applica-
tion will be critical in reduction of waste as it provides manufacturers with mecha-
nisms for tracking wastages. In his own words the discussant highlighted that:

the application reduces wastage which normally occurs in raw materials, processing and 
production of poor products leading losses. The application facilitates measurement of how 
oil and other raw materials used against the number of outputs. This has proved useful in 
waste management by our firm.

The mobile application, therefore, streamlines waste by tracking raw materials and 
improving production processes, therefore reducing wastage. The modification in 
the application has wastage controls which is critical for cost reduction. Thirdly, the 
application can play a role of reducing bureaucracy which normally increases costs. 
The application provides mechanisms for verification online without necessarily 
going through so much bureaucracy. One of the discussants during the impact 
assessment highlighted that the mobile application eliminates bureaucracy by provi-
sion of the platform and use of barcodes for inputting information for reduction of 
costs. The chief Executive Officer in his own words stated that:

I think I have a meeting in the Morning where we can generate QR codes for all the raw 
materials that we have and then what you do is get that, print it, print the stickers and then 
we put the codes on the different processes, therefore improving the scheduling of the 
operations during the manufacturing right from the start to the end. This will help us reduce 
the bureaucracies we normally face during our production. We can start with the trials and 
from what I see we need smart phones so probably we need to purchase maybe I don’t know 
2 smart phones.

This is critical in the reduction of costs for the different stakeholders who are in dif-
ferent geographical locations. The employees from different locations and value 
chains can easily interact using the platform. Finally, use of the mobile application 
reduces costs by minimising risks during the manufacturing process. The discus-
sions during the impact assessment highlighted the importance of the mobile appli-
cation in streamlining communication and availability of information for all the 
stakeholders in the supply chain, therefore minimising risks. In his own words, the 
industry player argued that:

the mobile application improves the operation as it reduces risks to loses which increase 
costs of production. The application by use of dashboards provides critical information to 
the employees involved in the production process right from the start of the production to 
the final part of production. The information is critical for planning and reduction of risks 
significantly reducing the costs of production.

At best, the application harnesses mechanisms for cost reduction by minimisation 
of wastes, risks, and bureaucracy during the manufacturing by the manufacturer. ​
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3.5 � Discussions

The study undertook an assessment of the impact of the mobile application innova-
tion on the internal supply chain in small-scale manufacturer in South Africa. In this 
chapter, we provide a synthesis of the underlying impact of the application in the 
context of developing countries. The study established that the mobile application 
impacted by transformation of manufacturing, increased production, and reduced 
the costs of production. First, our study established that the mobile application facil-
itates transformation manufacturing in Africa. The findings are similar to previous 
studies that examined the influence of digital applications on the operations of man-
ufacturing (Mathur et  al. 2018; Queiroz et  al. 2022; Skowron-Grabowska et  al. 
2022). Specifically, we established that digital applications transform manufactur-
ing by strengthening effectiveness, efficiency, relevance, and reliability.

Similarly, Mathur et  al. (2018) established that mobile applications improve 
effectiveness in manufacturing. The ability to achieve the desired results in organ-
isations is harnessed by digital technology. Our study established that small-scale 
manufacturing is strengthened and improved by streamlining manufacturing effec-
tiveness, efficiency, relevance, and reliability. In view of efficiency, the mobile 
applications provide a platform for efficient utilisation of resources. Supply Chain 
Council (2022) argued that platforms facilitate establishment of well-coordinated 
supply chain system, enabling an organisation to manage its resources efficiently 
and view various aspects of its operations (Supply Chain Council 2022), with a 
network of collaborating entities; suppliers, manufacturers, distributors, and retail-
ers (Akkucuk 2020) with an objective of efficient utilisation of resources (Hasibuan 
et al. 2018). The mobile application enhances effectiveness by integrating the criti-
cal players in the healthcare supply chain. Mathur et al. (2018) argue that an organ-
isation’s performance together with appropriate manufacturing requires 
improvement in effectivenesss and efficiency.

Furthermore, Queiroz et  al. (2022) highlight that relevance and reliability are 
critical drivers of good organisation performance. Reliability in the system depends 
on the ability of the supply chain to consistently meet customer demands and deliv-
ering products and services on time, in the right quantities, and at expected levels of 
quality (Skowron-Grabowska et al. 2022). A well-coordinated supply chain system 
enables an organisation to manage its resources efficiently and view various aspects 
of its operations (Supply Chain Council 2022), with a network of collaborating enti-
ties; suppliers, manufacturers, distributors, and retailers (Akkucuk 2020) with an 
objective of efficient utilisation of resources (Hasibuan et al. 2018). Secondly, the 
study established that the mobile application increased production by the small-
scale manufacturing in Africa. As regards to increasing production, and in line with 
earlier research (Nicholson et al. 2023; Skowron-Grabowska et al. 2022; Chen et al. 
2023; Li et al. 2023), this study supports the role of the mobile application in pro-
duction capabilities.

Our study established that the mobile application increases production outputs 
by appropriate scheduling production. The application provides a uniform 
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environment where the stakeholders participate collectively during the manufactur-
ing process (Nicholson et al. 2023) enabling free flow of vital information for pro-
duction. Mobile applications streamline processing removing traditional barriers 
and borders within the firm and increasing production output by manufacturing 
firms. The study also established that the mobile application increased production 
by strengthening quality control. The findings complement Skowron-Grabowska 
et al. (2022) who also argued that digital applications improve quality control dur-
ing the production. Mechanism involved in quality control follow through the pro-
cess orientation and required improvements during the processing. ISO 9000 series 
certification requires tracking of the work flow from the start to the end.

Our study also established that the innovation improved production by improv-
ing collaboration and partnerships within the manufacturing firm. The findings con-
firm early findings by Li et al. (2023), who also established that digital technology 
helps the firm to integrate operations facilitating collaboration and partnerships. The 
different employees involved in the production process participate in the production 
obtaining required information on time. Progressive manufacturing companies are 
already using mobile devices to connect employees to collect, access, and share 
critical manufacturing data and achieve continuous improvement (Ak and Patatoukas 
2016; Zhu et al. 2021). The power of mobile applications lies in their ability to work 
right down on the production line, where the actual manufacturing process 
takes place.

Thirdly, innovation harnesses productivity by the small-scale manufacturing in 
Africa. This is supported by earlier studies (Nicholson et al. 2023; Frank et al. 2019; 
Ebert and Duarte 2018), this study supports the role of the mobile application 
improving the manufacturers productivity. Our findings highlight that the mobile 
application impacted the stock management capacity of the manufacturer. The 
application provides an appropriate mechanism for stock management, significantly 
improving productivity (Nicholson et al. 2023) and enabling free flow of vital infor-
mation for productivity. Furthermore, the mobile applications have removed all bor-
ders and broken barriers previously undermining productivity. The study also 
established that the mobile application streamlined waste management, therefore 
improving productivity. Our study findings are in agreement with previous scholars 
who established that waste management can appropriately be managed using mobile 
applications (Frank et al. 2019). Ebert and Duarte (2018) highlighted that mobile 
applications reduce unnecessary waste during the production process by use of 
appropriate raw materials.

Our study also established that use of mobile application technology was critical 
in optimisation of labour. Li et al. (2023) also established that use of mobile applica-
tion technology improves the ability of the manufacturer to effectively supervise 
and monitor employee performance. Employee productivity is improved as the 
supervisors are in position to effectively supervise the employee performance by 
using outputs. Technology can facilitate monitoring employee performance. Zhu 
et al. (2021) argue that manufacturers use mobile devices to connect employees to 
collect, access, and share critical manufacturing data and achieve continuous 
improvement.
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Finally, it was established that the mobile application impacted the costs of pro-
duction by making production more affordable. The innovation systematically 
reduced costs through integration, reduction of duplication, and removal of waste 
across the supply chain. Furthermore, the platform provides a transparent and 
accountable system for the manufacturer. Frank et al. (2019) also asserted that digi-
tal technology platforms reduce waste in the manufacturing. The mobile application 
innovation technology reduces operation costs by integration, reducing waste, and 
the cost of production (Ebert and Duarte 2018). The use of mobile application plat-
forms helps in cutting down processes which lead costly power consumption and 
different challenges. This is critical in transformation of manufacturing in the health 
sector. The integration in processing reduces costs as the approach reduces duplica-
tion. Traditional manufacturing without use of advanced technology exposes manu-
facturers to high costs.

Similarly, Cai et al. (2010) established that digital technology is responsible for 
cost reduction. Gurbaxani and Dunkle (2019) also argued that digital technology 
results in cost-effectiveness in manufacturing due to removal of bureaucracy. 
Manufacturers view the platforms and execute tasks without delays, therefore 
reducing costs in the production. The convergence in a variety of capabilities results 
in cost reduction in handsets and associated telecommunication infrastructures are 
the result of extensive technical innovation (Goerzig and Bauernhansl 2018). The 
integration is critical in reduction of production costs making production cost effec-
tive in manufacturing, systematically improving health services. Using online plat-
forms (Russel 2019), the mobile applications are critical in dealing with a big 
challenge of expensive and costly services (Rose et al. 2015; Fenny et al. 2018). The 
mechanisms provided by the mobile application innovation technology reduces 
operation costs by integration, reduction of duplication, and removal of waste across 
the supply chain. Platforms enable employees to collect more accurate data, share it 
across the organisation rapidly, analyse, and use for improved manufacturing. 
Better, faster information flow harnesses team work, predicts problems by use of 
equipment, material supplies, and saves money for the company.

3.5.1 � Practical Contribution and implications

In practice, this paper provides practical insights for internal supply chain coordina-
tion as it improves mechanism: manufacturing, production, productivity, and 
reduced costs in Health Care Supply Chains. The practical contribution lies in pre-
senting a comprehensive framework for integrated coordination of manufacturing 
plants in Africa. Moreover, it offers practical insights for streamlining manufactur-
ing processes by streamlining coordination and operations in manufacturing plant. 
First, the mobile application provides a practical mechanism for improved coordi-
nation by transforming manufacturing in the development country context. At best, 
the mobile application provides a relevant, reliable, efficient, and effective mecha-
nism for transforming manufacturing of the drugs in the developing country 
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context. Small-scale manufacturers in Africa are faced with different challenges in 
terms of relevance, effectiveness, and reliability of manufacturing. The mobile 
application provides an innovative approach for transformation of manufacturing.

Secondly, in practice the paper provides appropriate mechanism for increasing 
manufacturing production output. This is critical in the transformation of small 
manufacturing in Africa which continuously faces low production outputs. 
Specifically, the mobile application increases production, by improving processing 
scheduling, quality control, and collaboration and partnerships. The study has a 
practical implication to firms faced with limitations in production outputs in devel-
oping countries. Firms can systematically improve the production outputs by 
strengthening process scheduling, quality control, collaboration, and partnerships 
with suppliers and stakeholders involved in the health sector. Thirdly, the paper 
provides the practical implication to practitioners seeking to improve productivity 
within the internal supply chain. Specifically, the mobile application improves inter-
nal supply chain productivity by streamlining stock management, waste manage-
ment, and optimisation of labour. This is critical for small manufacturing plants 
which have continued to experience low productivity due to wastage, poor stock 
management, and inadequate capacity for labour optimisation.

Finally, the application provides innovative mechanisms for cost reduction in the 
internal supply chain in manufacturing. The new innovation provides a cheaper 
option with appropriate mechanisms for cost reduction. Specifically, the mobile 
application reduces costs by use of a cheap mobile application, reduced bureau-
cracy, and risk minimisation. The application provides an appropriate avenue for 
meeting financial challenges for small-scale manufacturers in Africa. The mobile 
application is affordable, therefore practically helpful in addressing financial chal-
lenges faced by developing countries.

3.5.2 � Methodological Contribution

The methodology and approach use for the study contributes to the use of qualita-
tive research methodology for assessment of the impact of the design science using 
a case study research design. Using focus group discussions and key informant 
interviews for the impact of the mobile application, the UNISA ACT app was 
assessed by conducting focus group discussion with a small manufacturer which 
had started using the mobile application. The methodology employed demonstrates 
how qualitative compliments design science. The mobile application under impact 
assessment was designed using computer experience, and the impact assessment is 
explored qualitatively. We demonstrate a closed loop between qualitative and com-
puter design, highlighting design thinking and user integration in practice. 
Furthermore, the input from this study is important for continuous development for 
artefacts which have been developed.

3 The Impact of Mobile Application Innovation on Coordination of Malaria Stock…



82

3.5.3 � Theoretical Contribution

The study provides insight on the contribution of the mobile application innovation 
on the market coordination dimension in relation to availability of the medicine for 
the market as a result of improved internal supply chain mechanisms by the small-
scale manufacturers. Mechanisms for strengthening of small-scale manufacturers 
by transforming manufacturing, productivity, and production have been critically 
established. This is critical for improvement of market level equilibrium by induc-
ing health technology equilibrium, increasing access and availability of medicine, 
improving supply chain coordination of Acts, harnessing affordability of medicine, 
and transformation of the health system and economy. The loop which was previ-
ously not clear on the extent to which the internal supply chain contributes to the 
market level stakeholders consisting of local pharmaceutical companies and dis-
tributors, domestic public and private suppliers, international public and private 
suppliers, private for profit wholesalers, and private not for profit providers.

In addition, this study expands the knowledge generation theory to support the 
improvement of the operation of internal supply chains in developing countries. 
This has been achieved by identifying challenges, weaknesses, and limitations of 
the internal supply chains in manufacturing in less developed countries. In context, 
improved internal supply chains by strengthening manufacturing, production, pro-
ductivity, and reducing costs is critical for firm performance in developing coun-
tries. Finally, gaining a contextual understanding of developing countries supply 
chains with appropriate improvement mechanisms is essential for advancing coor-
dination of internal supply chains in developing countries.

3.6 � Limitations of the Study

Our study focus was mainly internal supply chain coordination for small manufac-
turing of pharmaceutical plants in South Africa. Our study is bound to have theoreti-
cal, contextual, and theoretical limitations. First, our study’s focus was on the 
internal supply chain coordination of the pharmaceutical plant in South Africa. 
Despite the merits of our study, supply chain coordination is a holistic theoretical 
concept which is underpinned by the system’s theory, highlighting that a system 
consists of sub-systems which contribute to the entire performance of the entire 
system and sub-systems. Theoretically, excluding other sub-systems of  supply 
chain coordination limits our understanding of how the mobile application contrib-
utes to coordination mechanism across the entire supply chains, including internal, 
micro, macro, and external supply chains. Therefore, we recommend future studies 
to adopt an approach  that will allow a holistic theoretical examination of supply 
chain’s coordination examining system with subs-systems. 

Secondly, contextual limitation, our study mainly focused on a single case which 
was used for exploration of mobile application on the market segment for 
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small-scale manufacturer of malaria products in Gauteng. This was critical in the 
development of appropriate mechanisms for improvement of internal supply chains 
in South Africa and developing countries. Contextually, the study has limitations in 
pharmaceutical companies with different processing mechanisms. Future studies 
could explore the mobile application to better understand the unique contexts across 
different countries in which pharmaceutical companies operates in multi-embedded 
value chains. This can strengthen the unique attributes and development of theories.

Finally, our study used a qualitative single case study methodology for explora-
tion of internal supply chain coordination for exploration of the impact of the mobile 
application on the market segment case of small business manufacturer of malaria 
products in Gauteng province of South Africa. Single case studies and interpretive 
philosophical founded studies have limitations on generalisation of findings. Future 
studies could explore use of multiple case studies and integration positivism for 
confirmation of theory and practice. Eisenhardt (2017) provides a justification of 
use of multiple case studies in the development of theory for internal supply chains. 
In addition, future research could also integrate interpretive and positivist philo-
sophical underpinning for confirming theory development. Use of mixed methods 
could strengthen the concepts developed in our study.
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Chapter 4
Frugal Artificial Intelligence (AI) 
Innovations in Paediatric Radiology 
Supply Chain: Diffusion and Impact 
in Africa

Marcia Mkansi, Frank Ranganai Matenda, Godfrey Mugurusi, 
and Aaron L. Nsakanda

4.1 � Introduction

Paediatric radiology and imaging are an integral part of paediatric healthcare and 
treatment planning. However, access to paediatric radiology and imaging resources 
remains a remarkable challenge in low-income and middle-income countries’ 
healthcare supply chains, especially in Africa (Abdel-Wahab et al. 2024; Anazodo 
et al. 2023; Molyneux 2020). Access is restricted due to limited financial resources, 
scarce infrastructure, unreliable access to cutting-edge technologies, and a shortage 
of specialised healthcare experts. These challenges result in delayed diagnoses, 
unsuitable treatments, high morbidity, and preventable mortalities. Frija et al. (2021) 
propounded that, in the medical setting, imaging denotes diverse technologies 
implementing ionising (computed tomography, plain X-rays, nuclear medicine) and 
non-ionising radiation (magnetic resonance imaging, ultrasound) to diagnose, mon-
itor, or treat medical conditions. Paediatric radiology is a specialised arm of radiol-
ogy that focuses on the imaging and diagnosis of diseases in infants, children, and 
adolescents (Ahmed et al. 2024). In other words, paediatric radiology is an arm of 
specialised healthcare supply chain that focuses in diagnosing and treating diseases 
and injuries of children using imaging techniques.
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In practice, patient care is influenced by the healthcare supply chain, among 
other things (Kasula 2023). The author (Kasula 2023) further postulated that 
“healthcare supply chain management encompasses a spectrum of interconnected 
processes involved in sourcing, procurement, distribution, and management of med-
ical supplies, pharmaceuticals, equipment, and services”. From a supply chain lens, 
paediatric radiology represents a critical part of the value chain that could be at the 
upstream or downstream parts of the healthcare chain providing goods and services 
such as X-rays, computed tomography, ultrasound, magnetic resonance imaging, 
and positron emission tomography. However, radiologists are finding it difficult to 
uphold high interpretation precision while capitalising on efficiency exam volumes 
and quantities of images per study increase (Rubin 2000). A method to address 
these challenges in paediatric radiology is to integrate AI in the healthcare sup-
ply chain.

AI has the ability to change many facets of health care landscape. It disrupts the 
manner in which traditional health care practices are being done. Since the launch 
of AI in radiology, the expectation has been that AI will enhance the health care and 
cut costs (van Leeuwen et al. 2022). For instance, AI has demonstrated amazing 
abilities in automating image analysis, augmenting diagnostic precision, and per-
mitting remote consultations. In the healthcare supply chains, AI innovations have 
appeared as a glimmer of hope, vowing to deal with the existing challenges and 
augment the dexterity and sensitivity of healthcare logistics (Kasula 2023). AI inno-
vations can further enhance the efficacy of supply chains by permitting real-time 
predictive maintenance, data analysis, and adaptive decision-making, thereby trans-
figuring the manner in which resources are managed and apportioned within health-
care facilities (Kasula 2023). Balasubramanian et  al. (2023) opined that the 
COVID-19 plague uncovered weaknesses in international healthcare systems and 
high pointed the necessity for innovative, technology-driven solution like AI.

Nevertheless, it should be noted that AI is just a tool, not the objective. 
Conventional AI innovations usually need significant financial investments, healthy 
infrastructure, and non-stop access to high-quality data (Aagaard and Tucci 2024; 
Gholizadeh et al. 2024; Cowls et al. 2023), resources that are limited in numerous 
African settings. This is where frugal AI comes as a game-changer. Frugal AI 
denotes to scalable, cost-efficient, and context-sensitive technological innovations 
that can function under resource-restricted environments (see, for instance, Qin 
2024; Martínez-Arellano and Ratchev 2024; Albert 2019). Basically, frugal AI 
innovations are designed to deal with the specific needs of low- and middle-income 
regions since they developed to operate efficiently with minimal computational 
power. Interestingly, in paediatric radiology, AI innovations can streamline work-
flows, offer diagnostic support and extend the reach of radiological services to 
underserved populations or economically constrained markets.

Against this background, this chapter examines the diffusion and impact of fru-
gal AI innovations within paediatric radiology supply chains across Africa. 
Technology diffusion denotes the process by which technology spreads among 
institutions in the market, via competition or collaboration, influencing market entry 
and exit tactics. The study seeks to offer actionable insights into the integration of 
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frugal AI into healthcare systems. In Africa, there is a shortage of trained radiolo-
gists (Karera et al. 2024; Trauernicht et al. 2022; Rabinowitz and Pretorius 2005), 
mainly due to underfunding of the healthcare sector and inadequate training ability, 
among other reasons (Rosman et al. 2019). This puts Africa at a precarious position 
especially when compared to other continents.

Through this lens, the study contributes to a growing body of knowledge on 
leveraging technology to address systemic healthcare challenges in Africa. By 
focusing on paediatric radiology, it underscores the importance of child health as a 
fundamental pillar of societal well-being and sustainable development. The findings 
aim to provide a roadmap for policymakers, technologists, and healthcare providers 
to harness frugal AI innovations in creating more resilient and inclusive healthcare 
systems for children across the continent.

The chapter is organised as follows. Section 4.2 presents the review of literature, 
and Sect. 4.3 looks at data and methodology. In Sect. 4.4, study results are outlined. 
Section 4.5 concludes the study and outlines the implications and opportunities for 
further research.

4.2 � Literature Review

In healthcare, supply chain management is vital in promoting the continuous flow 
of resources essential for efficient patient care delivery (Kasula 2023). The author 
(Kasula 2023) further opined that supply chain management’s role in healthcare has 
advanced past simple inventory control and logistics and, nowadays, it is vital for 
optimising operational efficiency, promoting timely access to important medical 
resources, and eventually, augmenting patient care results (Kasula 2023). This indi-
cates that healthcare supply chain management is important more than before since 
it influences treatment efficacy, patient safety, and accessibility of healthcare ser-
vice. Even though healthcare supply chain management is indispensable, it is 
endowed with a multiplicity of challenges which include challenges in demand pre-
diction, inventory management, compliance with regulations, and product expira-
tion and recalls management. To address these challenges, cutting-edge technologies 
such as AI have been adopted and have revolutionised healthcare supply chains. 
Dogru and Keskin (2020) propounded that healthcare is one of the disciplines that 
AI has a huge value potential. The industry, including supply chain operations, has 
seen unmatched progress in AI applications (e.g., Sugar.IQ—a diabetes manage-
ment application, and Migraine.AI—a personalised migraine management applica-
tion) in the last two decades (Dogru and Keskin 2020). Supply chains have massively 
profited from the adoption of AI technologies (Dogru and Keskin 2020).

Even though AI is indispensable, its adoption in the healthcare sector, where it 
may offer the most significant value, is low (Bughin et al. 2017). Dogru and Keskin 
(2020) stated that some of the main challenges in implementing AI in healthcare 
include the following: (i) machine learning algorithms need a wide amount of per-
sonal data for performance and customisation of health services; (ii) designing an 
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efficient and effective user interface; (iii) the use of AI for practical purposes need a 
wider collaborative and interdisciplinary teamwork; and (iv) customisation and 
potential bias. Acemoglu and Restrepo (2018) indicated that AI is increasingly 
replacing labour, producing a strong “displacement effect” in economies. In the 
same vein, Dogru and Keskin (2020) propounded that current developments in AI in 
diagnostic radiology image analysis is expected to have a displacement effect on 
radiologists. Further, AI applications presently function in the grey legal area that is 
not being well regulated (Dogru and Keskin 2020; Whittaker et al. 2018).

In practice, there are concerns against utilising AI in the healthcare sector (Dogru 
and Keskin 2020). Specifically, there are major mistrust issues when it comes to AI 
application. Patients fear that AI can violate their privacy, while practitioners are 
doubtful when it comes to the precision of automated verdicts. This mistrust con-
cerning the use of AI partly emanates from the asymmetric environment that victi-
mises the patients through unbecoming medical manners and data breaches but not 
able to penalise institutions that design or implement them to provide healthcare 
amenities (Dogru and Keskin 2020). Panch et al. (2018) proposed that, to enhance 
trust, researchers and developers should prove to clinical decision-makers that the 
suggested machine learning algorithms are able to produce required health results 
through executing practical clinical trials. Also, patients should be enlightened that 
after they part with their personal data, they will receive enhanced health services 
(Dogru and Keskin 2020). Researches and government regulations can assist in the 
protection of clients from possible dangers and guarantee that institutions that 
design and implement AI are held accountable (Dogru and Keskin 2020). Promoting 
accountability can enhance public trust concerning AI, which can benefit supply 
chains that depend on AI to improve the effectiveness of their operations (Dogru 
and Keskin 2020).

There is a swelling interest in digitalising the supply chains in African healthcare 
sectors. Interestingly, investments in digital technologies have been on the increase. 
However, the challenges and concerns against utilising AI can affect the diffusion 
and impact of frugal AI innovations within paediatric radiology supply chains 
across Africa. This is problematic since in Africa the radiologist staffing standing 
seems worse than in well-resourced areas (Rosman et  al. 2019). Several studies 
across African economies have indicated that there is a general shortage of radiolo-
gists which affects the quality of healthcare delivery. Moreover, even though a mul-
tiplicity of studies concerning AI innovations in healthcare have been done, few 
studies have paid great attention to AI innovation in radiology. Healthcare supply 
chain research inspired by the prevalence of AI in radiology stresses issues of ethics, 
possible opportunities, and challenges in application (Siala and Wang 2022; Morley 
et al. 2020), but very little attention and evidence on frugal AI innovations by the 
specialists for the specialists. Earlier research on the topic has been restricted and 
disjointed, resulting in an incomplete comprehension of the subject matter. In real-
ity, there’s growing interest and appetite for empirical case studies on the diffusion 
and impact of frugal AI innovations in healthcare supply chain (Sarkar and Mateus 
2022; Bhatti et al. 2017).
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4.3 � Methodology

Drawing from the Technology-Organization-Environment (TOE) framework for 
innovation diffusion, this chapter qualitatively explores the case of Africa-based 
frugal AI innovations in paediatric radiology. Qualitative case studies are rooted in 
real-world problems immersed in participant environments (Yin 2017). Data is 
gathered through participant(s) narratives of experience, behaviour, and perceptions 
(Widner et al. 2022; Yin 2017). This chapter considered a single case study, amongst 
the diversity of case study approaches (such as embedded, holistic, and cross case 
studies), which focuses on a single unit of analysis (Gerring 2016; Yin 2003), in this 
case the chief executive officer (CEO) of a specialised organisation that offers radio-
logical products and services. There are limited African paediatric radiologists that 
are both specialists and innovators of frugal AI, with a significant measure of inter-
national impact, hence we selected a single case study as the foci of our study. 
Advocates of a holistic case study approach emphasise greatly its strength in 
unearthing rare instantiation and patterns of themes that emerge within a specific 
context and impossible to quantify. The digital healthcare entrepreneur and paediat-
ric radiologist provides weight of such a rare and extreme case study.

A team of three conducted a semi-structured interview to collect data from the 
CEO who is both an innovator and a specialised paediatric radiologist. Interview 
data was supplemented by data and information from web-documents, media 
reports, news, videos, World Health Organisation (WHO) endorsement report, and 
testimonial insights of other practitioners on the company’s digital platform. The 
data was analysed through conventional content analysis since it is implemented 
when the existing research on a particular issue is restricted. Conventional content 
analysis involves coding schemes categories that are derived directly from text data 
(Kleinheksel et  al. 2020; Hsieh and Shannon 2005). A systematic review of the 
transcripts revealed a case narrative necessary for depicting the company’s prod-
ucts, diffusion approach, impact, and paediatric radiology supply chain and outputs. 
In addition to open coding, we further engaged axial coding to our data. Open cod-
ing helped us break the ice to explore different aspects of data insights, whilst axial 
coding helped us identify themes and connect insights into meaningful patterns to 
the inner layers of frugal innovations vis-à-vis TOE framework for innovation dif-
fusion. The latter and former coding approach are greatly endorsed by Babbie 
(2015). The links between frugal innovations and TOE framework are depicted in 
Fig. 4.1.

The TOE framework is developed to comprehend the factors that affect the adop-
tion and implementation of technology in organisations. It involves of three key 
components: technology, organisation, and environment. Technology denotes the 
systems, tools, and processes that organisations may pick to adopt and its key fea-
tures incorporate its complexity, compatibility with current systems, and perceived 
relative advantage over other choices. Organisation refers to internal organisational 
factors like structure, size, culture, and available resources. Environment embraces 

4 Frugal Artificial Intelligence (AI) Innovations in Paediatric Radiology Supply Chain…



92

Environmental
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Technological 
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Fig. 4.1  Technology-Organisation-Environment framework

external factors that influence the organisation, like market conditions, regulatory 
requirements, and competitive dynamics.

4.3.1 � Case Description

The case under study (i.e., the institution) commenced its operations in the year 
2019 by three healthcare innovators and grew to 13 employees by the time of data 
collection in 2023. Although we focused on a single company perspective, its dis-
tinctive approach as an African creator of frugal AI innovation in paediatric radiol-
ogy, encompassing entrepreneurship, healthcare supply chain, and paediatric 
specialisation provides valuable insights. This perspective, particularly of offering 
paediatric radiology products to radiologists in African and global markets, high-
lights the diffusion and impact of frugal innovations in this specialised field. The 
company boosts a suite of four frugal AI in paediatric radiology products, with 
some embedded in a turnkey service from teleradiology, computer-aided training, 
radiology AI innovation (for chest, ultrasound and mammography) to radiology AI 
assurance, and quality tools. The impact of the company to industry have been 
acknowledged by key national and international institutions such as WHO and 
MassChallenge Switzerland.

4.4 � Findings

The findings of this study are presented for each of the TOE contexts included.
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4.4.1 � Technological Construct of TOE Framework

The technological infrastructure of the case study is a suite of frugal AI innovations 
in paediatric radiology products, with some embedded in a turnkey service from 
teleradiology, computer-aided training, radiology AI innovation (for chest, ultra-
sound and mammography) to radiology AI assurance, and quality tools and 
computer-aided training tool. The following sub-headings were derived from con-
ventional content analysis:

�AI Tools (Radiology AI for Chest, Ultrasound 
and for Mammography)—Technological

The following views accompanied the responses on the AI tools used in radiology:

We started off with just the AI tools and we’ve got a suite of products there. So, we have a 
radiology AI for chest, ultrasound and for mammography and essentially what it does it’s a 
clinical decision support. So, if you look around AI solutions you wouldn’t find that many 
solutions that are focused on imaging and healthcare in children right, and that’s because 
you know the children’s healthcare is unique. CEO

Academic institutions, radiology schools including other subspecialty schools, schools 
for radiographers, physiotherapists can use CAT as an educational course to upskill special-
ists in training. In addition, the company provides access to qualified teleradiology services 
with highly experienced, board-certified senior radiologists in South Africa, including certi-
fied paediatric radiologists. Website

The frugality aspects of the innovations are observed from their peculiar capabilities 
of addressing scarcity of infrastructure and limited human capital by optimising 
limited resources to save time, reduce costs, maximise outputs, whilst maintaining 
service quality, scalability, and sustainability of healthcare paediatric value chain. 
Against the frugal capabilities, the company transforms intra healthcare services 
and extra industry’s conventional operations to manifest agile healthcare supply 
chain rife with varying degrees of ease of use, compatibility consistent with the 
needs of paediatric radiologists, perceived relative advantage, and perceived impor-
tance of compliance.

�Agile Healthcare Supply Chain Operations, Quick Decisions 
Referral—Compatibility

Insights on the compatibility and compliance of innovations emerge in the follow-
ing sentiments:

The typical scenario is you’ll have a chest X-ray, you’ll complete your chest X-ray and 
you’ll be told either to come in an hour or come in a few weeks for your report…with our 
AI, if you’re seeing a caseload of 200 patients, you imagine a patient going and having a 
chest X-ray and immediately within 12 milliseconds they’re able to get what is wrong in 
their chest and the referring doctor is able to say, okay, this is an emergency I can triage you 
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or isolate you. Now this is like in milliseconds you get a response, it goes immediately to 
your referring doctor and then they can decide. So, it’s life changing but it still it’s decision 
support. It is not a stand-alone product, and we never sell a product that is going to replace 
doctors right. I’m a radiologist, I’m there to assist and augment. CEO

This finding shows that frugal AI innovations are compatible with the organisational 
business processes. The alignment between organisational business processes and 
frugal AI innovations is vital for frugal AI innovations diffusion.

�Time Savings and Quality—Perceived Relative Advantage

The following sentiments accompanied the responses on the perceived relative 
advantage of frugal AI innovations:

So, it assists a radiologist or a medical doctor to diagnose faster, to diagnose more accu-
rately and to triage cases that require urgent attention. If you build a product that is 
pertaining to a radiologist and you have a technology background and experience, it’s 
going to be good and robust in terms of the technology and suit every aspect of 
an AI? CEO

The participant emphasises the issue of time savings, accuracy that helps to improve 
healthcare service, which transforms conventional operation in terms of speed, 
quality, and time. The latter are core principles of the service delivery and enacted 
in the conception of on time, right quantity, and place of the supply chain greater 
purpose. Looked at differently, the responses highlight the perceived advantage of 
the class of paediatric innovations, which is a critical factor of adoption and ulti-
mately diffusion; whilst removing perceived barriers of resource scarcity (i.e., 
human capital) and perceived risks of misdiagnosis.

�Efficiency of Human and Technical Support and Cost Savings—Perceived 
Ease of Use, Reduced Barriers, and Complexity

The participant placed more emphasis on efficiency of human resources, upskilling, 
and the amplified technical support that produce high quality results and interpreta-
tions with less data, enabling paediatric radiologists to utilise the support system 
with less effort, thus creating less complexity, whilst improving the attitude of users. 
Consequently, leading to repeat use, adoption, diffusion, and impact of the system 
to children, healthcare service, and specialists.

Insights on the perceived ease of use, reduced barriers, and complexity emerge in 
the following sentiments:

So, you require less data, but you need the expertise of a radiologist. The previous other 
solutions look at quantity whereas we are looking at quality. In terms of quality X-rays, 
we’re feeding the AI or the algorithms with quality because it’s able to now interpret X-ray 
and from saying that’s Tuberculosis (TB) to annotated details showing on an X-ray, i.e., TB 
because I see these signs on an X-ray. CEO
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Using our tool which is called Computer Aided Training (CAT), our education tool/
educational course to upskill specialists in training and consultants, radiologist can work 
with AI, but at the same time they’re learning about paediatric imaging. So, it’s in a gami-
fied way, it’s an education tool and what’s the indirect effect of CAT? It will improve adop-
tion because once you start working with AI, you realise it’s easy. CEO

�Change Management—Perceived Barrier and Risk

The following sentiments reflect insight on the perceived barrier and risk:

Something we realised during this, which is the biggest barrier, was that doctors are afraid 
that AI is going to replace them. Specifically, in Africa or I would say South Africa, there is 
still that mindset and that culture. So, we thought how do we change this narrative? What 
do we need to do? And it is education. It’s enhancing you; you’re becoming better and 
you’re becoming faster. Indirectly, you are adopting but you’re also upskilling. So, that’s 
our second product CAT. CEO

Notably, perceived barrier and risk highlight tension, which if not properly man-
aged, can affect diffusion and impact. In prior analysis, it’s clear that the class of 
frugal innovations provides ways of reducing barriers to infrastructure and limited 
human capital. However, in the subsequent quote, the participant highlighted per-
ceived barriers and risk to diffusion. In particular, relating to change management 
by paediatrics radiologist. The company and its CEO use education as a mitigating 
factor, which appears to increase interest and potentially accelerate adoption, diffu-
sion, and impact.

4.4.2 � Organisational Construct of TOE Framework

The findings here are presented according to the crucial dimensions of organisation 
context for technology adoption.

�Slack Resources, Firm Size and Scope, and Financial Readiness—Impact 
of Internet Protocol (IP) Consumption

The AI-based paediatric radiology company self-funded its business and had to con-
tend with financial barriers vis-à-vis international competitors. Limited financial 
resources constrained the company’s ability to scale up and gave competitors an 
advantage of a market share and visibility. The participant highlighted frustration 
over the market’s cultural orientation that is not towards local innovation due to 
perceived quality and prestige of products. Although the case under study had 
investment promise, the lack of surplus of thereof hinders its ability to buffer against 
environmental and/or humanitarian shocks. Looked at differently, the participant 
reinforced the notion that organisations with a surplus of resources (referred as 
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slack resources in the TOE framework) can outperform their rivals. Unfortunately, 
for the case understudy, creating trade imbalance that resulted in trade deficit. The 
following views reflect the aforementioned findings:

The one thing that intimidated us, and I would say that has been one of the barriers is that 
we funded the company ourselves. In the beginning, we had these competitors who came 
from the United States of America (USA) that were raising over 20 million US dollars. We 
were a company that was founded in Africa and self-funded. Why do we always have to feel 
afraid in Africa and go for a company that’s based in the US and United Kingdom (UK)? 
Only because they’re from the US or UK. They may not have a fantastic product. So, I think 
supporting our own solutions is the best… March 2020 COVID hit and South Africa was 
impacted, Netcare is one of the biggest healthcare groups that invested in us. So, all those 
opportunities that were lined up for us unfortunately had to be diverted towards dealing 
with the crisis. That was the big setback. CEO

�Proactive Technical Orientation—Diversification of Products 
and Business Model

A silent observation of short-term adaptation strategy from the lack of surplus 
resources and limited financial capital by the paediatric radiologist narrative high-
lights the advantage of investors’ network. As a radiologist with networks to hos-
pitals and potential health group investors, the company’s management optimised 
the relationship and humanitarian crisis to its advantage. When the prospective 
investor diverted its funds from the start-up company due to COVID-19 humanitar-
ian crisis, the frugal AI innovators adapted their diffusion approach from the inves-
tor and transaction base model to free open platform that accelerated its market 
penetration and product validity in Intensive Care Units (ICUs) and casualties’ arm 
of the healthcare service supply chain. On the other hand, a proactive technical 
orientation is observed in its pivot strategy from X-ray solutions to COVID-19 
pneumonia AI solution. Thus, leading to accelerated market penetration, increased 
validation, and credibility of products. Pivoting to free offerings placed the case 
under study at a prime position for investors and transactions-based finan-
cial models.

The following sights reflect the above-mentioned findings:

The positive was that we have a chest X-ray solution for pneumonia and our AI was tested 
on ICU X-rays and then here's COVID pneumonia. As a radiologist, I know what COVID-19 
pneumonia looks like. We retrain the product, and you know by the end of April 2020, we 
had a COVID-19 pneumonia AI solution that we shared generally to South Africa. We 
opened up the platform freely available to general practitioners. One of the first sites that we 
piloted our solution used it in their ICUs and their casualties to triage solution. So, 
COVID-19 may have devastated the rest of the world but in terms of technology like ours, 
we were able to pivot, build a better solution. Where it impacted us was where we lost an 
investor that was going to open up opportunities. However, they did come through later on, 
so we were able to actually create a product for COVID-19. So, we were able to grow dur-
ing COVID-19. CEO
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�Management Support—Corporate Expatriation and Globalisation 
of Operations

In lieu of the market’s reaction towards frugal innovations vs. international prod-
ucts, the management’s long-term strategy was to relocate its legal domicile (also 
known as corporate expatriation) to the UK for investors’ confidence and better 
market opportunities. This highlights a double-edged sword for African startups and 
healthcare supply chain. On one hand, it’s an opportunity for corporate expatriation 
to maintain a global appeal by African markets. On the other hand, it is a loss since 
migration of African innovators to international markets for global investors appeal 
and better regulation impacts local economies development from taxes, erosion of 
local expertise, outflow of wealth, job creation, and talent retention.

The following viewpoints reflect the aforementioned findings:

We haven’t left Africa, yes, our Headquarters (HQ) is in is in the UK, but it’s always been 
our vision to democratise access to diagnostic healthcare in Africa. So, whilst we’re not 
headquartered in Africa our focus is still very much on Africa. It's just we're doing it now 
from the UK because we feel that gives us access to more investment and capital as well as 
stability in terms of investors. But in terms of operations, we're still very focused in 
Africa. CEO

4.4.3 � Environmental Construct of TOE Framework

From the case study, several themes pertaining to the environmental construct are 
prominent and are presented here.

�Regularity and Market Structure—Corporate Inversion, Transnational 
Corporations, Globalisation of Healthcare Supply Chain Operations

The critical insight that emerged from the case study includes corporate inversion, 
transnational corporations, and globalisation of healthcare supply chain operations. 
Although interrelated, the latter concepts emphasise, to a particular degree, different 
aspects of frugal AI innovations’ diffusion and impact. Together they elucidate, on 
one hand, organic primary models underpinning the diffusion, operations, success, 
and impact of frugal AI innovations in paediatric radiology healthcare supply chain 
from the environmental construct of the TOE framework. On the other hand, the 
frugal AI innovation in paediatric radiology and its transition to foreign markets 
mediated by regulatory framework and South Africa’s prominent adoption of inter-
national IPs highlights both a positive and negative organisational and environmen-
tal impact to healthcare supply chain.

From the positive perspective, the participant highlighted corporate inversion 
induced by the need for FDA regulation, which led to transfer of legal domicile, 
even though the market focus is Africa. This provides the African frugal innovator 
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superior competitive edge, global status of its operation, transnationality of its 
operations as it appeals to multiple countries and attracts investment opportunities 
far much better than its previous legal domicile in Africa. The negative aspects are 
the outflow of wealth and erosion of expertise, which ultimately limit generation 
of African-based frugal AI intellectual property, as the actors are removed from 
the context of operations which inspired and could continue to elevate the innova-
tions. Consequently, African healthcare supply chain evolution continue to play 
catch-up.

The following views reflect the aforementioned findings:

The unfortunate thing is that Africa doesn’t have their own regulatory, I would say certifica-
tion. They follow the UK (this European) or the American regulation that is the Food and 
Drug Administration (FDA). That is a sad thing as well, right because we started off as a 
South African company headquartered initially in South Africa and then we moved to the 
UK and that’s where our HQ is. We were trying to sell our solution to places in South Africa 
and other African countries and they were buying solutions from Europe or America. For 
us, as an African company, I think that’s sad and that we don’t support each other… If you 
have a regulatory certification recognised like either by the FDA or a CE mark that gives 
you huge advantage cause, then you can market and commercialise your product. However, 
it does limit some innovators because, let’s face it, if you have the capital, you can get an 
FDA or a CE mark very quickly because you can just outsource it to a consulting company 
that helps you get it… it’s a barrier for companies that want to get into the AI space, and that 
again gives you a competitive edge if you want to market it. CEO

First ever African-founded company to receive FDA clearance for an AI device. Website

�Professional Trade and Association—Credibility and Trust, Market 
Impact, Global Adoption

Furthermore, the TOE framework acknowledges the weight of professional trade 
and association to innovation adoption. In the case under study, the authors observed 
reports that allude to WHO endorsement of computer-aided detection (CAD), which 
constitutes one of their product offerings. The latter adds global authority and cred-
ibility of the frugal AI innovations as WHO only endorses products that meet rigor-
ous scientific standards that align with global health priorities. In most cases, the 
endorsement serves as a catalyst for diffusion, adoption, and impact in a global 
healthcare supply chain arena, which unlocks funding opportunities, trust, market 
demand, competitive edge necessary for success. It also highlights ethical approvals 
of the products, which is critical for sustainable development goals for health and 
well-being.

The following opinions reflect the aforesaid findings

WHO has updated its recommendations for TB screening to now include the use of CAD 
applications in chest radiography, according to officials who discussed the update during a 
presentation on March 23 organised by the International Society of Radiology. 
Media reports
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4.5 � Discussion

Numerous interesting findings were discovered from our empirical study. These 
findings are discussed for each of the TOE contexts encompassed in this study, i.e., 
technological context, organisational context, and environmental context.

4.5.1 � Technological Construct Insight for Diffusion 
and Impact

Within the technological context, it was discovered that frugal AI innovations 
address the challenges of scarcity of infrastructure and restricted human capital by 
optimising constrained resources to save time, reduce costs, maximise outputs, 
whilst upholding service quality, scalability, and sustainability of healthcare paedi-
atric value chain. Under the same line of reasoning, the accuracy of frugal innova-
tions assists in the enhancement of healthcare service delivery, which changes 
conventional operations and augments the efficiency of human resources in terms of 
speed, quality, and time, among other issues. Numerous studies have validated these 
stated benefits of frugal innovations in healthcare systems (Sarkar and Mateus 2022; 
Bianchi et al. 2017; Verma 2017).

Frugal AI innovations also alter healthcare services and the conventional opera-
tions of the industry, resulting in agile healthcare supply chain associated with fluc-
tuating degrees of ease of use, compatibility coherent with the requirements of 
paediatric radiologists, perceived relative advantage, and perceived importance of 
compliance. In the same vein, Dranove and Garthwaite (2022) and Choy et  al. 
(2018) postulated that AI is altering production across all sectors of the economy, 
including healthcare. However, it should be noted AI has the potential to both com-
plement and substitute traditional labour inputs (Dranove and Garthwaite 2022). 
Basically, the results highlight the perceived advantage of the class of paediatric 
innovations, which is a critical factor of adoption and ultimately diffusion; whilst 
removing perceived barriers of resource scarcity (i.e., human capital) and perceived 
risks of misdiagnosis.

The study discovered that frugal AI innovations need to be compatible with the 
organisational business processes to promote their adoption and diffusion. This is 
validated by Stjepić et al. (2021) who indicated that new technology should be com-
patible with the existing technology. Further, it has been highlighted that upskilling 
and improved technical support that produce high quality results and interpretations 
with less data are required to allow paediatric radiologists to implement the support 
systems with less effort, thereby creating less complexity, whilst improving the atti-
tude of users. This results in repeat use, adoption, diffusion, and more impact of the 
innovations to the healthcare supply chain. Rao (2023) postulated that even though 
the incorporation of AI can enhance and improve patient results and decrease the 
workload of healthcare experts, there is a requirement for substantial upskilling and 
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of healthcare workers. Even though it is widely documented that frugal innovations 
provide ways of reducing barriers to infrastructure and limited human capital, the 
study exposed that perceived barrier and risks to diffusion need to be managed to 
enhance diffusion and impact. These barriers and risks can be eliminated through 
education that can amplify the interest and possibly accelerate adoption, diffusion, 
and impact.

4.5.2 � Organisational and Environmental Constructs 
for Diffusion and Impact

The study argues that organisational and environmental factors of the TOE frame-
work constitute a make or break of frugal innovation diffusion and impact to health-
care supply chain in Africa. As for the organisational context, it has been discovered 
that, in addition to international competition, African AI-based paediatric radiology 
companies have to fund themselves since they face financial barriers which prevent 
them from growing, thereby giving competitors an advantage of a market share and 
visibility. The lack of surplus resources hinders the companies’ ability to buffer 
against environmental and/or humanitarian shocks. In the same vein, Chakravarty 
propounded that lack of innovation funding is a challenge in South Africa, espe-
cially at the early stages of product development. The authors further articulated 
that, even when funding there, a deterrent comes from the extremely bureaucratic 
processes around its access. The study also discovered that the market’s cultural 
orientation is not towards local innovation due to perceived quality and prestige of 
products. Investors prefer to invest in international companies instead of local com-
panies. This is not surprising since the perception that international brands provide 
superior quality and prestige compared to local products is predominant among 
customers in several African countries (see, for instance, Yeboah-Banin and Quaye 
2021 and references therein). This customer bias can impact investor behaviour, 
possibly resulting in a preference for international companies over local ones.

The study discovered that companies with networks to hospitals and potential 
health group investors can benefit from these relationships, especially in crisis peri-
ods. Also, to enhance technology diffusion, the frugal AI innovators can alter their 
diffusion approach from the investor and transactions-based model to free open 
platform that can accelerate their market penetration and product validity. That is to 
say they can pivot on free offerings to position themselves at prime positions for 
investors and transactions-based financial models. Basically, companies can adopt a 
proactive technical orientation to accelerate their market penetration, increase vali-
dation and credibility of products. Although African firms can relocate to developed 
countries like the US and UK for investors’ confidence, better market opportunities, 
better regulation, and global appeal, it is a loss since migration of African innovators 
to international markets negatively affects the growth and development of local 
economies.
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Within the environmental context, the important views that emerged from the 
analysis incorporate corporate inversion, transnational corporations, and globalisa-
tion of healthcare supply chain operations. These concepts highlight diverse facets 
of frugal AI innovations diffusion and impact. On one hand, they explain organic 
primary models behind the diffusion, operations, success, and impact of frugal AI 
innovations in paediatric radiology healthcare supply chain from the environmental 
construct of the TOE framework. On the other hand, they show frugal AI innovation 
in paediatric radiology and its transition to foreign markets facilitated by regulatory 
frameworks. Klein et al. (2014) (and references therein) validated the issue of regu-
latory frameworks. The transition of frugal innovations to foreign markets high-
points both positive and negative organisational and environmental impacts to 
healthcare supply chain. For instance, from the positive side, corporate inversion 
persuaded by the need for better regulation (although the market focus is Africa) 
provides African frugal innovators with superior competitive edge, global status of 
its operation, transnationality of its operations as it appeals to many multiple coun-
tries and attracts investment opportunities that are much better than their previous 
legal domicile in Africa. However, corporate inversion results in the outflow of 
wealth and erosion of expertise, which ultimately limit generation of African-based 
frugal AI intellectual property. Overreliance on foreign IP, as local creators are dis-
couraged in pursuing frugal innovations, breeds unintended vulnerability and geo-
political tensions in cases of healthcare shocks i.e., humanitarian shocks.

Consequently, African healthcare supply chain evolution continue to play catch-
up. Culturally, corporate expatriation, corporate inversion, and transnationality of 
frugal AI innovations in healthcare lead to loss of identity, whereby foreign innova-
tions overshadow local traditions, eroding cultural uniqueness and frugal innova-
tions. Subsequently, African healthcare system experience prolonged dependence 
on foreign innovations, which creates cultural homogenisation at the expense of 
diversity. Moreover, professional trade and association play a vital role in innova-
tion adoption. For example, WHO endorsed a CAD product of the case study; 
thereby, adding global authority and credibility of the frugal AI innovations. These 
endorsements usually serve as a catalyst for diffusion, adoption, and impact (see, for 
instance, He et al. 2022) in a global healthcare supply chain arena, which unlocks 
trust, funding opportunities, market demand, and competitive edge essential for suc-
cess. Endorsements also highpoint ethical approvals of the products, which are 
important for sustainable development goals for well-being and health.

4.6 � Conclusions

This chapter used expert-interviews in conjunction with the TOE to analyse the dif-
fusion and impact of frugal AI innovations in paediatric radiology within African 
healthcare systems. The study results indicated that frugal AI can, among other 
issues, improve diagnostic capabilities, optimise resource allocation, and bridge 
healthcare disparities. Moreover, the findings of the study exposed the 
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interconnected and interrelated technological, organisational, and environmental 
factors that continuously effect the adoption of frugal AI in paediatric radiology 
supply chain. The study findings inform policymakers, healthcare providers, and 
technologists about leveraging AI to address systemic challenges in the African 
healthcare supply chain systems. There’s a need to strengthen frugal innovations 
through government or industry investment to increase local IP generation and limit 
erosion of expertise to global markets. Policy makers should incentivise frugal inno-
vators with tax breaks and a consented effort in promoting collaborative partnership 
between local and foreign innovators is necessary for market share and skills trans-
fer. Procurement reform is required in healthcare supply chain, especially in terms 
of procurement policies and practices. For example, consideration of local products 
and quality assessment vs. international products. This will guard against trade 
imbalance, talent migration, job creation losses, and trade deficit for African health-
care supply chain. Even though the study has produced interesting results, it can be 
extended by interviewing several frugal innovators in the Africa.
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Chapter 5
Ripple Effect of Using Digital Platforms 
on Supply Chain Governance, Visibility, 
and Trust to Improve Medicine Availability

Ramatu Abdulkadir and Andre Kreie

5.1 � Introduction

Essential medicine shortages in Public Healthcare Supply Chains (PHSC) in devel-
oping countries are of concern to patients and policymakers. The factors contribut-
ing to inadequate medicine provision in hospitals include manual supply chain 
operations (Zuma 2022), inappropriate sourcing strategies, insufficient supply chain 
capacity, and inadequate infrastructure (Ashiwaju et al. 2024; Gakinahe et al. 2024; 
Hwang et  al. 2019). These issues have prompted calls to adopt digital platforms 
(DP) to address stock-out problems and improve access to medicine. Enhancing 
governance structures for health program accountability faces challenges owing to 
limited technology use and inadequate worker skills to operate advanced digital 
platforms (Lugada et al. 2022). Digital transformations in healthcare Supply Chains 
(SCs) necessitate reskilling and upskilling healthcare workers to handle advanced 
technology in supply chain operations, such as demand planning and forecasting, 
procurement, warehousing, transportation management, and order fulfilment 
(Burrell 2017).
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5.1.1 � Adoption of Digital Platforms in African Healthcare 
Supply Chains

Research has explored the application of technology to address the healthcare sup-
ply chain issues in Africa. Overcoming medicine stockouts and enhancing avail-
ability depends on structural dynamics, feedback, and behaviours in essential 
medicine programs (Abdulkadir et al. 2024). The implementation of digital plat-
forms faces challenges due to governance structures and the ability to maintain and 
upgrade these platforms to meet patient needs (Moucheraud et al. 2017). Nigeria’s 
healthcare sector is slow to adopt digital technologies for supply chain services, 
requiring more research to assess the impact of digital platforms (DP) on supply 
chain performance. Some studies have noted improved medicine visibility and 
accountability with digital platforms (Ottih et al. 2018; Sarley et al. 2017); however, 
the broader effects on essential medicine programs remain underexplored. 
Investigating the relationship between DP, governance, visibility, and trust in pro-
viding essential medicines for public health remains insufficient. This study 
addressed two research questions: RQ1: How does the use of digital platforms influ-
ence medication availability in PHSC? RQ2: How do the dynamics of digital plat-
forms concerning governance, visibility, and trust within PHSC affect the delivery 
of medicines to patients? This study examines how adopting digital platforms 
impacts medicine availability, and explores the effects of this adoption on gover-
nance, visibility, and trust.

5.1.2 � Context of This Study

This study investigated the impact of digital platform implementation on Supply 
Chain Governance (SCG), Supply Chain Visibility (SCV), and Stakeholder Trust 
(ST) within the Essential Medicine Program (EMP) of Kaduna State, Nigeria. The 
EMP transformation was initiated in 2016 to provide medicine to over 1000 govern-
ment hospitals using digital technology for demand planning, procurement, ware-
housing, distribution, and order fulfilment from the central warehouse to hospitals 
in 23 local government areas.

5.1.3 � Theoretical Background

The health care sector is a complex adaptive system in which improvement inter-
ventions may cause unintended consequences (Dooley 1997; Sterman 2000). This 
study uses System Dynamics (SD) theory to explore the relationships between DP 
adoption and SCG, SCV, and SCT on EMP medicine availability. System dynamics 
monitors complex system activities over time using stocks, flows, rates, delays, and 
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feedback. This method helps understand policy implementation consequences 
(Sterman 2000) and is ideal for assessing the impact of digital platform intervention 
in EMP by tracking behaviour, feedback, and delays over time in nonlinear complex 
adaptive systems.

5.1.4 � Concept of Digital Platform Adoption in EMP

This study argues that healthcare supply chains benefit from digital technology only 
when integrated with dynamic continuous improvement strategies. Organisations 
viewing digital technology as a panacea may see initial improvements in medicine 
availability but will struggle with subsequent challenges and pressures in complex 
healthcare systems.

The remainder of this paper is organised as follows. Section 2 critically analyses 
existing literature on the use of digital platforms to address medicine stockouts. 
Section 3 describes the research methodology. Section 4 presents the results of this 
study. Section 5 discusses the implications and offers recommendations based on 
the findings.

5.2 � Literature Review

The causes of medicine stockouts in public hospital chains have been explored and 
DP solutions have been proposed to minimise their impact on medicine delivery 
(Table 5.1). Ibeneme et al. (2022) enumerated the challenges with DP integration in 
the African healthcare sector which include the cost, capacity, governance, infra-
structure, resistance to change, and systems fragmentation. The imperative for SCG 
to advocate sustainable digital investments in healthcare supply chains becomes 
evident when considering the prevalence of fragmented digital transformation 
efforts (Gebremeskel et al. 2021; Karamagi et al. 2022; Tambo et al. 2016). The 
necessity of digital interconnectivity has been further highlighted during the COVID 
pandemic, as emphasised by Rinke et al. (2022s). In Nigeria, the use of (DP) for 
supply chain operations is minimal in government-owned hospitals (Onoja et  al. 
2021). Interactions between various stakeholders in the healthcare sector necessi-
tate a holistic digital transformation which provides visibility and access to infor-
mation for all stakeholders to engage in and make decisions in real time.

Research conducted in Africa has explored the use of smartphones for monitor-
ing and tracing health products (Egharevba et al. 2019; Lamanna and Byrne 2019), 
big data, artificial intelligence platforms (Bag et  al. 2023), and drone logistics 
(Wang 2021). The adoption of DP in healthcare networks offers benefits, such as 
cost reduction, increased efficiency, enhanced visibility, and improved customer 
service delivery (Table 5.2).
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Table 5.1  Summary of the causes behind medicine stock outs and proposed digital solutions for 
mitigation across Africa

Authors 
(Year)

Causes of 
medicine 
stockouts

Digital solutions 
proposed Location

Type of 
supply chain Methodology

Zuma 
(2022)

Manual 
processes for 
medicine 
supply

Use of electronic 
stock 
management 
system

South Africa Essential 
medicines

Qualitative 
exploratory
Semi-
structured 
interviews
Thematic 
analysis

Wagenaar 
et al. 
(2014)

Distance from 
central 
warehouse

Innovative 
methods for 
forecasting, 
medicine 
ordering, and 
communication 
among partners

Mozambique Essential 
medicines

Survey
Questionnaire
Statistical 
analysis

Mikkelsen-
Lopez et al. 
(2014)

Inadequate 
supplies

System 
strengthening and 
use of mobile 
health solutions

Tanzania Malaria 
supply chain

Short message 
service
Mobile phone
Statistical 
analysis

Gakinahe 
et al. 
(2024)

Travel distance 
and unsuitable 
storage 
facilities

Improve transport 
and storage 
infrastructure

Rwanda Malaria 
supply chain

Survey
Statistical 
analysis

Hwang 
et al. 
(2019)

Sourcing from 
a single 
company and 
lack of 
visibility

Supply chain 
monitoring

South Africa Antiretroviral 
and TB 
medicines 
programs

Survey
Telephone

Leung et al. 
(2016)

Inadequate 
inventory 
management 
policies

Strengthen 
forecasting 
capabilities

Zambia Essential 
medicines

Survey
Modelling 
and 
simulation

Abdulkadir 
et al. 
(2024)

Inefficient 
procurement 
and inventory 
management 
practices. 
Inadequate 
supply chain 
capacity

Shared digital 
platforms, pooled 
procurement, and 
knowledge 
sharing

Nigeria Essential 
medicines

Mixed 
method
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Table 5.2  Digital platforms used in African public healthcare supply chains

Authors 
(Year)

Digital 
product

Digital 
product 
objective

Study 
objective Location

Supply 
chain focus Methods

Egharevba 
et al. 
(2019)

Logistic 
management 
information 
system

Track and 
trace 
medicines

Evaluate the 
capability of 
the 
information 
system

Nigeria All health 
products

Pilot study, 
field work

Bag et al. 
(2023)

Use of big 
data and 
artificial 
intelligence 
platform for 
decision-
making

Capacity and 
resource 
management

Examine the 
effects of 
collaborative 
platform on 
absorptive 
capacity of 
omni-channel 
processes

South 
Africa

Omni-
channel 
supply 
chain

Questionnaire

Lamanna 
and Byrne 
(2019)

Mobile 
health 
solution

Report 
vaccine 
stock in 
real-time

Vaccine 
supply chain 
optimisation

Zambia Vaccine 
supply 
chain

Track vaccine 
stock data

Wang 
(2021)

Drone 
services

Delivery of 
medical 
products

Ethical 
consideration 
and impact of 
drone usage 
in healthcare 
SCs

Malawi Laboratory 
products

Field study

Sato 
(2023)

eHealth 
solution

Direct 
delivery of 
vaccine to 
manage 
stock outs

Cost analysis 
of vaccine 
program

Nigeria Vaccine 
supply 
chain

Review of 
expense 
reports

Shieshia 
et al. 
(2014)

Mobile 
health 
solution

Community 
stock 
reporting 
tool

Supply chain 
performance

Malawi Community 
health

Mixed 
methods

5.2.1 � Supply Chain Governance

Provan and Kenis (2008) categorised network governance models by their auton-
omy level. Autonomous networks operate without external controls, semi-
autonomous networks are managed by a leading organisation within the network, 
and dependent networks are governed by an external entity. In the context of this 
research, SCG is defined as a collaborative network of organisations striving to 
achieve a common objective of customer satisfaction, while simultaneously pro-
moting inclusivity, adaptability, and efficiency through the utilisation of digital 
technology. In this context, the role of DP in supply networks is to mitigate the risks 
inherent in each governance model by promoting the active participation of internal 
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and external stakeholders in decision-making processes. The employment of digital 
communication platforms enhances the efficiency of the SCG by fostering greater 
transparency and accountability, thereby bolstering the SCT between government 
and hospital managers for EMP.

The perception of mistrust and mismanagement of funds for EMP has hindered 
government investment, resulting in the exacerbation of bottlenecks to access funds 
and ultimately leading to medicine stockouts (Abdulkadir, 2024). Healthcare supply 
networks can benefit from using both formal and informal governance instruments 
to enhance service delivery performance, as demonstrated by Martins et al. (2020). 
The use of governance instruments, such as supply chain trust, negotiations, and 
contracts, can help guide supply chain relationships and create value for the network 
(Ghosh & Fedorowicz, 2008). Research has shown that the adoption of DP is more 
effective when hospital chains implement a centralised governance framework, 
which enables better monitoring and tracing of medications and ultimately improves 
performance (Zhu et al. 2022). Thus, the governance structure of hospitals’ supply 
networks must be supported by the DP to facilitate information sharing and improve 
decision-making for demand and supply planning to foster trust in the system.

5.2.2 � Supply Chain Visibility

Barratt and Oke (2007) defined SCV as the degree of quality information sharing in 
a supply network for improved performance. SCV in healthcare organisations 
encompasses the gathering and examination of data for supply chain operations 
such as the tracking and tracing of pharmaceuticals (Bvuchete et al. 2018). The use 
of digital technology to capture information, such as radio frequency identification, 
barcodes, and quick response codes, improves the visibility of medicine products 
and decision-making (Bvuchete et  al. 2018; Musa et  al. 2014). The provision of 
real-time visibility of health products facilitates the identification of waste within 
healthcare systems, thereby placing pressure on managers and policymakers to 
enhance transparency and accountability in the management of financial resources 
(Finkenstadt and Handfield 2021). The necessity to incorporate DP into public 
healthcare systems arises because of the intricate nature of these systems, which 
involve numerous stakeholders, and the requirement to stay and respond to evolving 
healthcare needs (Tiwari et al. 2024). Hence, DP supports the collection, analysis, 
and sharing of critical supply chain information between network partners to make 
informed decisions that determine the availability of medicines.

5.2.3 � Supply Chain Trust

Trust in the supply chain denotes confidence in the reliability of business partners, 
expecting their actions to be advantageous rather than harmful (Mayer et al. 1995). 
Supply chains are vulnerable to attacks from competitors or malicious third parties 
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as any partner within the network can be targeted. Enhancing trust requires the 
cooperation of all stakeholders, including customers. Therefore, data within the 
supply network must be safeguarded against misuse and breach. To build trust in 
supply chains, governments should invest in improving the information and tech-
nology infrastructure and advocate the adoption of blockchain technology (Kshetri 
and Voas 2019; Musamih et al. 2021; Panda and Satapathy 2021).

Ineffective communication and information sharing among stakeholders has led 
to counterfeit medicines in developing countries, significantly threatening patient 
health and safety (Kritchanchai 2014). Information flow with products builds trust 
and improves communication and product distribution (Ghosh and Fedorowicz 
2008), whereas digital platforms strengthen interbusiness connections and enhance 
performance (Kim and Lee 2021). Consequently, research indicates that trust aids 
the adoption of digital technologies, whereas digitalisation enhances relational 
assets, thereby improving business performance.

5.2.4 � Research Gaps

The literature indicates that DP adoption has a positive impact on information shar-
ing and visibility (Egharevba et al. 2019; Lamanna and Byrne 2019). However, no 
study has investigated the dynamic effects of technology adoption on public health 
supply chains. While Ibeneme et al. (2022) highlighted capacity, governance, and 
systems resistance as factors affecting DP adoption, they did not explore the ripple 
effects of these elements on medicine availability. This study aims to address these 
gaps by applying system dynamics methods to analyse the various factors that influ-
ence digital platform adoption and medicine availability in a multi-stakeholder 
medicine supply chain.

5.3 � Methodology

Document reviews and in-depth interviews were conducted with EMP teams across 
five healthcare organisations in Kaduna (Table 5.3). All organisations fulfilled the 
selection criteria of being publicly funded and operating an essential medicine pro-
gram with digital implementation maturity levels (Duncan et  al. 2022). See 
Appendix A.1 for DP maturity assessment.

Twenty-two experts with more than 5 years of experience in EMP were selected 
from the five supply chains (Table 5.4). Transcripts from the interviews were doc-
umented and transcribed using Otter software. The transcripts were refined and 
analysed using quotation analysis to identify cause-and-effect statements 
(Abdulkadir 2024; Abdulkadir et al. 2024; Tomoaia-Cotisel et al. 2022). Vensim 
PLE plus 2024 was used for modelling and simulation using the Sterman (2000) 
distribution model.
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Table 5.3  Case descriptions with digital tools and maturity levels

Case descriptions Type of EMP

Local 
government 
area Digital tools

DP 
maturity 
level (%)

SC1: Kaduna state 
health supplies 
management agency

General and 
specialist care 
medicines

Kaduna south Microsoft azure, 
Msupply, SMS 
platform, cash 
collection platform

86

SC2: National ear 
care Centre

Specialist ear, 
nose, and throat 
medicines

Kaduna north Microsoft excel 14

SC3: Ahmadu Bello 
University

General and 
specialist care 
medicines

Zaria Hospipharm software 14

SC4: Federal 
Neuropsychiatric 
Hospital

Specialist eye 
care medicines

Kaduna south Manual system with 
occasional use of 
Microsoft excel

14

SC5: National eye 
Centre

Specialist 
psychiatric care 
medicines

Kaduna south Hospipharm software 14

Table 5.4  EMP experts interviewed on digital technology adoption

EMP interview experts SC1 SC2 SC3 SC4 SC5 Total

EMP managers 1 1 1 1 1 5
Logistics officers 2 1 1 1 1 6
Sourcing managers 1 1 1 1 1 5
Medicine suppliers 2 1 1 1 1 6
Total 6 4 4 4 4 22

5.4 � Findings

Findings from this study showed that SC1 had the highest level of digital platform 
adoption, with 95% of the participants explicitly identifying collaboration, infor-
mation sharing, visibility, trust, and data-driven operations as crucial for an 
improved 75% medicine availability (Table 5.5). The medicine availability in SC2 
was 65%, 75% in SC3, 65% in SC4, and 45% in SC5. Although there was a 100% 
consensus on the need for digital information sharing across all organisations, part-
ner collaboration was the least developed variable across SCs, except SC1, which 
has advanced collaboration with partners due to the implementation of digital 
transformation, integration of platforms, and capacity-building of cross-functional 
teams. Information sharing is recognised across all SCs as integral to improving 
performance and reducing medicine stock outs. The adoption of digital platforms 
has increased the collaboration between EMP network partners. The 100% score 
on data-driven decisions by SC3 shows that information sharing takes place only 
internally, as the organisation has 0% partner collaboration. The relationship with 
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partners was mainly transactional which could be responsible for its lowest medi-
cine availability score of 45%. SC5 had a 0% score for partner collaboration, with 
a marginal improvement in medicine availability of 50%. See Appendix A.2 for the 
sample quotation analysis for the model simulation and model formulas.

5.4.1 � Effects of DP on Supply Chain Governance

The operational processes of demand planning, forecasting, and supply planning 
were conducted using a cloud-based system in SC1. SC2 uses Excel software for 
data collection and demand planning, whereas SC3 uses hospital pharmacy soft-
ware for inventory management which is not connected to the Internet. SC4 oper-
ates a manual system, whereas SC5 uses electronic medical record software for 
inventory management at the point-of-care (Fig.  5.1). Only SC1 operates a 

Fig. 5.1  Quotations on digital adoption strategies in EMP supply chains
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Fig. 5.2  SC1 integrated digital platform

cloud-based interoperable supply chain system which supports superior perfor-
mance compared to the other four supply chains. There are some marginal benefits 
with the use of siloed software as compared to manual operations in the prevention 
of medicine stockouts, but the lack of an integrated platform leads to information 
asymmetry and deepens mistrust between partners. 

Procurement, inventory management, warehousing, order management, and 
order fulfilment are all operated manually in SC2, SC3, SC4, and SC5, except in 
SC1 where Electronic Procurement (e-procurement) and warehouse management 
software are used for inventory management. SC1 uses mobile short message ser-
vice codes to collect, analyse, and visualise a business-intelligence platform 
(Fig. 5.2). The platform connects all EMP managers and operation staff and allows 
communication and information sharing with customers, suppliers, service provid-
ers, stakeholders, and policymakers. 

5.4.2 � Effects of DP on Supply Chain Visibility

SC1 higher technology adoption rate led to increased demand for digital capacity, 
information sharing, and integration of DP with partners, as shown in Fig. 5.3. The 
reinforcing loops of digital performance, information sharing, and digital integra-
tion are balanced by the need for capacity-building. Visibility derived from the use 
of technology platforms empowers healthcare workers to participate in the 
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Fig. 5.3  Digital performance dynamics and increased demand for digital capacity

order-fulfilment process. Shaping the state government’s policies toward a more 
digitally inclusive approach. Staff have been trained in digital data collection and 
analytics for demand-driven supply chains. The use of data analytics for the replen-
ishment of medicines has reduced waste and medicine expiries. Data-driven demand 
and supply planning ensures prudent allocation of scarce resources. Cloud-based 
platforms require a digital supply chain governance framework. 

Over 400 staff in 23 local government areas communicate and share information 
in real-time to ensure timely medical deliveries to hospitals. The findings of this 
study indicate that adopting technology platforms significantly affects supply 
chains. SC1, which had the highest technology adoption rate, experienced fewer 
medicine stockouts and higher customer service levels than did the other four cases 
with lower technology adoption rates.

5.4.3 � Effects of DP on Supply Chain Trust

The adoption of DP in SC1 increases the need for digital supply chain auditing and 
tracking of funds. SC1 tracks medicines and funds from warehouses to all hospitals, 
leading to increased transparency and accountability in resource management. 
Information sharing with partners and stakeholders increased trust, leading to higher 
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investment from the government in digital infrastructure. The government acquired 
and maintained a business-intelligence platform for SC1. Investments were made in 
digital capacity-building for all SC1 staff members. The SCI also engaged in the 
training of over 400 hospital staff in digital technology use for data collection and 
order management. The diffusion of knowledge within the SC1 system was very 
high compared to SC2, SC3, SC4, and SC5, which are fragmented systems that 
hinder the seamless flow of information and products. Price transparency in SC1 is 
demonstrated by the monthly online publication of medication prices for over 1000 
government hospital. These publications increase trust, transparency, and visibility, 
allowing patients to plan and manage their own health. The capacity to monitor and 
track medicines and transactions across the supply chain enhances public trust in 
government.

5.4.4 � The Effect of Digitally Enabled Governance, Visibility, 
and Trust in Medicine Availability

Integrating digitalisation into a continuous improvement plan enhances governance, 
visibility, and trust and increases medicine availability in SC1 by 24,000  units, 
achieving 100% of the desired medicines at week 100. Conversely, SC2, SC3, and 
SC4 had 11,379 units, covering 47% of the desired medicines owing to fragmented 
systems. SC5, however, is currently stocked out (see Fig. 5.4).

The adoption of DP improves trust through enhanced information sharing and 
data-driven decision-making, thereby increasing the availability of medicine. 
Stakeholder trust at 100 weeks was 96% in SC1, 30% in SC2, SC3, and SC4, and 
10% in SC5. Trust reduces uncertainty and the bullwhip effect (see Fig. 5.5).

Fig. 5.4  Improved medicine availability with the adoption of digital platform
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Fig. 5.5  Digital platform adoption increases stakeholder trust

5.4.5 � Ripple Effects from DP Adoption

The findings from this study show that the SC1 use of DP leads to various ripple 
effects within the healthcare system and across industries. Table 5.6 outlines the 
cross-industry effects of SC1 DP interventions.

•	 The adoption of DP for SC1 increased the use of advanced technologies, such as 
drone delivery of medicines, cloud computing, electronic procurement, control 
towers, demand for digital skills, demand for digital technology policies, and 
incentives.

•	 There is an increased demand to build the capacity of healthcare workers and 
network partners in digital supply chain governance, network master coordina-
tion, cloud-based solutions, customer relationship management, and drone 
logistics.

•	 Pressure to promote transparency and accountability by adopting electronic pro-
curement, supplier relationship management, supplier integration, and digital 
supply chain governance.

•	 Increase demand for on-time medicine delivery to hospitals and end-user 
visibility.

•	 Increased demand for capacity-building and DP adoption by SC2, SC3, SC4, 
and SC5.
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Table 5.6  Effects of DP implementation across ministries and industries in SC1

Ministries and 
industries Effect of DP implementation

Justice Establish partnership agreements with donors and third-party service 
providers, such as those involved in drone logistics and pharmaceutical 
manufacturing, digital platform enterprise

Legislation Establishing new regulatory frameworks to facilitate the integration of 
digital platforms in healthcare supply chain management

Education Undertake new collaborations to educate specialists in DP competencies 
and proficiencies, commence instruction in logistics and supply chain 
management

Telecommunication Enhance the digital infrastructure to extend coverage to remote areas and 
villages

Security services Undertake the engagement of security agencies to guarantee the secure 
delivery of pharmaceuticals to areas that are challenging to access and 
remote locations

�SC1 Drone Delivery of Medicines

Enhanced technological capabilities accelerate the adoption of advanced drone ser-
vices in SC1. The integration of third-party drone services signals supply chain matu-
rity. The implementation of a digital governance framework aids in drafting and 
adopting laws that support autonomous product delivery. Additional impacts include 
technology knowledge transfer, economic growth, research and development, highly 
skilled drone professionals, increased collaboration with supply chain stakeholders, 
and improved supply chain resilience. Reducing greenhouse gas emissions and pro-
moting eco-friendly instant logistics can lead to cross-industry adoption.

�SC1 Electronic Procurement

E-procurement in SC1 shortens procurement cycles and diversifies suppliers to 
include both local and national participants. Manual medicine procurement in pub-
lic health supply chains is cumbersome and resource intensive. Transitioning to DP 
for electronic procurement broadens the supplier reach.

�SC1 Network Master Coordination

As a network master, SC1 oversees planning, procurement, logistics, and inventory 
management to enhance the system resilience. This role supports hospitals in sens-
ing, collaborating, optimising, and resolving network issues, such as facilitating 
accountable stock transfers between hospitals.
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�SC1 Digital Supply Chain Capacity Improvement

SC1 partners with digital solution providers to improve network capabilities and 
extend services to hospitals statewide. Healthcare workers, typically not digital 
experts, need basic technical skills to use systems effectively. Integrating digital 
skills into healthcare education ensures a consistent supply of skilled personnel and 
reduces staff turnover by enhancing job satisfaction. These challenges have 
prompted SC1-university collaborations to facilitate learning dissemination.

�SC1 Digital Supply Chain Governance

Implementing digital platforms (DP) in healthcare supply chains necessitates a new 
governance framework because of their novelty and the need for healthcare worker 
reskilling and upskilling. Utilising mobile technology and short message services 
for data collection and demand-driven planning to minimise expiries reduced medi-
cine stockouts, but caused system tensions, ripple effects, and heightened demand 
for visibility and partner collaboration.

5.5 � Implications and Recommendations for Supply Chain 
Management Practices in Africa

Adopting DP and enhancing supply chain processes improves medicine availability. 
Healthcare organisations should implement innovative digital strategies to ensure 
the provision of medication and achieve Universal Health Coverage. DP adoption 
boosts supply chain resilience and allows for advanced technology integration 
including drone logistics, e-procurement, network coordination, digital 
capacity-building, and digital governance. Furthermore, five key players from 
industries beyond healthcare were identified along with their roles in fostering the 
digital transformation of public healthcare. Supply chains adopting technology ben-
efit from digital platforms and recognise the necessity for further digitalisation of 
operations and processes. This aligns with Ibeneme et al. (2022), who assert the 
need for additional resources to enhance optimisation and capacity development. 
Addressing the complexities and uncertainties of digital healthcare transformation 
requires a flexible and evolving approach. University-industry collaborations are 
advantageous because they provide access to knowledge, skilled professionals, and 
sustain digital projects through human resource capacity.
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The development of efficient and secure transportation methods led SC1 to 
collaborate with a third-party drone service to reduce hospital delivery times, 
underscoring the study’s main finding that organisations must continually improve 
to effectively manage the impact of digital platforms. The acquisition of DP does 
not guarantee the improved availability of essential medicines, as demonstrated 
by the disjointed digital chains in SC2, SC3, SC4, and SC5. This fragmentation 
arises from insufficient partner collaboration and inadequate financial support 
from the government as highlighted by Gebremeskel et  al. (2021), Karamagi 
et al. (2022), and Tambo et al. (2016). The answer to the first research question 
revealed that digital platforms (DPs) reduce stockouts and enhance medicine 
availability through better partner collaboration. The answer to the second 
research question highlights that DP implementation requires a digital gover-
nance framework, capacity-building, collaboration, innovative coordination, and 
continuous improvement to sustain third-party relationships and improve trans-
parency, accountability, and medicine availability.

Essential medicine programs that are unable to implement digital governance 
or meet capacity development demands in digital transformation will likely face 
ongoing medical shortages and eroding public trust. This study suggests that 
SC2, SC3, SC4, and SC5 should utilise SC1’s digital resources to reduce digi-
talisation costs. Dooley (1997) posits that organisations improve existing prac-
tices (first-order change), alter their operations (second-order change), or either 
adapt or perish (third-order change). For successful digital transformation in 
PHSCs, continuous adaptation to evolving system requirements is essential to 
meet customer expectations. This study aids managers, policymakers, donors, 
and investors in understanding the impacts of digital transformations, support-
ing medicine programs in addressing emerging needs and managing unintended 
consequences. It also helps healthcare stakeholders comprehend the broader 
effects of interventions on sectors such as education, policy, telecommunica-
tions, and transportation.

�Appendices

�Appendix 1

Digital maturity framework assessment for SC1, SC2, SC3, SC4, and SC5
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�Appendix 2

SC1 EMP manager interview quotation analysis on DP adoption
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Appendix 3

EMP model simulation variables and formulas for DP adoption
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Chapter 6
Healthguider: A Master Healthcare Supply 
Chain File and Database System

Frank Ranganai Matenda, Marcia Mkansi, and Phumeza Saliwe

6.1 � Introduction

Access to healthcare is a vital human right (Hashemi et al. 2020; Peprah et al. 2020) 
and it is one of the objectives of the global health development agenda. However, 
attaining this goal is a substantial problem in many African economies as a result of 
restricted resources, systemic inefficiencies and infrastructural limitations. In the 
same vein, Yenet et al. (2023) propounded that financial restrictions, scarce human 
resources, high cost of existing medications on the market, manual consumption 
prediction, poor inventory management, inadequacies in drug registration and trade-
associated issues of intellectual property rights agreement regulations are some of 
the challenges African countries face when it comes to the obtainability of vital 
medicines. Interestingly, one of the most serious matters within the African health-
care sector is the inadequacy of traditional booking and appointment systems, which 
are usually paper-based (Mavuso et al. 2023; Ramutumbu et al. 2023; Yenet et al. 
2023). These systems are prone to delays, errors and mismanagement, hampering 
timely patient care and accounting for poor health results (see, for instance, Mavuso 
et al. 2023; Jimma and Enyew 2022). Further, paper-premised systems find it diffi-
cult to deal with the swelling patient load related to urbanisation, population growth 
and increasing appearance of chronic diseases in Africa.
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Generally, for daily processes, institutions are contingent on appointments and 
scheduling (Pariyar et al. 2023). Interestingly, methods of scheduling appointments 
are cautiously changing. Institutions are now moving from paper-based systems to 
all-in-one paperless booking and appointment systems. The move to paperless sys-
tems agrees with global attempts to digitalise healthcare and achieve the United 
Nations Sustainable Development Goal 3, which aspires to promote healthy lives 
and enhance well-being for all people (Peprah et al. 2020). The dawn of all-in-one 
paperless booking and appointment systems provides a transformative solution to 
the challenges posed by paper-based systems (see Jimma and Enyew 2022 and ref-
erences therein). Such systems take advantage of digital technologies to streamline 
appointment scheduling, lessen administrative loads and enhance patient data man-
agement; thereby promoting effectiveness and augmenting the patient experience. 
Moreover, these electronic systems offer vital data analytics abilities, allowing 
healthcare providers and policymakers to make informed verdicts and optimise 
resource allocation.

Africa has distinct healthcare settings which are characterised by a combination 
of urban and rural settings (see Norris et al. 2022). This further highlights the dire 
need for innovative digital solutions. Non-existence of physical infrastructure and 
long travel distances to clinics in rural areas (Peprah et al. 2020; Lu et al. 2010) can 
discourage patients from looking for medical care timeously. For instance, digital 
systems that allow remote appointment scheduling can address these challenges, 
thereby enhancing accessibility by underserved populace. In urban areas, where 
healthcare amenities are usually congested, paperless systems can alleviate bottle-
necks by eliminating waiting times and promoting effective and efficient manage-
ment of patient flows.

Nevertheless, the implementation of the paperless systems in different parts of 
the world faces distinct challenges such as restricted internet penetration, high costs 
of technology adoption and resistance to change among healthcare staff (Jimma and 
Enyew 2022; Tsai et  al. 2020). Africa is not an exception. In South Africa, 
Healthguider, an innovation that provides an all-in-one paperless booking and 
appointment system and mobile application to streamline clinic operations, saving 
resources and time, was introduced. Its integrated features include ticketing system, 
patient diagnosis, billing and switching, tele-medicine, stock management system, 
medication reminders, patient referrals/medical check-ups, and access to doctors. 
Basically, it provides efficient appointment scheduling, patient diagnosis and man-
agement, automated prescription management, and centralised medical data and 
insights. However, access to the healthcare value chain remains the primary obsta-
cle for Healthguider in South Africa. This chapter explores the necessity of all-in-
one paperless booking and appointment systems in Africa’s healthcare sector, 
analysing the benefits, technical structure, impact, and opportunities and challenges 
of Healthguider.

This chapter is structured as follows. Section 2 outlines the review of literature, 
and Sect. 3 outlines the methodology adopted in the study. In Sect. 4, study results 
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are presented. Section 5 concludes the study and presents the implications and 
opportunities for further research.

6.2 � Literature Review

Healthcare remains a pressing global issue (Peprah et  al. 2020). How to deliver 
healthcare and make it accessible is an issue of concern. Equitable access to health-
care for all people is a vital tenet of each healthcare system (Peprah et al. 2020). 
Generally, there have been rigorous attempts to reinforce healthcare systems glob-
ally. To promote equitable access to quality healthcare for all people, countries have 
been adopting technologies that are transforming the healthcare sector. Interestingly, 
countries have been witnessing a huge shift from paper-premised health records to 
electronic records since the 1990s. Among other issues, paper-premised systems 
utilise greater space and, specifically, delay access to appropriate medical care 
(Jimma and Enyew 2022). Further, paper-based systems are subject to physical 
damage, misplacement, human error and theft (Alsanad et al. 2023). Of late, hospi-
tals and clinics have been implementing paperless systems such as master file and 
database systems commonly referred as Enterprise Resource Planning (ERP) sys-
tems to streamline their operations.

With growing recognition of the significance of seamless data integration across 
various departments, ERP systems have become vital for promoting operational 
efficiency (Kulkarni et al. 2023). ERP systems promote reliable access to informa-
tion throughout the whole institution by allowing integration of data from diverse 
departments (Al-Assaf et al. 2024). Usually, an ERP system has numerous function-
alities such as finance, purchasing, accounting, human resources, manufacturing 
and sales (Mladenova 2020). Al-Assaf et al. (2024) postulated that the integration of 
different departments promotes better strategic planning and decision-making. 
Interestingly, since their first introduction in the 1960s, ERP systems are continuing 
to advance and with the advent of technologies such as artificial intelligence they 
won’t stop developing (Mladenova 2020). Chiarini et  al. (2018) examined ERP 
implementation in public healthcare and discovered that its benefits can be catego-
rised into four: stakeholders’ satisfaction, patients’ satisfaction, operations effi-
ciency, and strategic and performance management. However, the authors (Chiarini 
et al. 2018) further opined that the complication of the project, process reengineer-
ing and staff’s participation can obstruct ERP implementation in public healthcare. 
Almajali et al. (2016) proffered that implementing ERP system fruitfully is complex 
and expensive, and regularly results in high disappointment rates and abandonments 
as a result of the need to fit with the social or business culture.

Generally, paperless systems enhance health care improvement in quality patient 
safety, patient care and cost reduction by offering easy access to medical data 
(Jimma and Enyew 2022). They offer instant access to the patient records to all 
service providers in the healthcare chain, thereby allowing them to offer precise and 
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unswerving care (Alsanad et  al. 2023; Adler-Milstein and Bates 2010). Alsanad 
et al. (2023) also indicated that specialists, general practitioners and other health-
care providers within a facility can monitor a patient’s records in real time, minimis-
ing the risk of errors in analysis and decision-making. Further, Alsanad et al. (2023) 
showed that paperless systems promote continuous information transfer, allowing 
patient health data to be easily shared between hospitals or clinicians. Basically, 
paperless systems provide enormous and simple methods of storing, retrieving, and 
distributing data in healthcare management.

Despite great advances in technology in the healthcare sector, implementation 
and adoption challenges continue. Tsai et  al. (2020) propounded that resource 
restrictions, inadequate/poor training and educational/technical support for users, 
and poor literacy and skills in technology are some of the obstacles to the adoption 
and use of the paperless systems. Jimma and Enyew (2022) identified technical, 
financial, time, legal, organisational, psychological, and social barricades to the 
acceptance of electronic medical records from the perceptions of nurses and physi-
cians. Moreover, these paperless systems are exposed to cyber-attacks, accidental 
modifications, accidental and/ or unauthorised access (see, for example, Alsanad 
et al. 2023; Javaid et al. 2023). The existing literature also indicated that the perfor-
mance of these systems can be reduced as databases grow, hence scalability issues. 
All these heightened interest on the technical structures that underpin these systems.

6.3 � Methodology

This study used semi-structured interviews to examine the benefits, technical struc-
ture, impact, and opportunities and challenges of Healthguider. Healthguider is a 
South African innovation that encapsulates an all-in-one healthcare supply chain 
file and database system. The benefits, technical structure, impact, and opportunities 
and challenges of Healthguider influences its effective diffusion among downstream 
and upstream healthcare supply chain stakeholders.

6.3.1 � Healthguider Context

The Healthguider innovation is particularly crucial as it is one of the master file and 
database systems or ERP systems. Healthguider revolutionises healthcare by inte-
grating electronic medical records abilities with a patient-focused mobile applica-
tion, dealing key problems such as inefficient patient flow, fragmented records and 
high operational costs. Healthguider improves provider efficiency, patient satisfac-
tion and data security by centralising patient information, automating processes and 
providing real-time access. This user-friendly and compliant platform allows 
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patients to take an active role in managing their health, promoting a more connected 
and streamlined healthcare experience. Healthguider target market includes inde-
pendent doctors, clinics, specialists seeking digital tools for patient care, nurses, 
laboratories, and pharmacies. ERPs have been introduced to a myriad of sectors like 
education, retail, finance, healthcare, insurance, and hotel chains (Shehab et  al. 
2004). Interestingly, the success rates of ERP systems are low (Garg and Agarwal 
2014; Dezhar 2012; Huang et  al. 2004), especially in public healthcare supply 
chain. However, the implementation of ERP systems in downstream and upstream 
healthcare supply chain stakeholders can offer benefits and intelligence necessary 
for fostering partnerships and stakeholders’ intention to implement.

6.3.2 � Data Collection

We used semi-structured interviews with the founder and co-founder of Healthguider 
a South African start-up servicing healthcare supply chains. Semi-structured inter-
views were adopted due to the exploratory nature of the study (Patton 2002). Semi-
structured interviews allow reciprocity between the participant and interviewer 
(Galletta 2012). This allowed the participant to provide varied responses and the 
interviewer to make follow-ups on certain issues and to observe the verbal expres-
sions of the participant. The founder has 5 years in business development, as an UI/
UX software analyst, 7 years plus in software development environment, and has a 
diploma in computer system engineering and master’s in computer science. 
Supporting the founder are four employees, i.e., chief financial officer (CFO), data 
analyst, business administrator, and scrum master. The CFO has 7 years’ experience 
in accounting, auditing, business development, and has a Bachelor of Technology in 
Internal Auditing. The data analyst led sales and has a degree in Economics and 
Statistics.

The business administrator is a bookkeeper and the scrum master, who is a soft-
ware developer, has a master’s in computer science. The founder and co-founder 
were purposively selected as they are the key architects of the innovation’s technical 
structure. They are at the forefront of its implementation in South Africa and 
Democratic Republic of Congo (DRC). The two separate interviews lasted an hour 
and half, with a complimentary pitch deck presentation and technology demonstra-
tion. Purposive sampling was implemented to select the participants. Purposive 
sampling better matches the sample to the objectives and aims of the study, thereby 
enhancing the robustness of the study and reliability of the data and results (Campbell 
et al. 2020). Thematic content analysis was used to interpret patterns, gain nuanced 
understanding of how they emerge and identify implications thereof. The latter 
approach is endorsed by advocates of content analysis (see Maier 2017).
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6.4 � Findings

The study findings are presented in this section.

6.4.1 � Challenges Addressed by the Healthguider Innovation 
and Its Benefits

Participants in the study propounded that the Healthguider innovation addresses the 
challenge of uncoordinated, and in most cases, manual processes of the public 
healthcare supply chain, which remains one of the greatest challenges in South 
Africa. The insight from the founder reveals a huge healthcare market for the inno-
vation in both public and private systems, with the latter using fragmented systems. 
In public healthcare systems, most processes are manual, consequently creating 
bottlenecks in service delivery from poor patient experience, delayed patient sched-
uling, data silos, increased costs, poor medical audits, to redundant efforts whereby 
different healthcare centres perform similar tasks leading to resource inefficiency, 
i.e., redundant and duplication of efforts. Further, the participants highlight chal-
lenges relating to patients’ adherence to medical prescriptions. This argument is 
supported by the following quote:

$218.7 million mhealthcare market, but we still have a problem of patient scheduling and 
manual processing and in clinics, there’s a prolonged delay that has compromised medical 
audits. This increases patient risk and furthermore, we try to solve a problem of medication 
adherence. In South Africa, between 50% and 60% of patients with chronic conditions fail 
to adhere to prescribed medication as reported by of the South African Journals and there is 
a huge pool of electronic medical records (EMR) systems, but organisations store them 
locally and isolated systems are one of the biggest problems. Founder

The Healthguider innovation, mobile and web applications, adopt an integrated 
approach that can provide healthcare centres a harmonised process to minimise 
redundancy, whilst improving communication and data sharing. The application has 
the possibility to establish central authority in healthcare supply chain processes 
necessary to foster the culture of stakeholder collaboration, improve efficiency, 
reduce costs, and enhance patient experience and high-quality service. The empha-
sis on patient health management is notable, creating shared responsibilities between 
patient and healthcare facilities. This argument is supported by the following quote:

Healthguider revolutionises healthcare by integrating EMRs capabilities with patient 
focused mobile application, it deals with key challenges like fragmented medical records, 
inefficient patient flow and high operational cost by centralising patient data, automating 
tasks and enabling real-time access. Healthguider enhances provider efficiency, patient sat-
isfaction and data security. The seamless compliant platform empowers patients to manage 
their health, proactively, create a more connected and efficient healthcare experi-
ence. Founder
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6.4.2 � Technical Structure of the Healthguider Innovation

Through an integrated, streamlined, and multi-functional digital platform, the inno-
vation provides significant supply chain implications across various healthcare 
domains. From the downstream chain, it offers opportunities for operational effi-
ciency that can reduce costs associated with multiple platforms, whilst improving 
speed and accuracy of service delivery. The automation of prescription management 
can elevate patient experience through its seamless interface whilst offering person-
alised experience across multiple touchpoints and responsiveness. The upstream 
chain can optimise the innovation for analytics and intelligence necessary for creat-
ing agile and quick decision-making in transfers of patients, referrals, service flows, 
and patient processing times, invoicing etc. Furthermore, the public healthcare sup-
ply chain can enhance interoperability of its technological infrastructure to ensure 
proper alignment of application programming interfaces and standardise protocols 
for compatibility and cross functional collaboration, efficient appointment schedul-
ing, patient diagnosis and management, automated prescription management, and 
centralised medical database. The quotes that support this are as follows:

The innovation offers efficient appointment scheduling, patient diagnosis and management, 
automated prescription management, centralised medical data and insights. We have two 
platforms, a mobile application and cloud practice management system (PMS) …. 
Regardless of whether the patient moves from Gauteng to Cape Town, that patient should 
have their information. Even if the patient flies to the United States, doctors should know 
that this is the way you treat me. This is my medical history, with that consent, this is my 
medical history. This is what I’m taking through my application. Founder, Co-Founder and 
Presentations

Furthermore, the innovation proposes a core master file that serves multi-healthcare 
stakeholders from medical insurance, pharmaceuticals, auditors, patients, and other 
healthcare centres. The database can be the central data warehouse for health supply 
chain that holds consolidated and authoritative data necessary to revolutionise pub-
lic healthcare. This will ensure uniformity and eliminate conflicting data. Thus, 
there is a need to enforce data and cyber security and control, whereby every entry 
automatically reflects across linked systems for data consistency. The responses of 
the participants are shown as follows:

A patient is digitalised, given a ticket number that is immediately shown on doctor’s screen, 
as soon as diagnosis is complete, the prescription side has the information, and form sent to 
the medical aid while on the outside the very same prescription and diagnosis are sent to 
cloud so much that the patient has a medical history there. If the patient has an application, 
it means that the patient can access the medical history and get an application for referral 
and medical history audit. Founder

6.4.3 � Impact of the Healthguider Innovation

The impact of Healthguider innovation can be traced from its accessibility on 
android and iPhone operation system to its 3-pilot test report and engagements 
with 4 healthcare providers, insurance company, and other 12 stakeholders. Early 
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engagements reveal partnership opportunities with an industry player, DRC and 
selected doctors’ centres in South Africa. This highlights critical innovation eco-
system and healthcare supply chain stakeholders necessary to drive cultural 
shifts for experimentation and continuous improvement. It further highpoints 
innovation risk management strategy which minimises negative shocks in the 
healthcare supply chain as the technical feasibility and glitches are validated in 
real operational environment. Technology validation serves as evidence for 
industry and government regulation adherence which is crucial for system com-
pliance. The participants reveal faster adoption rate of five thousand doctors in 
the DRC as compared to 17 stakeholders in South Africa. The combined adop-
tion rate from the pilot phase cemented Healthguider innovation as a validated 
technology ready for commercialisation. Most importantly, the pilot report 
reveals health benefit that yielded about 35% savings per insured person and 
enhanced stock management and better utilisation of time. The following quote 
supports this argument:

We engaged our product with four healthcare providers and an insurance company and 
insights from over 12 stakeholders. Now, we have a product that is on Play Store and App 
Store. And then we have a web application which is the PMS. … We have done a three-pilot 
test and a three-year contract with a company called On Point Healthcare that offers us AB 
slices free of about 1800 + 115 per user. We have been utilised by two companies. There is 
the third one which is very big. It’s from the DRC…There is appetite because immediately 
when I moved to the DRC I had instantly 5000 doctors…. Our ticketing system promotes 
saving health which is about 0.35% per person’s policy. Founder and Co-Founder

Following a successful pilot phase in South Africa and the DRC, Healthguider 
attracted the attention of Technology Innovation Agency (TIA). Far from financial 
support, the founder highlights the need for experience and technology validation. 
Put differently, experience supersedes financial investment in new innovation as it 
affords innovators practical knowledge of implementation, including a platform to 
address obstacles and leverage opportunities, without which, the innovation may be 
underutilised. It allows for efficient and effective resource utilisation, which mini-
mises misallocation of resources and reduce failures in diffusion efforts. The latter 
is a crucial ingredient for trust and credibility necessary to facilitate faster adoption 
and partnerships. Participants in this study shared similar sentiments on this as 
reported in the following response:

TIA is coming on board and the Department of Trade, Industry and Competition was 
impressed too, they are coming on board. We are funding you further to commercialise your 
product. The biggest thing about our government is sometimes we don’t need you to give 
us money, but we need you to give us experience. We need you to say here is one or two 
clinics, pilot on them. We don’t necessarily need to get paid because we did this out of love. 
We did it to improve service delivery. You can throw millions, but what we want is to see 
our innovation change lives in the public space because the absorption in the private space 
is there. There’s nothing that is worse than building a great product and not get it into the 
hands of the customer. It can be great sitting on a shelf. But there is no greater thing putting 
this in the hands of people that really need it. Founder
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6.4.4 � Opportunities and Challenges Associated 
with the Healthguider Innovation

There are learning curves which highlight opportunities and challenges in the par-
ticipants’ narrative. In townships, general practitioners prefer a walk-in system over 
booking system. However, suburban areas are accustomed to scheduling systems. 
The insight reveals peculiar dynamics of township and rural downstream healthcare 
supply chain context. There is an element of practicality of patients’ access and 
convenience, which might be induced by the digital divide, data issues and limited 
alternative health alternatives. In this case, a first come first serve scheduling system 
supersedes digital scheduling system. Consequently, the downstream of a township 
healthcare supply chain deals with unpredictable patient volumes. Whilst the latter 
reduces idle periods, increases revenue and accommodates uninsured patient seg-
ments, it highlights a challenge for Healthguider ambition and efforts for digitising 
healthcare scheduling system. In practice, it reveals challenges related to unpredict-
able workloads, and limited capacity to maintain continuous care for chronic 
patients. For Healthguider, these learning curves helped shape the direction of inno-
vation offerings from patient to organisational features. This was evidenced by the 
participants’ responses in the following quotes:

What I have learned was that people who will use the application are specialists. GPS don’t 
do bookings. They don’t do bookings because anyone can walk anytime. And I’m talking 
about locations (townships). The suburbs have Vitality, Bonitas, etc. I’m talking about the 
locations where the masses don’t have access to healthcare. The biggest challenges are 
clients change every time. Now, we need to learn that we cannot do 100% system for every-
one. But, if we have 80% to 90% of the functionalities that an organisation would need, that 
is the best we could do. Founder

Also, within the downstream healthcare supply chain practitioners, there are heter-
ogenous system requirements that need to be factored. The findings present two 
distinct perspectives of township supply chain stakeholders’ requirements. On one 
hand, a walk-in preference is hard to digitise due to high revenue, and patient access 
limitations. On the other hand, heterogenous digital requirements with an unpredict-
able patient volume can benefit from a master file and database system. The two-
healthcare perspective signals the approach and the environment for digital technical 
structure necessary for the transformation of township healthcare supply chain. An 
example of workload minimisation is the system’s ability to produce patient’s leave 
notice if required, which saves practitioners time. The quote to support this is as 
follows:

“And one of the challenges is, you know, when we went out to the market, we learnt that a 
GP, a dentist, a gynaecologist uses different templates. We had to go back to development 
and say, ok, well, you know what? Let’s understand how these people work”. “And it auto-
matically calculates to say from the 22nd to the 23rd cannot work due to injuries”.

A further challenge is legal costs for contracting supply chain stakeholders and the 
needs for license agreement. This challenge highlights how regulatory compliance 
and contractual legal costs can make or break the implementation of innovation in 
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the healthcare supply chain. Technically, it highlights the need to embed industry 
regulations in new technology. Strategically, it reveals litigation and risk measures 
required for the implementation of master file and database systems in healthcare 
supply chain. Furthermore, legal variation across boarders necessitates cross licenc-
ing agreements to avoid high legal costs and battles; whilst fostering a collaborative 
environment. The quote to support this is as follows:

I remember a lawyer billing me R50 000 for contract with On Point Healthcare.So, DRC is 
going to be even worse? Because DRC wants something called a license agreement. 
Healthguider will be white labelled, and DRC will be offering it to doctors as DRC applica-
tion. Founder

6.4.5 � System Demonstration by the Founder

In demonstration of Healthguider digital product, the founder highlights some of 
the conflicting priorities between organisational requirements and development 
requirements. For example, restricted access to some data and patients’ system fea-
tures due to Protection of Personal Information Act (POPI Act). This was evidenced 
by their responses in the following quotes:

This is the dashboard waiting time, in progress. Completed patients, total patients and rev-
enues generated. Now, I cannot go to patients because of POPI Act, but I can go into 
appointments. System demonstration by the Founder

6.5 � Discussions

The study discovered that most processes are manual in South African public 
healthcare systems. Alsanad et al. (2023) propounded that healthcare record man-
agement has historically depended on manual, paper-based systems, providing a 
tangible and easily identifiable method for storing patient information. However, 
manual systems create challenges in the delivery of service from poor patient 
experience, data silos, delayed patient scheduling, amplified costs, compromised 
medical audits and redundant efforts whereby diverse healthcare institutions exe-
cute related duties resulting in resource inefficiency, Also, manual systems result 
in problems related to patients’ adherence to medical prescriptions. Under the 
same line of reasoning, Alsanad et al. (2023) opined that in paper-premised sys-
tems, papers may be misplaced, lost, or torn and may be destroyed by floods, fire 
outbreaks and other natural disasters. For more information on the drawbacks of 
paper-based systems, the reader is referred to, among other authors, Alsanad 
et al. (2023).

The study found that Healthguider innovation addresses the challenge of uncoor-
dinated, and in most cases, manual processes of the public healthcare supply chain, 
which remains one of the greatest challenges in South Africa. Health-guider 
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innovation is designed to streamline upstream and downstream healthcare supply 
chain from medical order processing, referrals logistics, distribution of prescrip-
tions, to data storage through a master file and database system. Put differently, it 
proposes a core database that can serve multi-supply chain stakeholders’ interests in 
both the upstream (government officials, doctors, pharmaceuticals, medical insur-
ance/aid) and downstream chain (healthcare facilities, patients). That is to say, it 
provides an integrated approach that can provide healthcare stakeholders a harmon-
ised process to minimise redundancy, whilst improving communication and data 
sharing. An indirect implication of the innovation is digital and healthcare equity 
which creates inclusion and accessibility to the vulnerable public healthcare sup-
ply chain.

Further, the innovation serves as a transformational tool that can ensure efficient 
utilisation of human capital and technology by eliminating repetitive tasks and 
improving digital proficiency, resulting in simplification through consolidation of 
task management and resource savings, i.e., time and money. Interestingly, it helps 
bridge the gap between public and private healthcare systems, thus leading to 
democratisation of healthcare by digital innovators in partnership with governors of 
public healthcare. Alsanad et  al. (2023), Jimma and Enyew (2022) and Adler-
Milstein and Bates (2010) submitted that paperless systems have a plethora of ben-
efits such as the provision of immediate access to patient records to all service 
providers in the healthcare chain, thus permitting them to offer accurate and 
unswerving care. Nonetheless, it should be noted that paperless systems are exposed 
to accidental modifications, cyber-attacks, accidental and/or unauthorised access 
(Alsanad et al. 2023; Javaid et al. 2023), which may negatively impact efficient and 
effective service delivery.

When it comes to its technical structure, the Healthguider innovation is an inte-
grated, streamlined, and multi-functional digital platform that offers significant sup-
ply chain implications across several healthcare domains. The Healthguider 
innovation is a paperless booking/appointment Software as a Service (SaaS) system 
and mobile application that modernises clinic operations, thereby saving resources 
and time. It is compatible with iPhone Operating System (iOS), Android and per-
sonal computer (PC), thereby guaranteeing accessibility and reliability. The innova-
tion provides appointment scheduling, medication and appointment reminders, 
referrals, and beneficiary bookings in an attempt to support the patients in their 
healthcare journey. The innovation has a central master file that serves multi-
healthcare stakeholders such as medical insurance companies, pharmaceuticals, 
auditors, patients, and other healthcare centres. This promotes uniformity and eradi-
cates conflicting data. The innovation’s structure is valuable in the healthcare supply 
chain. From the downstream chain, it decreases costs associated with numerous 
platforms and enhances speed and precision of service delivery. In the upstream 
chain, the innovation can be optimised for analytics and intelligence essential for 
flexible and swift decision-making in various areas such as patient transfers and 
referrals. In support of this, Mladenova (2020) opined that ERP systems have func-
tionalities and Al-Assaf et al. (2024) proffered that the integration of diverse depart-
ments enhances better strategic planning and decision-making.
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To further validate this argument, Chiarini et al. (2018) indicated that stakehold-
ers’ satisfaction, patients’ satisfaction, operations efficiency, and strategic and per-
formance management are some of the benefits of the ERP systems in the healthcare. 
Moreover, the technical structure of the innovation can be aligned to the existing 
technological infrastructure to enhance efficient service delivery. Validating this 
point, Velcu (2010) propounded that ERP systems merge business processes and 
information technology of the adopting institution to ease the movement of infor-
mation via business functions. This indicates that amalgamating an ERP system 
with current business processes is vital for a continuous flow of information and 
operational continuousness.

The Healthguider innovation is accessible on iOS, Android and PC and has 
been pilot tested and adopted by several stakeholders such as insurance compa-
nies in DRC and South Africa. For instance, Healthguider has attracted the inter-
est of the TIA. This indicates that the innovation’s benefits, technical feasibility 
and glitches have been validated in real operational environment (see, for instance, 
Murphy et al. 2024; Tanaka et al. 2024; Feldacker et al. 2023). Technology valida-
tion provides evidence that the innovation adheres to industry and government 
regulations, making it easy to commercialise the innovation. This is validated by 
Shema-Shiratzky et al. (2022) and Schauffel et al. (2021), among other authors. 
Further, the adoption rates of the innovation are different in diverse countries due 
to several reasons (see Garcia and Crenner 2022; Afzal et al. 2021; and reference 
therein).

It has also been revealed that experience supersedes financial investment in novel 
innovations. Experience provides innovators with empirical knowledge of imple-
mentation, allowing them to deal with problems and leverage opportunities. 
Experience permits efficient and effective resource utilisation, thereby minimising 
misallocation of resources and enhancing diffusion. Validating this point, Wieder 
et al. (2006) confirmed that the longer the experience of institutions with ERP sys-
tems, the greater their overall performance. Even though ERP systems can have 
significant impact in institutions, some studies (Garg and Agarwal 2014; Dezhar 
2012; Huang et  al. 2004) have indicated that the success rates of ERP systems 
are low.

General practitioners, in townships, prefer walk-in systems over booking sys-
tems, while those in suburban or urban areas are used to scheduling systems. This 
indicates that the dynamics of township and rural downstream healthcare supply 
chain are different from those of suburban or urban areas. The driving force can 
be the issue of patients’ access and convenience, which is fuelled by digital divide, 
data issues and restricted substitute health alternatives. Since the downstream of a 
township or rural healthcare, supply chain deals with erratic patient volumes, a 
first come first serve scheduling system can be a better option than a digital sched-
uling system. This might be a challenge for Healthguider’s determination and 
attempts to digitise the healthcare scheduling system. These learning curves assist 
in shaping the direction of the Healthguider innovation offerings from patient to 
organisational features.
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Under the same line of reasoning, Atherton et al. (2024) propounded that patients 
in rural areas are less probable to be aware of or use online appointment booking 
and patients in deprived areas are bunched in practices with low consciousness and 
implementation of online appointment booking. Hawe et al. (2023) indicated that 
restricted access to the technology and low literacy skills in utilising the technology 
are some of the problems for some rural patients when using technology-enabled 
healthcare. In support of this, in one huge tertiary public hospital outpatient service 
centre in China, Zhang et al. (2014) discovered that only 17% of patients used an 
online appointment booking system, while 90% of the doctors thought there was a 
need to offer alternative forms of appointment booking systems for outpatients.

Further, it has been indicated that within the downstream healthcare supply chain 
practitioners, there are heterogenous system requirements. The findings present two 
unique viewpoints of township supply chain stakeholders’ requirements. On one 
hand, a walk-in preference is hard to digitise due to high revenue and patient access 
limitations. On the other hand, heterogenous digital requirements with an unpredict-
able patient volume can benefit from a master file and database system. The two-
healthcare perspective signals the approach and the environment for digital technical 
structure necessary for the transformation of township healthcare supply chain.

Legal costs for contracting supply chain stakeholders and the need for licence 
agreements is a challenge. Regulatory compliance and contractual legal costs can 
make or break the application of innovation in the healthcare supply chain (see, for 
instance, Phares, Dobrzykowski and Prohofsky, 2021; Lee Mendoza, 2019; Hu and 
Schwarz, 2011). Also, legal variation across boarders necessitates cross licencing 
agreements to evade high legal costs and battles; whilst promoting a collaborative 
environment. Moreover, there are conflicting priorities between organisational 
requirements and development requirements, i.e., conflicting priorities by potential 
adopters. For instance, the need for balancing operational excellence with compli-
ance to national laws such as POPI Act and a tug of war between change manage-
ment vis-à-vis overcomplexity as users finds new features overwhelming.

From the discussion above, the following strategic measures for the implementa-
tion of innovation are proposed: (i). Practical knowledge supersedes financial 
investment: Finance can assist in developing new tools and strategies, but without 
experience, there could be misallocation of resources and underutilisation; (ii) Agile 
and enhanced problem solving: Access to chain partners assist in building robust 
supply chain partners for troubleshooting and adaptation of innovation to local con-
text. It enhances trust and credibility amongst supply chain stakeholders; (iii) Access 
to healthcare supply chain partners requires a great deal of understanding cultural 
and social dynamics rife in Africa. The latter is crucial for adjusting and adapting 
innovation to healthcare segment nuances; (iv) Overtime, the chain testers should 
build a learning hub and data necessary for enhancing healthcare knowledge for 
new products and similar innovations. Thus, reducing trial and error phase, costs 
and efforts for future innovations. The learning curve creates the depth of knowl-
edge and sustainability of intellectual capital; (v) Regulatory and legal compliance 
are strategic measures that require both technical and contractual integration.
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6.6 � Conclusions

Implementing semi-structured interviews, the study examined the benefits, techni-
cal structure, impact, and opportunities and challenges of Healthguider. The find-
ings of the study highlight that the Healthguider innovation provides several benefits 
and its technical structure is good, has a significant impact in the healthcare and is 
exposed to numerous opportunities and challenges. The study findings inform poli-
cymakers, healthcare providers and technologists that Africa does not lack innova-
tion but rather faces challenges in overcoming market access barriers. Even though 
the study has produced interesting results, it can be extended by interviewing the 
adopters of the Healthguider innovation.
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Chapter 7
Leveraging Mobile Health Interventions 
to Improve Health Literacy and Combat 
Non-Communicable Diseases 
in Sub-Saharan Africa

Stephen Ogweno, Harrison Roger, George William Kajjumba, 
and Dorcus Bateefu Nakiganda

7.1 � Introduction

Non-communicable diseases (NCDs), such as cardiovascular diseases, diabetes, 
and obesity present a challenge—in an estimated 40·five million (71%) of the 
56·nine million worldwide deaths were from NCDs (Anyanwu et al. 2024; Bennett 
et al. 2018). The burden is disproportionately felt in low- and middle-income coun-
tries, including Sub-Saharan Africa (SSA) (Gouda et al. 2019). In this region, NCDs 
are responsible for 37% of deaths, a figure projected to rise as populations age and 
urbanize (Anyanwu et al. 2024). SSA faces unique challenges in addressing NCDs 
due to a combination of insufficient healthcare infrastructure, limited healthcare 
literacy, and a fragmented healthcare supply chain (Heine et al. 2021; Moner-Girona 
et al. 2021). These factors exacerbate the challenges in managing NCDs, leaving 
millions without timely diagnosis, treatment, or preventive care.
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The healthcare supply chain in SSA plays a critical role in the availability and 
accessibility of essential resources for NCD prevention and management (Nagitta 
et al. 2021a; Nagitta and Mkansi 2019). Weaknesses in supply chain infrastructure, 
including poor road networks, inconsistent medication supplies, and inadequate 
cold chain systems, have significantly hindered efforts to tackle NCDs. For exam-
ple, 40% of health facilities in SSA report regular stockouts of essential medications 
for conditions like diabetes and hypertension, leading to preventable complications 
and deaths (Nagitta et al. 2021b). Beyond physical supply chain challenges, there is 
a significant gap in intellectual health capital—specifically, the population’s ability 
to understand and use health information effectively, which is essential for manag-
ing chronic diseases.

Health literacy is a cornerstone of health promotion and a critical determinant of 
health outcomes. It enables individuals to understand disease risks, adhere to treat-
ment regimens, and make informed health decisions. However, in SSA, where lit-
eracy levels vary widely, the lack of targeted health education campaigns further 
deepens health inequities. Less than 50% of adults in the region are estimated to 
have sufficient health literacy to manage their health effectively (Odusina et  al. 
2021). Cultural barriers, language diversity, and low general literacy further com-
pound the challenge (Zickafoose et al. 2024). Improving health literacy is particu-
larly urgent for managing NCDs, as these diseases often require long-term lifestyle 
changes and self-management skills, which are difficult to implement without ade-
quate knowledge.

Mobile health (mHealth) has emerged as a transformative tool for addressing 
healthcare challenges, including supply chain inefficiencies and low health literacy 
(Ng et al. 2021). mHealth encompasses a wide range of interventions, from SMS 
reminders for medication adherence to mobile apps providing education about 
NCDs. The integration of mHealth into the healthcare supply chain offers additional 
benefits by improving communication, reducing logistical bottlenecks, and increas-
ing the reach of health promotion campaigns. Digital platforms can track medica-
tion stock levels in real-time, ensure timely delivery of critical supplies, and 
disseminate health education materials across diverse populations.

Despite its potential, mHealth adoption in SSA faces several challenges, includ-
ing limited internet connectivity, varying digital literacy levels, and inconsistent 
policy support across countries. Furthermore, the majority of existing mHealth 
interventions have been limited to pilot studies or single-country initiatives, leaving 
significant research gaps in understanding the scalability and sustainability of cross-
country interventions. Research also predominantly focuses on SMS-based com-
munication, neglecting other platforms that could potentially offer greater 
engagement and effectiveness.

This study aims to fill these gaps by evaluating the feasibility and effectiveness 
of cross-country mHealth interventions for improving health literacy and strength-
ening the healthcare supply chain in SSA. By analyzing data from the NCD365 
project, it seeks to provide actionable insights into platform-specific strategies, 
regional differences, and the interplay between health literacy and supply chain 
efficiency. The findings aim to inform policy and practice, ensuring that mHealth is 
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effectively integrated into efforts to combat NCDs and improve health outcomes in 
the region.

7.2 � Literature and Hypotheses

Hypothesis 1: Exposure to mHealth interventions aimed at health promotion can 
lead to an increase in individuals’ health literacy levels in Sub-Saharan Africa

Exposure to information through targeted interventions has consistently been 
shown to lead to significant increases in knowledge, awareness, and behavioral 
changes across various domains (Al-Dmour et al. 2022; Witzling et al. 2015). For 
instance, studies on public health campaigns have demonstrated how repeated 
exposure to anti-smoking messages significantly increased awareness about 
smoking-related risks, leading to a decline in smoking prevalence (Finney Rutten 
et al. 2009; Upadhyay et al. 2019). Similarly, educational campaigns on HIV pre-
vention, delivered through community-based programs and digital platforms, 
have successfully increased condom use and reduced risky behaviors (Muessig 
et al. 2015; Purdy 2011).

Applying these principles to Sub-Saharan Africa, where health literacy levels are 
generally low, mHealth interventions hold significant promise. By delivering con-
sistent, accessible, and culturally relevant content, these interventions can bridge 
knowledge gaps and empower individuals to make informed health decisions. The 
NCD365 project’s year-long engagement is expected to lead users to measurable 
improvements in literacy about NCD prevention and management, particularly 
among populations with prior limited exposure to health information.

Hypothesis 2: There is a significant difference in the effectiveness of different 
online communication channels, such as social media platforms and websites, for 
mHealth interventions in promoting health in Sub-Saharan Africa

Effective communication channels are pivotal to the success of any project, par-
ticularly those focused on information dissemination and behavior change. Different 
communication strategies can yield varying outcomes depending on the target audi-
ence, content, and platform used. For instance, health promotion campaigns con-
ducted through television broadcasts have been shown to reach broader but less 
interactive audiences compared to community-based workshops, which tend to fos-
ter deeper engagement and understanding (Beck 2003; Burzyńska et al. 2015; Chew 
and Palmer 2005). Similarly, during vaccination campaigns, the use of SMS remind-
ers significantly improved appointment adherence (Chew and Palmer 2005; Domek 
et  al. 2016; Eze et  al. 2021). While face-to-face education sessions led to better 
comprehension of vaccine safety (Johri et al. 2020).

In the digital realm, the choice of online communication channels can greatly 
influence the reach and effectiveness of health promotion efforts. Social media plat-
forms, in particular, have demonstrated diverse impacts based on their unique func-
tionalities and user demographics (Ghahramani et al. 2022; Korda and Itani 2011). 
For example, Instagram’s visual appeal has been successful in engaging younger 
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audiences with health promotion messages (Huang and Su 2018), while LinkedIn’s 
professional focus makes it more suitable for reaching healthcare workers and poli-
cymakers (Smith and Watkins 2020). WhatsApp, on the other hand, has proven 
effective for personalized communication and group interactions.

This study will leverage a range of online platforms, including WhatsApp, 
Twitter (now X), Facebook, Instagram, LinkedIn, and dedicated websites, to explore 
their effectiveness in promoting health literacy and awareness in Sub-Saharan 
Africa. These platforms are expected to yield significant outreach by catering to 
diverse audience needs and preferences. For instance, WhatsApp’s group messaging 
features will facilitate community discussions, while Twitter’s (X) real-time updates 
can provide rapid information dissemination. Facebook and Instagram will target 
general audiences through multimedia storytelling, and LinkedIn will focus on 
engaging professionals and stakeholders in the healthcare sector. Websites will 
serve as repositories of detailed health information, offering users comprehensive 
resources at their convenience.

By analyzing the outcomes across these platforms, this study aims to identify the 
most effective strategies for maximizing engagement and information retention, 
ultimately contributing to the success of mHealth interventions in Sub-Saharan 
Africa. For example, Facebook’s visual storytelling capabilities may be leveraged 
for awareness campaigns, while websites can serve as repositories for detailed 
health information. Thus, it is hypothesized that the effectiveness of mHealth inter-
ventions will vary depending on the social media platform used, as each platform 
caters to different audience needs and engagement styles.

7.3 � Methodology

The study was conducted in five Sub-Saharan African countries: Nigeria, Kenya, 
Uganda, Cameroon, and Zimbabwe. These countries were selected to represent the 
broad cultural diversity of the region. Each participating country was represented by 
an organization involved in the NCD365 program. The partner organizations from 
each country are listed in Table 7.1.

From each country, 80 participants were recruited at the start of the project, 
bringing the total to 400 participants. The selection was carried out using a purpo-
sive sampling technique to ensure the inclusion of individuals with varying degrees 
of prior exposure to NCD information. This approach was chosen to target individu-
als most likely to benefit from the intervention and provide a comprehensive assess-
ment of its impact.

The project spanned 1  year, during which participants received NCD-related 
information tailored to their local contexts. Each month, as detailed in Table 7.1, 
participants were exposed to a specific focus area, including topics such as cancer 
prevention, drug use, obesity, and general health promotion strategies. The informa-
tion was disseminated via various social media platforms, including WhatsApp, 
Facebook, Twitter (X), Instagram, LinkedIn, and dedicated websites.
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Table 7.1  Participating countries, organizations, and NCDs monthly thematic focus

Participating countries and 
organizations

Country Participating organizations
Nigeria Food and Genes Initiative
Kenya Stowelink Foundation
Uganda Berna Acargo Foundation
Cameroon Reconciliation and Development 

Nationalπ

Zimbabwe Health Access Initiative∞

NCD information Month Thematic focus
January Introduction to NCDS—Basics
February Cancer
March Drugs and substance abuse and NCDS
April NCDS and COVID 19 link
May Cardiovascular diseases
June Diabetes
July Mental health (depression and anxiety)
August Chronic kidney diseases
September Sickle cell disease
October Childhood obesity
November Less talked about NCDs
December NCDs prevention tips

∞Community-based organization
πCivil society organization

After 1 year, an assessment was conducted to evaluate the participants’ health 
literacy levels and the effectiveness of information dissemination across the differ-
ent platforms. The evaluation utilized both quantitative surveys and qualitative feed-
back mechanisms. Quantitative methods measured changes in knowledge related to 
NCDs, while qualitative data provided insights into participant experiences and 
preferences for specific communication channels.

The results of the assessment were analyzed to determine the relationship 
between mHealth interventions and improvements in health literacy, as well as to 
identify the most effective platforms for information dissemination in promoting 
health literacy in Sub-Saharan Africa.

7.4 � Findings

7.4.1 � Demographic Characteristics

Out of the 400 respondents who started the program, 349 completed it and responded 
to the questionnaires after 1 year. Of these, 336 provided complete responses, while 
13 respondents did not complete the questionnaires, resulting in their data being 
excluded from the analysis. This represents a response rate of 84%, which provides 
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Table 7.2  Demographic characteristics of the study population (n = 336)

Variable Category n Percentage (%) Variable Category n
Percentage 
(%)

Age 18–24 159 46.1 Country Cameroon 63 18.8
25–34 127 37.8 Kenya 71 21.1
35–44 25 7.4 Nigeria 69 20.5
45–54 25 7.4 Uganda 70 20.8

Sex at 
birth

Female 179 53.3 Zimbabwe 63 18.8
Male 156 46.4 Platform WhatsApp 197 58.6
Others 1 0.3 Twitter 70 20.8

Settlement Rural 21 6.3 Facebook 23 6.8
Semi-urban 114 33.9 Instagram 20 5.9
Urban 201 59.8 Websites 18 5.4

Education Postgraduate 77 22.9 LinkedIn 8 2.4
Undergraduate 207 61.6
Secondary 51 15.2
Primary 1 0.3

a sufficiently large and representative dataset to conduct meaningful analyses and 
draw valid conclusions. Table 7.2 summarizes key demographic characteristics of 
the participants. Among the respondents, 52% were female and 48% male, reflect-
ing a near-gender balance. Age groups were distributed as follows: 18–24  years 
(46%), 25–34 years (38%), and above 35 years (14%). Educational levels showed 
that 99% of participants had secondary-level education or higher. Participants 
engaged with different social media platforms throughout the intervention. 
WhatsApp was the most used platform (59%), followed by Twitter/X (21%), 
Facebook (7%), and Instagram and LinkedIn (8% combined). These usage patterns 
highlight the importance of tailoring mHealth interventions to leverage platforms 
with higher engagement rates. These demographics and platform engagement pat-
terns suggest a diverse and representative sample, providing valuable insights into 
how mHealth interventions can address health literacy needs across varied 
populations.

7.4.2 � mHealth Exposure and Literacy Levels

�NCDs General Knowledge Changes

After exposing the participants to mHealth material for 1  year, they were asked 
questions related to their understanding of NCDs. Table 7.3 summarizes the per-
centage of participants who answered the questions correctly across different topic 
areas. The survey results revealed varying levels of knowledge and understanding 
among participants regarding NCDs and their risk factors. Questions assessing gen-
eral knowledge about NCDs, such as G1 (“What statement best describes a 
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Table 7.3  Health literacy assessment scores after 1 year of exposure to mHealth materials

Question
Score 
(%)*

G1 What statement best describes a non-communicable disease 93.8
G2 Which of the following is not a non-communicable disease 69.0
G3 Non-communicable diseases are the leading killer diseases globally 83.6
G4 Click all the right ones. Non-communicable diseases risk factors include: 52.9
G5 Select the correct statement: People with non-communicable diseases 90.5
G6 Can smoking tobacco affect your health? 97.6
G6A If yes, can you select all the diseases that could be caused by the habit? 48.2
G6B If smoking causes cancer, which cancers are caused by smoking? 40.2
G7 Can tobacco chewing affect your health? 87.8
G7A If yes, can you name the diseases that could be caused by tobacco chewing? 31.1
G7B If tobacco chewing causes cancer, check all cancers are caused by the habit? 37.9
G8 Can drinking alcohol affect your health? 97.0
G8A If yes, can you name the diseases that could be caused by drinking alcohol? 36.0
P1 How much do you know about high blood pressure? 98.5
P1A If you know something about high blood pressure, is it important to have blood 

pressure checked?
97.9

P1B If yes, how often blood pressure should be checked? 86.6
P2 How much do you know about heart attack? 97.3
P2A If you know something about heart attack, do you agree that it can be 

prevented?
83.0

P3 How much do you know about stroke? 95.8
P3A If you know something about stroke, do you agree that people with high blood 

pressure are more likely to have a stroke?
86.3

P4 How much do you know about diabetes? 99.4
P4A If you know something about diabetes, what can an individual do to reduce the 

chance of getting the disease?
58.5

P5 How much do you know about long-term lung diseases? 87.5
P5A Tick all appropriate. How many lung diseases do you know of? 38.0
P5B If you know something about long-term lung diseases, what can an individual 

do to reduce the chance of getting the disease?
96.4

P6 How much do you know about mental health? 96.4
P6A Tick all appropriate, how many mental health conditions do you know of? 57.2
P6B If you know something about mental health, what can an individual do to 

reduce the chance of getting the disease?
39.9

*Participants who answered the questions correctly

non-communicable disease?”) and G3 (“Non-communicable diseases are the lead-
ing killer diseases globally”), received relatively high percentages of correct 
responses (93.8% and 83.6%, respectively). This indicates a strong awareness 
among participants about the nature and global impact of NCDs.

However, when it came to identifying specific diseases caused by risk factors, 
such as smoking, tobacco chewing, and alcohol consumption, the percentages of 
correct responses were comparatively lower. For instance, G6A (“If yes, can you 
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select all the diseases that could be caused by smoking?”) and G6B (“If smoking 
causes cancer, which cancers are caused by smoking?”) had response rates of 48.2% 
and 40.2%, respectively, indicating a knowledge gap in understanding the precise 
health risks associated with smoking. Similarly, G7A (“If yes, can you name the 
diseases that could be caused by tobacco chewing?”) and G7B (“If tobacco chewing 
causes cancer, check all cancers that are caused by the habit”) had response rates of 
31.1% and 37.9%, respectively.

Questions related to preventive measures and understanding the link between 
NCDs and other health conditions also received varying levels of correct responses. 
For example, P4 (“How much do you know about diabetes?”) showed a high per-
centage of correct responses (99.4%), indicating a relatively strong understanding 
of this particular NCD. Conversely, P5A (“Tick all appropriate. How many lung 
diseases do you know of?”) had a lower response rate of 38%, suggesting a need for 
more comprehensive knowledge about different types of long-term lung diseases.

These findings highlight both the strengths and areas for improvement in the 
mHealth intervention’s educational impact. High awareness of general NCD con-
cepts and diabetes prevention suggests effective content delivery in those areas, 
whereas lower knowledge on the risks of smoking, tobacco chewing, and lung dis-
eases indicates the need for more targeted information in future interventions.

�Literacy Level Improvements and Education Status

The results of the adjusted literacy rates based on the highest education level are 
presented in Table 7.4. The table shows the percentage of individuals within each 
education level category and their corresponding adjusted literacy rates. Among 
individuals with a primary school education, the adjusted literacy rate was 0.23%. 
For individuals with secondary school education, the adjusted literacy rate increased 
to 11.80%. The highest adjusted literacy rate was observed among individuals with 
an undergraduate education, reaching 47.68%. Those with postgraduate education 
also demonstrated a relatively high adjusted literacy rate of 17.86%. Overall, when 
considering all education levels together, the adjusted literacy rate was 77.57%.

The significant differences in adjusted literacy rates by education level can be 
attributed to varying access to health information and cognitive abilities associated 
with formal education. Higher education levels likely provided participants with 
better skills for understanding and applying health-related knowledge, enabling 

Table 7.4  Adjusted rate for 
literacy based on 
education level

Education level Adjusted literacy rate

Primary school 0.23%
Secondary school 11.80%
Undergraduate 47.68%
Postgraduate 17.86%
Total 77.57%
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Table 7.5  Relationship between health literacy and exposure duration

Type III sum of squares df Mean square F Sig.

Corrected model 2452.378a 3 817.459 8.033 0.000
Intercept 1887428.93 1 1,887,429 18,546 0.000
Duration 2452.38 3 817.459 8.033 0.000
Error 33787.05 332 101.768
Total 2061218.79 336
Corrected total 36239.42 335

df, Degrees of freedom; F, Represents the ratio of the variance between groups to the variance 
within groups
aR2 = 0.068

them to make informed decisions about NCD prevention and management (Bay 
et  al. 2017; Yenit et  al. 2023). Additionally, individuals with undergraduate and 
postgraduate education may have had prior exposure to relevant information, which 
contributed to their higher literacy rates.

�Hypothesis 1: Exposure to mHealth Interventions Increase Health 
Literacy Levels

Based on the ANOVA results (Table 7.5), the analysis indicates a significant rela-
tionship between exposure to mHealth interventions aimed at health promotion 
(represented by the variable “Duration”) and individuals’ health literacy levels in 
Sub-Saharan Africa. The effect size, as indicated by the R2 value of 0.068, suggests 
that the exposure to mHealth interventions explains approximately 6.8% of the vari-
ance in literacy levels. While this effect size is relatively small, it is still statistically 
significant, underscoring the importance of mHealth interventions as a factor in 
improving health literacy. However, this also highlights the need to explore addi-
tional contributing factors that could enhance literacy levels further. Factors such as 
socio-economic status, internet accessibility, baseline literacy levels, and cultural 
influences may play crucial roles in determining the effectiveness of health 
interventions.

Previous studies have similarly demonstrated that while mHealth interventions 
can significantly improve health literacy, their impact is often mediated by external 
factors. For instance, research by Atun et al. (2015) found that individuals with bet-
ter socio-economic resources were more likely to benefit from digital health initia-
tives, emphasizing the need for interventions tailored to diverse population needs. 
Similarly, Noar (2006) highlighted that the frequency and quality of content expo-
sure are critical in determining the success of health campaigns. In addition, a study 
by Gonzalez et al. (2021) showed that culturally sensitive content delivery signifi-
cantly enhanced engagement and understanding among diverse communities, rein-
forcing the importance of localized strategies in digital health interventions. 
Furthermore, Wei et al. (2020) noted that the integration of interactive features, such 
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as quizzes and feedback mechanisms in mobile applications, increased retention of 
health information and motivated behavioral changes in underserved populations. 
These examples underscore the multifaceted nature of health literacy improvement 
and the importance of leveraging a combination of content quality, delivery mecha-
nisms, and user-centered design to maximize the effectiveness of mHealth 
interventions.

In summary, the findings provide robust evidence supporting the hypothesis that 
mHealth interventions positively influence health literacy levels in Sub-Saharan 
Africa. To maximize their impact, future studies should aim to identify and integrate 
complementary strategies addressing other potential determinants of health literacy.

7.4.3 � Media Platform Usage

�Literacy Levels Per Platform

The majority of participants (197 out of 336, approximately 59%) used WhatsApp, 
followed by Twitter with 70 participants (approximately 21%). The remaining plat-
forms had much lower representation, with Facebook, Instagram, websites, and 
LinkedIn accounting for 7%, 6%, 5%, and 2% participants, respectively (Table 7.6). 
These usage patterns align with existing literature, which highlights WhatsApp as a 
widely used communication platform in Sub-Saharan Africa due to its accessibility, 
low data consumption, and group messaging features (Kituyi 2017). Twitter’s (X) 
significant presence can be attributed to its ability to provide real-time updates and 
facilitate discussions, which makes it appealing for health communication efforts. 
Platforms like Facebook, while globally popular, showed a smaller footprint in Sub-
Saharan Africa, likely due to banning of Facebook in some African countries. 
Websites and LinkedIn had the lowest number of participants, reflecting their lim-
ited reach in communities where internet access and professional networking are 
less prevalent.

Table 7.6  Platform usage and adjusted literacy levels after 1 year

Platform n Mean literacy level Adjusted literacy levels (%)

WhatsApp 197 78% 45.12
Twitter 70 77% 16.01
Facebook 23 75% 5.13
Instagram 20 80% 4.76
Websites 18 81% 3.86
LinkedIn 8 80% 1.90
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�Adjusted Literacy Levels per Platform

The adjusted literacy levels provide a nuanced view of the effectiveness of each 
platform in promoting health literacy. Table 7.6 summarizes the adjusted literacy 
levels per platform. Despite being the most widely used platform, WhatsApp’s 
adjusted literacy level was the highest among all platforms. This can be attributed to 
its ability to deliver personalized and interactive content, such as videos, infograph-
ics, and group discussions, which enhance understanding and retention of health 
information (Fernández-robin et al. 2019; Puspita and Dhimas Herdhianta 2021). 
Twitter’s moderate adjusted literacy level suggests that while it is effective for dis-
seminating quick updates and engaging in conversations, it may not provide the 
depth of information needed for significant literacy improvements. The platform’s 
character limit and fast-paced nature could limit comprehensive educational efforts. 
Websites had the highest mean literacy level (81%), suggesting they are a valuable 
resource for those who access them. However, their adjusted literacy level was 
lower, likely due to limited accessibility and navigation challenges for participants 
with low digital literacy (Soleimani et al. 2024). The lowest adjusted literacy level 
was observed on LinkedIn, which is not surprising given its focus on professional 
networking rather than health education. Its small user base among the participants 
further limits its impact.

�Hypothesis 2: Platform Effectiveness and Literacy Levels

The Kruskal-Wallis test was conducted to investigate whether there were significant 
differences in information exposure among different platforms (Table  7.7). This 
non-parametric test was chosen because it does not assume normality and is well-
suited for comparing more than two independent groups with ordinal or non-normal 
data, which aligns with the characteristics of literacy level distributions across plat-
forms (McKight and Najab 2010). The test results indicate no statistically signifi-
cant differences in information exposure across the platforms (p  =  0.765). This 
suggests that while platforms varied in terms of adjusted literacy levels (as shown in 
the previous table), the usage of a given platform did not significantly impact overall 
information intake. For instance, WhatsApp had the highest adjusted literacy level 
(45.12%), while LinkedIn had the lowest (1.90%), yet these differences were not 
sufficient to yield statistically significant variation in the Kruskal-Wallis test.

This finding aligns with previous literature emphasizing that content quality, fre-
quency, and user engagement are critical determinants of health literacy outcomes, 

Table 7.7  Kruskal-Wallis 
test for literacy level among 
different platforms

Statistic Value

Chi-Square 41.582
Degrees of freedom 49
Asymptotic significance 0.765
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regardless of the platform used (Kituyi 2017). Platforms like WhatsApp may excel 
in user accessibility and content delivery, but their comparative advantage may 
diminish when broader metrics of exposure are considered. Additionally, the lack of 
significant differences suggests that the choice of platform might not inherently 
determine the effectiveness of mHealth interventions, but rather how the platform is 
utilized. For example, culturally tailored content and interactive features have been 
shown to enhance engagement and comprehension (Gonzalez et al. 2021; Wei et al. 
2020). These insights highlight the importance of optimizing content delivery across 
all platforms to achieve consistent health literacy improvements.

7.5 � Implications and Recommendations

7.5.1 � Implications

�Impact of mHealth on Health Literacy

The study provides strong evidence supporting the hypothesis that exposure to 
mHealth interventions can significantly improve health literacy levels in Sub-
Saharan Africa. Although the effect size (R2 = 0.068) indicates that mHealth inter-
ventions explain only a small portion of the variance in health literacy levels, this 
underscores their relevance in addressing the region’s health literacy challenges. 
However, the findings suggest that mHealth alone cannot fully address the gaps, 
emphasizing the need to integrate complementary strategies to maximize its impact. 
This demonstrates that targeted, accessible, and culturally tailored mHealth content 
is vital in empowering individuals with the knowledge and skills needed for NCD 
prevention and management. The intervention’s success in improving understand-
ing of NCD basics and diabetes prevention suggests that mHealth can effectively 
disseminate key health messages, particularly when addressing widely understood 
or relatable conditions.

�Platform Effectiveness

The Kruskal-Wallis test showed no statistically significant differences in the effec-
tiveness of various platforms for disseminating mHealth content, suggesting that the 
choice of platform does not inherently determine the success of health literacy cam-
paigns. This finding highlights that the quality and delivery of content, rather than 
the platform itself, are the primary drivers of mHealth intervention success. 
Platforms like WhatsApp and Twitter (X), while popular, must be leveraged with 
targeted, engaging, and user-friendly content to maximize their potential.
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�Role of Education in Health Literacy

The analysis showed a significant correlation between higher education levels and 
improved health literacy. Participants with undergraduate or postgraduate education 
had markedly higher adjusted literacy rates, emphasizing the importance of formal 
education in enhancing individuals’ ability to process and utilize health informa-
tion. This suggests that mHealth interventions need to incorporate simplified and 
inclusive content that caters to populations with lower levels of formal education.

�Integration with Supply Chain Systems

mHealth can play a pivotal role in integrating supply chain systems by providing 
real-time updates on NCDs and ensuring timely delivery of essential medicines and 
resources. This integration could also improve trust in healthcare systems, as indi-
viduals are more likely to engage with mHealth platforms that offer practical solu-
tions to immediate healthcare needs.

7.5.2 � Recommendations

While the choice of platform did not significantly affect health literacy outcomes, 
tailoring content to the strengths of each platform is essential. For instance: Use 
WhatsApp for group discussions, direct messaging, and video-based health educa-
tion. Leverage Twitter (X) for real-time updates and quick health tips. Engage pro-
fessionals through LinkedIn for knowledge sharing and training.

Integrating mHealth platforms with healthcare supply chains can improve access 
to critical resources for NCD prevention and management. For instance: mHealth 
platforms can track stock levels of essential medications and notify users about 
availability at nearby healthcare centers.

The study revealed knowledge gaps in lesser-discussed NCDs such as the risks 
of tobacco chewing and long-term lung diseases. Future mHealth interventions 
should prioritize these areas by creating campaigns that address these conditions in 
greater depth.
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Chapter 8
Lifesten Health: Quick Diagnostic Mobile 
Application for Non-Communicable 
Disease

Marcia Mkansi, Stephen Ogweno, Frank Ranganai Matenda, 
and Peace Iraguha

8.1 � Introduction

Against a background of the COVID-19 pandemic, special focus has been directed 
toward non-communicable diseases (NCDs) (Zhao et al. 2024). NCDs, such as car-
diovascular diseases, diabetes, cancer, musculoskeletal and mental diseases and 
chronic respiratory diseases, refer to a cluster of conditions associated with modern 
lifestyle that can be elucidated by assessing epidemiological transitions and demo-
graphic (Wolf et al. 2021). Allen et al. (2018) postulated that the four most common 
ones are cardiovascular disease, diabetes, cancers and chronic respiratory disease. 
Zhao et al. (2024) articulated that the World Health Organisation (WHO) indicated 
that more than 42 million people die due to NCDs on a yearly basis. Interestingly, 
NCDs excessively impact people in low- and middle-income economies, where 
more than three quarters of worldwide NCD deaths per year—32 million—transpire 
(World Health Organization 2021). Atewologun et al. (2024) opined that NCDs are 
becoming a global and public health issue, particularly in Africa. Elkomy and 
Jackson (2024) indicated that NCDs are the major contributors to the disease burden 

M. Mkansi (*) · F. R. Matenda
College of Economic and Management Sciences, The University of South Africa, Pretoria, 
South Africa
e-mail: mkansm@unisa.ac.za 

S. Ogweno 
Faculty of Biology Medicine and Health, the University of Manchester, Manchester, UK 

Stowelink Foundation - Research Division, Nairobi, Kenya
e-mail: founder@stowelink.com 

P. Iraguha 
Department of Gender, Sexual and Reproductive Health, University of Global Health Equity, 
Kigali, Rwanda

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-032-20501-8_8&domain=pdf
https://doi.org/10.1007/978-3-032-20501-8_8#DOI
mailto:mkansm@unisa.ac.za
mailto:founder@stowelink.com


168

in Sub-Saharan African countries. Extant literature has revealed that the Sub-
Saharan region has restricted ability to prevent, diagnose and treat NCDs. Therefore, 
NCDs are the major cause of deaths in our communities (Murray et al. 2012) and 
they threaten the attainment of several sustainable development goals.

Since NCDs usually are associated with prolonged durations and excessive treat-
ment costs, they put a substantial burden on communities and families; thereby 
forcing them into poverty (Zhao et al. 2024). WHO has predicted that management 
and surveillance of NCDs might cost the world economy up to US$47 trillion by 
2030 (World Health Organization 2018). This indicates that there is an urgent need 
to deal with NCDs using any means possible. Zhao et  al. (2024) postulated that 
there is convincing evidence that shows that effective interventions can decrease 
premature deaths as a result of NCDs. Existing literature has indicated that these 
interventions include bolstering health and medical interventions (by early detec-
tion, prevention, treatment and continuous management) and mitigating modifiable 
risk factors (such as adopting a healthy diet, quitting smoking, increasing physical 
activity and restricting alcohol consumption) (Banatvala et  al. 2023; Shah et  al. 
2022). Basically, the prevention and management of NCDs is one of the priorities of 
global policy priorities.

There are several challenges that should be addressed to reduce the burden of 
NCDs. These embrace the need for healthcare innovations, especially for under-
resourced countries. Of late, AI has been effectively implemented in the prevention 
and control of NCDs (see, for example, Zhao et al. 2024). It has been used to fortify 
medical and health interventions. AI tools are progressively being implemented in 
the healthcare sector for several purposes. Deniz-Garcia et al. (2023) postulated the 
integration of AI into mobile health (mHealth) apps, which has the ability to sub-
stantially support people and healthcare experts in preventing and managing NCDs 
in a personalised manner. The authors further stated that mHealth apps are exten-
sively available, low in cost and can assist enhance healthy behaviours. Milne-Ives 
et  al. (2020) opined that mHealth apps could encourage healthy food selections, 
upsurge in physical activity and decrease of sedentary time. El-Rashidy et al. (2021) 
proffered that AI-powered mHealth apps can be utilised for the remote monitoring 
of people with chronic diseases, assisting to lower diagnostic costs and time while 
enhancing healthcare delivery.

In Africa, the growing adoption of mobile devices has not only led to a surge in 
Internet users, but has also established alternative supply chain channels across vari-
ous industries, including healthcare. However, the number of AI-based mobile 
applications for diagnostics for NCDs is restricted. The situation is even worse 
when we refer to AI-based mobile applications that integrate quick diagnostics with 
patient wellness and loyalty programs. Further, in Africa, substantial progress has 
been attained in developing technologies to fight diseases, even though the majority 
of research is executed outside the continent (Atewologun et al. 2024). This poses 
challenges to the long-term sustainability of addressing NCDs within Africa 
(Atewologun et al. 2024).

Implementing semi-structured interviews with Lifesten, a Rwanda-based startup, 
this case study examines the use of AI and mobile applications to enhance the diag-
nostics of NCDs and promote wellness. Lifesten expands the digital healthcare 
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supply chain beyond conventional healthcare facilities, incorporating pharmaceuti-
cal companies, health insurers, retailers, patients and community forums. This 
chapter is organised as follows. Section 8.2 presents the review of literature and 
Sect. 8.3 summarises the methodology implemented in this study. In Sect. 8.4, study 
results are outlined. Section 8.5 concludes the study and exhibits the implications 
and avenues for future research.

8.2 � Literature Review

Digital health incorporates all healthcare technologies such as mHealth and cuts 
across numerous areas (Mescher et al. 2024). U.S. Food and Drug Administration 
(2020) indicated that digital health is associated with “the vast potential to improve 
our ability to accurately diagnose and treat disease and to enhance health care deliv-
ery to all people”. mHealth implements smartphone and mobile device apps to 
achieve these goals (Chan 2021). In practice, mHealth has become a crucial compo-
nent of the health care information technology industry, experiencing substantial 
growth of late (Chib and Lin 2018). Extant literature has indicated that this expan-
sion has been partly powered by the proliferation of devices such as wearable tech-
nologies, mobile sensors and Internet of Things devices which are widely used for 
monitoring in medical institutions and hospitals. Interestingly, some of these devises 
are even used outside hospital sites for remote in-home care. Further, the adoption 
of mHealth has increased exponentially over the past two decades, coinciding with 
the improved functionality and widespread adoption of smartphones, tablets and 
other personal electronic devices (Mescher et al. 2024). Therefore, the quantity of 
direct-to-consumer mHealth apps has increased to hundreds of thousands (Mescher 
et al. 2024).

Figure 8.1 illustrates the functioning of mHealth apps, which integrate data from 
various sources into a smartphone-premised platform to deliver guidance and advice 
for health care patients, professionals and healthy individuals (Deniz-Garcia 
et al. 2023).

Fig. 8.1  Conceptual block illustration of mHealth app function. Source: Deniz-Garcia et al. (2023)
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Of late, AI has transformed health care delivery (Bhatt et al. 2022). The authors 
(Bhatt et  al. 2022) further stated that AI techniques have been implemented to 
design forecasting models for the early detection of diseases and these forecasting 
models leverage mHealth data to determine new ways for managing and detecting 
mental health conditions and chronic diseases. The use of AI-powered mHealth 
applications has become a fast-growing research area. Among other reasons, the 
aim of implementing AI to design mHealth apps is to enhance treatment, thwart 
diseases, monitor people with chronic diseases remotely, reduce costs and time to 
diagnosis, offer improved health care delivery (El-Rashidy et al. 2021), and offer 
more personalised health care (Johnson et al. 2021; Mesko 2017).

Even though AI-based mHealth applications have potential to improve health-
care delivery, there are numerous challenges that limit their use in medical prac-
tices. Mescher et al. (2024) opined that mHealth apps are usually unregulated by 
global regulatory organisations and are seldom assessed for quality, effectiveness, 
safety and data security. In the same vein, Deniz-Garcia et al. (2023) postulated that, 
in spite of an expanding mHealth apps body of literature, their efficacy is still an 
issue of debate. Existing literature has indicated that clinical efficacy of mHealth 
apps is debateable and these apps are not able to maintain user engagement. The 
authors (Mescher et al. 2024) indicated that, in practice, several evaluation frame-
works and scales are in place, but the responsibility of appraising mHealth apps is 
with the end users. Consequently, it is difficult to identify mHealth apps that must 
be endorsed by healthcare givers and implemented by patients since there is a mul-
tiplicity of these apps, and there is lack of evaluation and oversight (Mescher et al. 
2024). Bhatt et al. (2022) proffered that, presently, not much is acknowledged con-
cerning the implementation of AI-powered mHealth settings. Deniz-Garcia et  al. 
(2023) (and references therein) indicated that the evidence buttressing the imple-
mentation of mHealth apps is not convincing.

Internet connections and smartphones are not accessible all over and the costs 
related to their implementation can be an obstacle even if they are accessible (Deniz-
Garcia et al. 2023). This study further suggested that physical restrictions like blind-
ness; language, digital and health literacy; and the lack of awareness of safe and 
efficient mHealth apps are some of the challenges. Brault and Saxena (2021) showed 
that AI is unable to critically think, thereby it cannot execute an intellectual and 
epistemic examination of the results found. This indicates that the validity of the 
results should be critically assessed by experts to evade problems. As indicated by 
Deniz-Garcia et al. (2023), Zhang et al. (2018) revealed the challenges for AI adop-
tion in mHealth from the viewpoints of medical research and AI technology (see 
Table 8.1).

Other challenges facing the use of AI in mHealth apps include algorithm pro-
cessing time, which is critical for a diagnostic tool that requires rapid results (Deniz-
Garcia et al. 2023).

Concussively, even though mHealth apps are projected to grow exponentially, 
their efficacy and long-term influence usually differ as a result of technical chal-
lenges, user obstacles or inadequately designed interventions (Holtz and Mitchell 
2024). Many existing apps lack efficacy or fail to sustain user engagement. These 
authors further opined that these obstacles highpoint the requirement for enhanced 
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deliberations when building these apps and the creation of best practices for design-
ing mHealth apps that are efficient. In summary, more research is required on the 
implementation of AI in mHealth apps.

8.3 � Methodology

The study conducted a semi-structured interview with the chief executive officer 
(CEO) of Lifesten to analyse the implementation of AI and mobile applications to 
augment the diagnostics of NCDs and promote wellness. The CEO has a master’s 
degree in digital global health from the University of Manchester and has also stud-
ied at Cambridge University. Further, the CEO has worked with a few local and 
global organisations, including the WHO, the Global Non-communicable Disease 
Alliance and the World Obesity Federation. These organisations have been working 
primarily at the intersection of digital health advocacy and NCDs. The interview 
lasted for an hour. We use semi-structured interviews since they are suitable for 
dealing with more sophisticated social-behavioural research questions (Adeoye-
Olatunde and Olenik 2021). The interviewer can ask more questions to comprehend 
the perspectives of the participant. In the same vein, Belina (2023) propounded that 
semi-structured interviews are efficient in gathering perceptions into concealed fac-
ets of social life, challenges that are not closely noticeable. The author also 

Table 8.1  Challenges for AI adoption in mobile health from the viewpoints of medical research 
and AI technology

AI technology-associated matters

•  Structure and data origin
- � presence of varied and sophisticated 

databases: diverse data sources do not offer 
standardised data that can be simply merged

- � laboratory results uncertainty as a result 
systematic and random errors: the 
acquirement of high-quality data is 
occasionally operator-dependent

- � requirement for huge data amounts for AI 
algorithms training

• � Algorithms architecture
- � lack reproducibility of results: diverse 

training processes can offer diverse 
forecasting results in diverse clinical settings

- � Problems of overfitting: AI models may not 
be capable to generalise for huge and diverse 
populations

- � high computational power and time needs: 
as a result algorithm sophistication and data 
volume

-  intra- and interindividual data variability

Medical research-associated matters

•  Interdisciplinary nature of research
- � data security and privacy: data from many 

people is required to train the algorithm
•  Learning process of deep learning
- � need to circumvent black-box technology: 

necessary to know why a classification 
process functions or not

- � medical specialist assessment: need for 
clinical approval and validation of the data 
patterns recognised

Source: Deniz-Garcia et al. (2023)

8 Lifesten Health: Quick Diagnostic Mobile Application for Non-Communicable…



172

indicated that semi-structured interviews allow for the exploration of under-
researched areas. Sampling is a vital facet of qualitative research design since it 
affects the study findings’ trustworthiness (Adeoye-Olatunde and Olenik 2021). 
Purpose sampling was used in this study. We adopted it because it studies only the 
population that is of particular interest (Andrade 2021). Literature also indicated 
that purposive sampling is usually viewed as more effective in apprehending the 
insights of senior elites (López 2023 and references therein). The study adopted 
content analysis. Maier (2017) propounded that content analysis is valuable in 
describing communicative messages, the research process is comparatively unob-
trusive, and content analysis offers a comparatively safe process for examining com-
municative messages.

8.4 � Findings

This study analyses the implementation of AI and mobile applications to enhance 
the diagnostics of NCDs and promote wellness. The study findings are presented in 
this section.

Lifesten is one of the two companies in the Sub-Saharan Africa that have applied 
the use of transdermal optical imaging technology via smartphones at a population 
level and optimised the intersection of mobile applications, AI algorithm and well-
ness programs to achieve United Nations Sustainable Development Goal 3 of good 
health and wellness. From the diagnostic perspective, it offers a versatile transder-
mal optical imaging innovation that uses near infrared light for quick capturing of 
blood flow in the face and using the data for diagnostic and analysis of NCDs. The 
strength of transdermal optical imaging is its AI unique properties that leverage 
light to provide non-invasive, detailed real time diagnosis. Loyalty programs are 
integrated as a strategic tool to foster patient engagement, promote repeat utilisa-
tion, enhance profitability, harness health related data, retain and attract users, 
encourage proactive good health and well-being, and promote diffusion of the inno-
vation. The smartphone or mobile application serves as a remote and digital health-
care supply chain pipeline that connects different stakeholders from patients, 
doctors, healthcare facilities to responsible government officials. Through the digi-
tal platform, several stakeholders produce and deliver healthcare services from 
diagnostics, referral logistics, prescriptions and analyse healthcare products or 
inventory. The following quote supports this argument:

Lifesten Health is for profit enterprise that has a digital innovation. We are the second com-
pany in sub-Saharan Africa, to introduce Transdermal optical imaging to the public. 
Transdermal optical imaging is technology where with your smartphone you can be able to 
scan your face and we look at the flow of blood under. Through an algorithm and in 30 
seconds we’re able to give your blood pressure, your body mass index, your stress index, 
your cardiovascular disease risk, and 13 other critical health diagnostics and we’re able to 
give you all of that data in in 30 seconds. It is literally a 30 second facial scan or a 30 second 
selfie as we communicate it to our people and then off getting the results, individuals get 
personalized health plans. CEO
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The intersection of technology, supply chain and loyalty create a triple helix and 
complex supply chain approach to healthcare service. The structure is a multi-tier 
chain with three strands of partners with varied needs and businesses. The first stand 
constitutes digital entrepreneurs and their investors such as Lifesten Health, 
PricewaterhouseCoopers (PwC) and Norvatis Foundation. The second strands are 
public or government ministers of health, Information and Communication 
Technology (ICT), and research health centres. The third strand constitutes produc-
tion and retail supply chain stakeholders. This was showed by the response in the 
succeeding quote:

From the stakeholder standpoint, we have a lot of stakeholders who saw the vision, saw the 
innovation and really worked with us to ensure that we’re able to bring this to life. So, we 
have the Novartis Foundation as an example, who was a financier. We are also very lucky to 
have the government such as the Ministry of Health and the Ministry of ICT in Rwanda. 
Another key stakeholder is PwC. CEO

Of particular interest was the understanding of the unique business needs of the 
chain stakeholders. Government partners such as the minister of health and ICT 
appears to bridge infrastructural challenge, whilst delivering healthcare with limited 
resources and stress to healthcare budgets. Academics and research partners harness 
high impact research data, with evidence-based impact. Loyalty partners such as 
pharmaceuticals, health stores, gyms, nutritionists and physiotherapists encourage 
repeat purchases and retention crucial for profit and sustainability. Technology own-
ers and investors increase adoption, impact and return on investment. The health-
care data and database serve as critical intelligence for new businesses opportunities 
and healthcare products. Furthermore, it’s a repository of insight necessary for pre-
dictive and preventive healthcare for global and national stakeholders. The quote to 
support this is as follows:

A big opportunity that Lifesten Health is working on is to transform the data into predictive 
and behavioural use cases for the user. For predictive analysis, we will offer this for govern-
ments, for institutions, for organisations that are interested in predictive health of users to 
better prepare them to react to and also prevent, the rise of new diseases. So, that is a pio-
neering field where we are continuously gathering these data points and hoping that in a 
very near future within the next 18 months that we are able to begin capitalising on these 
data points that we are currently collecting or working on. CEO

The digital affordance of mobile applications makes it possible for multiple digital 
products to be delivered simultaneously for a transformative e-supply chain. 
Lifesten AI-based application leverage its high penetration in Africa and the in-built 
capabilities to diagnose and visualise cardiovascular NCDs at a cellular level. As an 
e-supply chain channel, it’s able to capture, in real time, fine details at a cellular or 
molecular level necessary for instantaneous quick diagnostics. Rewards and loyalty 
programs are by design strategic tools to manipulate human behaviour towards a 
positive outcome, in this case, health goals, whilst simultaneously fostering cus-
tomer retention for participating gyms, health stores, nutritionist, etc. The partici-
pant observed the following:
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We all know from health economics that doing things that are healthy is hard. Going to the 
gym, working out, eating the right food is hard. So, individuals need ways to be incentivised 
to engage in this healthy behaviour. Engaging in healthy behaviour in the short term does 
not give you visible results. Rather, the results usually come in the long term and individu-
als are wired to primarily want to get or do activities that give them short term rewards. 
That’s why junk foods, alcohol and betting and these kinds of things are usually more 
attractive to individuals because they give short term rewards. How can I create innovations 
that essentially help in incentivising individuals to adopt healthy behaviour so that we are 
able to prevent NCDs or lifestyle diseases? That is how I came to develop Lifesten. CEO

The impact of Lifesten’s supply chain and business model can be measured by the 
company’s supply chain partners, investors, government partnership, media atten-
tion, projected income and the number of healthcare users enrolled in less than a 
year. The company’s business model captures profit at both ends of its chain. The 
business to business to customer model (B2B2C) offers corporates a wellness pack-
age or program at $119 per person per year. Hence the business to customer (B2C) 
model offers health insurance plans of $36–96 per person per year. For a population 
of 1.6 million, the corporate program of $199 plus customers’ health insurance at 
$96, the projected and estimated revenue is $344,000,000 per year. The quote to 
support this is as follows:

We reached 1.6 million people in a span of 10 months with our government partners. This 
also attracted international attention from organizations like CNN and DW, who also fea-
tured Lifesten innovation on the global system. So, those are the initial reactions in terms of 
the innovation and it being on the market. Being in the market for a while, we’ve seen a 
rising interest from other countries. Lifesten Health, by the way, is accessible globally and 
we have 64 countries all over the world or users from 64 countries all over the world. CEO

PERSONAL PLANS B2C (Health Insurance Plans) $36–96 PER PERSON PER 
YEAR.  WORKPLACE PLANS B2B2C (Cooperate Wellness Programs), $119 PER 
PERSON YEAR. Pitch Deck

8.5 � Discussion

The study findings highlight a pathway for achieving unified vision amongst supply 
chain stakeholders. The partnership between several stakeholders like investors and 
government, and wellness is geared towards achieving a unified vision of United 
Nations Sustainable Development Goal 3 of good health and wellness, whilst fos-
tering economic growth through consumption of products. Sustainable Development 
Goal 3 vows to “ensure healthy lives and promote well-being for all at all ages” 
(United Nations 2015). For example, retail partners such as health stores, pharma-
ceuticals and gyms foster consumption of goods and services necessary for eco-
nomic growth. Government partners deliver healthcare service to the public. 
Investors pave way for new markets and comprehensive digital products, enabling 
the implementation of advanced technology such as cloud platforms, AI and IoT to 
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optimise operations for predictive health and preventative analytics that deliver 
automated and instantaneous diagnosis and decision-making.

In support of this, Aminizadeh et al. (2024) propounded that the dawn of AI has 
steered a wave of transformative applications developed to augment healthcare ser-
vices, with Machine Learning as a remarkable subclass of AI. Tiwari and Waoo 
(2024) and Haleem et  al. (2022) are some of the authors that indicated that the 
implementation of technology in healthcare is restructuring the industry, providing 
unparalleled prospects to improve diagnostic accuracy, enhance patient care and 
elevate operational efficiency. The study also highlights the possibilities of enhanced 
communication and collaboration through the Lifesten platform, necessary for 
establishing trust and sustaining relationships. In the same vein, Nielsen and Sahay 
(2022) postulated that digital platforms and ecosystems transform how users coop-
erate, interact and collaborate in the health sector.

Interestingly, the case study offers empirical insight of remote digital production 
and e-service delivery of healthcare through diagnostic, delivery and sale of insur-
ance products, tech products (AI-application), gym service, nutritional products and 
pharmaceutical and health products, among other things. The quick diagnostic 
mobile application innovation has the ability to configure e-supply chain that deliv-
ers the triple objective of right product at right place at the right time. Put differ-
ently, the case study reveals a transformed integrated logistics solution that produces 
and delivers digital products and services remotely. The quick diagnostic and refer-
ral system creates a dynamic e-routing system that optimise mobile phones as deliv-
ery channels using real time data for cost and time effective solutions across regions 
and countries.

Lifesten Health is a reformed digital conglomerate company. That is to say, it is 
a diversified organisation that functions across numerous industries or sectors, with 
its main foundation focus erected on digital technologies. This company leverages 
digital platforms, online services and advanced technologies like AI to create, 
deliver and monetise its products and services. It is an epitome of a disruption com-
pany, which transcends industries to optimise economies of scale through the power 
of mobile application as a shared resource for centralised management, revenue 
generation, collaboration platform with a unique purchasing power between B2C 
and B2B markets. In the same vein, Walton (2014) proffered that Internet-premised 
companies have a huge influence upon traditional value creation actions via the 
disintermediation of supply chains. The authors further stated that these companies 
leverage core competencies and attain profits ascending from better resources, and 
this novel configuration of competitive advantage is premised on possessing a better 
ecosystem that implements data as the key resource as an alternative to capital.

Obviously, the diverse portfolio is critical for diversification of risks where poor 
performance in one area can be offset by better performance in another area. Thus, 
creating a sustainable and profitable model necessary for financial stability through 
multiple revenue streams and cash flows. The latter is critical for digital market 
stability, accumulation of market power necessary to dictate future pricing, supply 
chains and shares regulatory frameworks. Even though some studies discovered a 
“diversification discount” (for instance, Berger and Ofek 1995), Choi et al. (2021) 
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revealed that, generally, greater diversification, in terms of product and geographi-
cal markets, is related to higher company performance. Although the digital con-
glomerate offers exciting opportunities, it also offers complex management 
structures, which could potentially lead to inefficiencies and conflicts.

Moreover, it heightens regulatory scrutiny for strict compliance. Under the same 
line of reasoning, similarly, Witt (2022) postulated that the rise of a few dominant 
digital platforms with extensive global networks of interconnected services is rais-
ing substantial issues among competition agencies. Interestingly, the author (Witt 
2022) opined that although the United States and United Kingdom authorities have 
not yet acted against any conglomerate acquisitions in practice, evidence shows that 
they are increasingly receptive to non-horizontal theories of harm once more. There 
are scarce digital entrepreneurs that bridge the gap between science, health and 
technology through a single platform. This may be attributed to scarce and uncon-
trolled resources (Zajicek and Meyers 2018). In the same vein, Lim and Anderson 
(2016) postulated that healthcare providers are slower when it comes to the adop-
tion of new innovations.

The case represents the centre of interdisciplinary integration and application. 
This is important because, to enhance innovation diffusion, there is a need for mul-
tidisciplinary buy-in from other stakeholders (Lim and Anderson 2016). On one 
hand, it is the application of cardiovascular NCDs medical knowledge enabling the 
production and delivery of diagnostics tools, whilst promoting wellness. On the 
other hand, it bridges technological advancement to improve healthcare. Taken 
together, the former and the later are in their nature, an integration and application 
of scientific discovery. The case study serves as an empirical example of a triple 
helix model of innovation between academics, government and industry to drive 
healthcare service, economic growth and innovation. In support of this, Etzkowitz 
(2003) articulated that innovation is progressively premised upon a “triple helix” of 
university-industry-government connections. As an academic, the digital entrepre-
neur provides research-based products, whilst industry stakeholders drive its com-
mercialisation and practical application for high impact, especially to vulnerable 
communities. Government provides a conducive environment for innovation and 
emerging markets to thrive, whilst minimising infrastructural barriers and expedit-
ing service delivery.

Lifesten provides a shared database necessary for intelligence and analytics. This 
enables stakeholders to access relevant healthcare data for new products, demand, 
forecasting and predictable healthcare plans to optimise healthcare supply chain 
operations. Looked at differently, healthcare supply chain partners are in a better 
position to collect and develop new products and services based on historic pur-
chases, historic diagnosis, trend analysis; whilst sharing consolidated reporting 
across diverse business units. It is the foundation for AI-powered analytics for auto-
mated health, consumption and wellness insight that offers predictive and health 
consumption capabilities; whilst delivering instantaneous intelligence. This indi-
cates that companies can build competitive intelligence through data analytics (see, 
for instance, Niu et al. 2021; Ranjan and Foropon 2021).
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The findings of the study indicated that the digital affordance of mobile applica-
tions makes it conceivable for numerous digital products to be delivered concur-
rently for a transformative e-supply chain (see, for example, Wong et  al. 2020; 
Marent et al. 2018). Also, it has been highlighted that mHealth applications should 
leverage their high penetration and their in-built capabilities to instantaneously 
diagnose and visualise NCDs. Moreover, rewards and loyalty programs can influ-
ence the behaviour of people towards positive outcome health goals and at the same 
time, foster client retaining for participating gyms and health stores, etc. This argu-
ment of behaviour change is supported by Marques et al. (2017) and Daryanto et al. 
(2010). Generally, Lifesten’s supply chain and business model has a significant 
impact in the healthcare sector.

8.6 � Conclusion

Using semi-structured interviews with the CEO for Lifesten, we analysed the imple-
mentation of AI and mobile applications to enhance the diagnostics of NCDs and 
promote wellness. Lifesten, a Rwandan startup, is one of the two companies in Sub-
Saharan Africa that optimised the intersection of mobile applications, transdermal 
optical imaging AI algorithm and loyalty program to attain sustainable goal 3 of 
good health and well-being. The findings of the study reveal impactful mobile 
health applications for transdermal optical imaging, particularly in self-screening 
for blood pressure, improved triage and referrals to healthcare facilities and online 
monitoring of healthy diets. Further, the study indicates that AI-powered mHealth 
applications profoundly promote patient wellness and loyalty programs by high-
pointing the transformative effects of AI on patient wellness and loyalty programs. 
This case study underscores the practical applications of digital health innovations 
in Africa while also reflecting their broader, unintended implications for the global 
healthcare supply chain.

The chapter urges policymakers to adopt AI-powered application in order to 
enhance diagnostic tests of NCDs and promote patient wellness and loyalty pro-
grams. Also, quality criteria-based policies for sensitive data management and pro-
tocols to standardise data acquisition are required to improve performance and 
increase their use among patients and health care professionals. Even though the 
study discovered some interesting results, it can be extended in several dimensions. 
First, although Lifesten is the digital conglomerate that offers exciting opportuni-
ties, it also offers complex management structures, which could potentially lead to 
inefficiencies and conflicts. Moreover, it heightens regulatory scrutiny for strict 
compliance. Therefore, future studies can assess if it does not dilute focus and com-
promise effectiveness and efficiency. Second, future studies can explore the envi-
ronmental impact of the e-supply chain model.
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