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1. Introduction  

Our planet is increasingly facing troubling times with worrying trends in food (in)security, poverty, 
inequality and climate change making daily headlines. Companies, large and small, as well as 
individuals, are waking up to the call for frugal living and frugal consumption. Making an effective 
and fast transition from being resource intensive, polluting, and irresponsible to the opposite has 
become a matter of great urgency for the survival of all species. Efforts for achieving sustainable 
growth are seen by many as a frugal innovation (FI) revolution where the emphasis is to do better 
with less (Radjou & Prabhu, 2016).  

To achieve this Prakash (2018) proposes that companies must "reinvent themselves as frugal 
enterprises that integrate digitally empowered consumers, addressing their needs in a more 
valuable and cost-effective way". Artificial Intelligence (AI) is one of the frontier digital technologies 
that will shape our future more powerfully than any other innovation this century, in particular in 
the way that it will enable FI in delivering formidable solutions (Zhang, 2003).   Rao (2017) refers to 
this combination as advanced frugal innovations that will achieve even greater sophistication in the 
foreseeable future, playing a big role in the fourth industrial revolution, also described as the 
intelligence revolution (Wright, 2018). 

This chapter identifies how AI can enable and enhance FI to deliver cost-effective solutions to 
potentially billions of people, in particular those at the base and middle of the income pyramid. In 
layman’s terms, FI is when companies innovate throughout the entire value chain to develop 
products or services for customers who either cannot afford the current premium offerings and/or 
do not desire its unwanted features. The end result is offerings characterized by a substantial 
reduction in price and/or total cost of ownership/usage, a focus on core functionalities, and 
optimisation of performance level to meet the exact needs of target users.  

A key motivator in developing AI technology, where machines perform human-level cognitive 
functions, is to extend human capabilities and improve the quality of life.  Through a number of case 
studies from a diverse range of industries this article demonstrates how AI is helping frugal 
innovators to develop solutions that were previously not available or affordable to disadvantaged 
people. From this it is speculated on how the AI/FI partnership could potentially influence the 
development of cultures specific to education and training, in particular focusing on end users that 
are constrained in physical or financial ways. 

https://www.infoagepub.com/products/Management-and-Business-Education-in-the-Time-of-Artificial-Intelligence
https://www.infoagepub.com/products/Management-and-Business-Education-in-the-Time-of-Artificial-Intelligence
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Overview of Artificial Intelligence 
In the 18th century the Industrial Revolution began, and it changed the way we, humans, lived and 
operated businesses in dramatic ways. It is what paved the way for a lot of the infrastructure and 
technological developments that we experience today. We began manufacturing in much more 
efficient and economical ways increasing profits and growing a booming economy that has not 
looked back.  

Today, we are in the midst of a digital revolution that is in full swing and a particular technology is 
playing an increasingly important role in this revolution - Artificial Intelligence. Artificial Intelligence, 
or AI for short, was a term coined in the 1950’s by a group of scientists, including the late Marvin 
Minsky who defined AI as “the science of making machines do things that would require intelligence, 
if done by people”. This highlights a key aspect of AI that is different to the automation of tasks that 
we have experienced for over 50 years now - instead of automating just the repetitive, monotonous 
tasks, we are now automating tasks that once required human level intelligence such as driving a 
car, operating an aircraft, observing crowds for suspicious behaviours, trading the stock market and 
so on. This has profound impact on society, on our lives, our jobs, our economy and indeed our very 
future as humans.  

As mentioned, the concept of artificial intelligence in computing has been around for over a half a 
century now, the early promise of AI hit roadblocks when scientists and investors realised that the 
computational hardware could not support what was needed to make AI practical. Around 2010 the 
thirst for AI was reignited with some of the big tech companies making significant steps towards it, 
such as the Google Brain project that started in 2011 and IBM’s Watson that beat human champions 
in the quiz game Jeopardy in that same year. Since then, AI has taken off at a dramatic speed driven 
by two main factors and an emergent third. 

The factors that have enabled the recent rapid progress of AI are: the abundance of data from all 
sectors that were digitized many years ago, in particular the explosion of the social media; the 
dramatic increase in computational power that allows AI techniques to be applied to the data 
available; and more recently the prolific investments made by companies (Mercer, 2018) and 
governments (for example, France’s $1.5 billion pledge to boost AI (Olson, 2018) alike in advancing 
the algorithms and hardware needed to advance AI techniques. 

Unlike the industrial revolution that created more jobs than it took away, the AI revolution is 
predicted to take away more jobs that it would create unless we rethink how we skill our future 
workforce. For example, a recent report from global management consulting firm McKinsey on the 
effects of automation and AI on jobs, skills and wages for the period ending in 2030 (Manyika et al., 
2017) estimates that between 400 million to 800 million individuals could be displaced by 
automation by 2030 and that up to 375 million people may need to switch occupational categories. 
The report however does suggest that as in the past, labour markets will adjust to meet demands for 
workers.  

It should be noted however, that the significant progress in AI has been on task specific AI, or what is 
commonly referred to as narrow AI. All the examples mentioned in the section such as playing 
Jeopardy, Financial trading or even driving a car fall under this category. The other category, General 
AI, is the more futuristic AI that is often depicted in movies and television shows such as Westworld 
(https://www.hbo.com/westworld) where machines are afforded human level intelligence to 
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perform any generalised task it is given. This has proven to be a near impossible task and it is fair to 
say it is well beyond current technology. There are some key features in humans that are extremely 
difficult to replicate in machines, such as human level understanding, empathy, intuition, emotional 
intelligence, to name a few. Yet, these features are not required for the millions of applications using 
AI, such as image recognition for example, a machine can be trained to find answers on the web via 
intelligence pattern matching without understanding what the question is really asking. 

What we have seen is that AI, and technology in general, is built to enhance and extend human 
abilities rather than replace humans. In fact, it has been shown that the best Chess players are 
neither human nor machine but the combined team of human and machine (Cassidy, 2012). More 
and more technologies and industries will be looking to harness the power of human-machine 
collaboration into the future.  

Overview of Frugal Innovation 
This section provides a more in-depth overview of FI and its various attributes and uses. It being a 
relatively new phenomenon that only started taking shape in the last decade, the meaning of frugal 
innovation is still fuzzy (Weyrauch & Herstatt, 2016).  

Prior to the inception of FI the prevailing mindset of international developed market firms (IDMFs) 
was to develop sophisticated and state-of-the-art products mainly for Western markets where 
businesses and consumers are affluent (Zeschky, Winterhalter, & Gassmann, 2014), hence able to 
afford such offerings. These companies simply did not perceive it sufficiently profitable and worth 
the effort to serve customers in emerging and developing markets with products and services aimed 
at meeting their specific needs and matching their unique conditions.  At best, they would serve 
these markets with ‘glocalization’ strategies, i.e. the adaptation of international products around the 
particularities of a local culture in which they are sold (Robertson, 2012) to the so-called ‘haves’. Not 
surprisingly, such attempts met with very limited success as only a very small privileged minority can 
afford such products, hence the ‘have nots’, or resource-constrained consumers as they are also 
known, remained largely under-served or worst case, unserved. Resource-constrained, in this 
context, implies market conditions where material resources, time, and affluent customers are 
scarce (e-Cunha, Rego, Oliveira, Rosado, & Habib, 2013). As more than half the world population find 
themselves at the base of the pyramid (BOP) where people live on an income of under US $1 per day 
(Prahalad & Hart, 2002), this is indeed a dire situation.   

Various scholars hold differing opinions about the commercial attractiveness and feasibility of BOP 
markets. Some regard it as a multitrillion-dollar opportunity that provides great opportunities for 
product developers (Angot & Plé 2015; Varman, Skålén, & Belk, 2012), while opponents to this view 
(Karnani, 2007) refer to it as the ‘misfortune at the BOP’ (Pervez, Maritz, & de Waal, 2013), 
suggesting very limited market opportunity. Despite the negative perceptions, today many 
Multinational Corporations (MNCs) such as General Electric and Siemens increasingly view frugal 
innovation as a viable product innovation strategy for new and untapped markets (de Waal, 2016) 
while international conglomerates such as the Tata Group (India), as well as a plethora of SMEs and 
start-up ventures in emerging and developing markets very successfully exploit local frugal 
opportunities. 

Until recently, frugal innovations were mainly associated with emerging and developing markets, but 
they are now adapted and purposely created for developed markets. Adapted frugal innovations 
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that trickle their way up-stream into mainstream and/or marginalised Western markets by capturing 
the attention of cost minded customers, are referred to as reverse innovations (Zeschky et al., 2014). 
Roland Berger Strategy Consultants identify new and fast-growing customer segments in mature 
Western economies that become cost-conscious and no longer desire the unwanted features often 
associated with premium products (RolandBerger, 2015). They predict that 4.8 billion people will 
belong to the global middle class by 2030, hence the race is on to capture this fast-growing customer 
segment with frugal innovations. Already, the media frequently report success stories in these 
markets (Radjou & Prabhu, 2014). 

But what are the origins of frugal innovation? Carlos Ghosn, Chairman and CEO of the Renault-
Nissan Alliance first coined the term “frugal engineering” in 2006 as “the process of reducing the 
complexity and cost of a good and its production” in the context of new product development for 
developing countries (Radjou, Prabhu, & Ahuja, 2012). Taking an outcome view as opposed to a 
process view, many scholars have come up with slightly different definitions that essentially say the 
same thing (Hossain, 2018). Here,  the views expressed by scholars at the Centre for Frugal 
Innovation at the Hamburg University of Technology are adopted, who describe frugal innovations 
as “those innovative products, services or processes which seek to create attractive value 
propositions for their targeted customer groups by focusing on core functionalities and thus 
minimising the use of material and financial resources in the complete value chain. They 
substantially reduce the cost of usage and/or ownership while fulfilling or even exceeding prescribed 
quality standards” (Tiwari, Fischer, & Kalogerakis, 2017). Aligned with this definition, Weyrauch & 
Herstatt (2016) describe the three core criteria of frugality that must be simultaneously met, 
depicted in Figure 1, as: (a) substantial reduction in price  and total cost of ownership/usage (at least 
one third from a customer perspective), (b) focus on core functionalities (that are in fact required for 
its specific purpose and local conditions), and (c) optimization of performance level to meet the 
ever-changing needs of target users. Often, though not always, frugal innovations fulfil the same 
basic purpose as an existing first-world or conventional product, but are purposely engineered for 
frugal customers. They often constitute radical innovations and may contain disruptive elements.  

Figure 1: The three defining criteria for Frugal Innovation 
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 Source:(Weyrauch & Herstatt, 2016) 

From a review of the literature the authors found that within the three criteria or categories of 
frugal innovations, specific attributes (Table 1) strongly depend on and vary according to a specific 
context. For example, when comparing emerging markets with developed markets, the specific local 
conditions such as infrastructure, culture, and customer habits will demand different attributes from 
frugal innovations to best meet customers’ specific needs and intended purpose.  

Table 1: Categories and attributes of frugal innovation 

Substantial cost 
reduction 

Considerably lower initial cost of purchase price; reducing the total cost of 
ownership; minimising the use of material and financial resources; 
affordable; co-creation 

Concentration on 
core functionalities 

Functional and focused on essentials; minimising the use of material and 
financial resources; user friendly and easy to use; simple 

Optimised 
performance level 

Reliable; robust; high-end technology; maintain quality; fulfilling or even 
exceeding certain pre-defined criteria of acceptable quality standards; 
sustainable; eco-friendly; appropriate; adaptable; accessible; social 
benefit; portable; leapfrog technology; service ecosystems 

Source: Adapted from (Weyrauch & Herstatt, 2016); additions from (Lehner & Gausemeier, 2016) and (RolandBerger, 
2015) 

AI and Frugal Innovation 
A key principle in FI is to take what is in abundance and produce what is scarce. One of the key 
drivers of AI is the abundance of data and the ease and economical ways in which data can be 



6 
 

collected. The amount of data produced is doubling every two years and by 2020 the digital universe 
is expected to grow to 44 trillion gigabytes (Zwolenski & Weatherill, 2014)!   

AI techniques employed to process and analyse the data requires high performance computer 
hardware which today is available via cloud-based infrastructures that could service a wide-range of 
data processing via time sharing for example. So, it is possible to develop innovative frugal 
technological solutions incorporating AI to solve problems. Section 3 presents some examples of 
such frugal innovations.  

Advances in artificial intelligence have seen the creation of affordable and accessible technology that 
would otherwise be out of reach for most people. For example, virtual training environments, as 
there are affordable virtual reality headsets and even the latest smartphones today are equipped 
with augmented reality capabilities. This allows affordable and scalable training simulators to be 
developed for a wide variety of sectors.  

Augmented and virtual reality coupled with artificial intelligence software, are used in education and 
there are new and innovative technologies that are emerging. For example, the education company 
Pearson has teamed up with Microsoft to produce an app that uses holograms of patients to train 
nurses that uses Microsoft’s Hololens to project the holograms. The app provides a series of 
digitally-created healthcare scenarios, where students interact with professional actors pretending 
to be ill and learn how to diagnose and treat them. This would be resource intensive and not easy 
accessible if real human participants were to be used. What would make these affordable systems 
more effective is in the use of AI techniques that control the behaviors of the virtual patients and 
adapting scenarios to personalised to the individual student’s learning abilities.  

2. Current AI and FI Solutions 
AI has wide applicability and can be used virtually in every sphere of life (Nassiri-Mofakham, 2017). It 
has been deployed in contexts such as the health service; education; cyber security; law (Jiang et al., 
2017) transportation; energy, e-commerce, customer care, business strategy, and virtual assistance 
(Srivastava, 2018).  We next discuss how three companies in the transport, water supply, and 
medical industries have integrated AI technologies in frugal products that are transforming lives and 
impacting whole communities for the better. 

Case Study 1: Twende-Twende (let’s go) app 
Twende-Twende is an intelligent transportation system (ITS) that extends the Traffic Awareness 
System (TAS) to cater to the specific needs, preferences and constraints of Nairobi drivers.  

The end user problem 

Nairobi, a city with just over 3 million inhabitants, has an enormous traffic problem that is estimated 
to cost them $600,000 per day (Ehrlich & Fu, 2015). Many sources cite it as one of the top five 
congested cities in the world, and arguably sitting at top spot in Africa (Mutavi, 2017). While the size 
of the population is far from excessive compared to other world cities, several factors contribute to 
Nairobians spending, on average, 62.44 minutes in traffic during week days. At the core of the 
problem is the poor design of Nairobi's ageing roads, with as many as eight lanes on the city's 
outskirts feeding into fewer lanes towards the city centre, causing bottlenecks. Add to this a lack of a 
proper and organised public transport system in the city that increases the number of personal 



7 
 

vehicles to such an extent that the city's road structure must cope with ten times the amount it was 
designed for. In addition to the loss in economic productivity and increased fuel consumption, the 
congestion problem is a huge contributor to environmental pollution. These problems are 
exasperated by economic constraints, dynamic events, uncertainty in traffic environments, limited 
road information (most streets are unnamed), and poor infrastructure (Kinai et al., 2014).  

Infeasible traditional solutions 

Elsewhere in the developed world, the problem of increased urbanisation is dealt with through the 
development of new roads and infrastructure. For Nairobi, however, this was and still is not a 
feasible option as the required investment in construction is exorbitant and prohibitive. Other 
significant challenges include the complex design and build of such schemes. 

Bricolage - making do with what is at hand 

Given the very limiting constraints, the quest was on for a cost-effective solution that would 
significantly ease traffic jams in the streets of Nairobi. In modern cities facing congestion problems, 
traffic systems have been deployed utilising existing infrastructure such as state-of-the-art cameras, 
satellites, and social media to estimate traffic density. Commuters can access the processed 
information and recommended routes in real time to minimize travel time. In Nairobi, the major 
technical barriers were the existing ultra-low-resolution city cameras in use which made image 
processing by computer extremely difficult, and their limited reach. Only five percent of roads were 
covered in 2013. The million-dollar question was how to integrate this almost obsolete, legacy 
technology in ways to deliver similar outcomes than those obtained from high-tech platforms in 
modern cities.  

The AI side of the solution 

To accurately estimate traffic flow, IBM Tokyo Research developed network flow algorithms to 
process and analyse the data captured by the city’s low-resolution cameras. This technology was 
complemented with a mobile app called Twende-Twende, which is Swahli for ‘let’s go’. It 
incorporates locally relevant context such as references to landmarks and user recommendations to 
predict congestion and create traffic awareness (Ehrlich & Fu, 2015). Commuters are informed via 
free text messages of real-time traffic conditions and the best routes for avoiding traffic jams. 

The FI side of the solution 

Smart cities utilise numerous systems of intelligent subsystems to ultra-connect people and 
organisations, thus providing them with quality products and services that result in sustainable 
socio-economic development (Voda & Radu, 2018). By any stretch of the imagination Nairobi is not a 
smart city. It is impossible to associate any of the smart city characteristics such as ‘ubiquitous ICTs 
applied to critical infrastructure components and services’ (Washburn et al., 2010), smart economy, 
smart governance, smart living and smart environment (Giffinger & Gudrun, 2010) with Nairobi. As 
the capital of a developing African country, it is instead characterized by all five of the so-called 
needs gaps that separate emerging markets from rich countries (Govindarajan & Trimble, 2012). The 
needs gaps are expressed in terms of performance, infrastructure, sustainability, regulatory, and 
preference. 
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Conclusion 

Below we indicate how the Twende-Twende solution succeeds in ‘leapfrogging’ the first three needs 
gaps by simultaneously satisfying all three criteria (see Table 1) of frugal innovation. We discuss the 
specific attributes alongside each criterion. 

1) Substantial cost reduction: While Nairobi does not necessarily aspire to become a smart city, 
through the combined use of AI and frugal innovation as manifested in the Twende-Twende app, the 
city succeeded in crossing the infrastructure gap by transforming its very problematic mobility 
situation into a smart solution. They achieved this through inexpensive utilisation of their old legacy 
system that delivers very low-quality images (VLQI), sidestepping the need to heavily invest in state-
of-the-art cameras. Even though estimates of cost saving are not known, there is little doubt that 
this approach saved the city millions in dollars. Clearly, the Twende-Twende app demonstrates the 
principles of minimizing the use of material and financial resources in delivering an affordable 
solution to the city of Nairobi and its road users. 

2) Concentration on core functionalities: The Twende-Twende app was purposely designed for the 
city of Nairobi after meticulous research into the specific needs of road users (Kinai et al., 2014). The 
incorporation of local context such as land marking, the choice of social media for live user 
recommendations, the type of information required and the desired accuracy of the system, are all 
examples of the emphasis placed on desired functionality and a focus on essentials. The unique 
combination of legacy combined with state-of-the-art technologies demonstrate the frugal principles 
of minimizing the use of material and financial resources. Finally, through ongoing and in-depth 
consultation with app users, the aim of achieving a user- friendly service has been widely 
acknowledged (Kinai et al., 2014).  

3) Optimized performance level: Despite only having had access to data extracted from 36 low-
quality traffic cameras at some key points in the city, IBM researchers developed a reliable model of 
how key "forks in the road" would predict all other roads (Kinai et al., 2014). With the help of AI 
technology, these researchers were able to leapfrog the need for installing expensive ICT 
technologies that are required by similar traffic systems in modern cities. Using and adapting what 
was already available on the ground, combined with the power of AI, this frugal solution achieved 
acceptable quality levels and comparable performances than premium traffic systems in operation 
elsewhere. As such it is great example of AI and FI combining effectively to help close the 
performance gap in this developing country. Though difficult to measure the resulting improvements 
in air quality, there is little doubt that Twende-Twende plays a part in closing the sustainability gap. 

Case Study 2: OxWater 
OxWater is a spin-out company implementing new technologies, models and analytics to deliver 
sustainable water systems in Africa and Asia. 

The end user problem and ineffectiveness of traditional solutions 

Millions of people around the world still lack sustained access to essentials such as clean water and 
electricity. This is particularly an issue in the continent of Africa, mainly in rural locations. Millions do 
not have indoor plumbing, instead, they rely on hand pumps to access groundwater. These hand 
pumps malfunction and break down over time and it is estimated that one-third of pumps are not 
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functioning at any given time (Evans & Others, 2010). Due to lack of resources, know-how and 
managerial expertise of the local communities, they often do not get fixed. This severely affects the 
communities, especially women and girls who would have to travel further to find water. 

FI utilising enabling digital technologies including AI 

OxWater (http://www.oxwater.uk/), a startup launched from Oxford University, has come up with a 
frugal solution that utilises basic mobile phone technology, smart sensors and smart algorithms, 
including AI techniques, to address this issue. In a nutshell, they build and deploy low-cost smart 
hand pumps, that houses simple and inexpensive sensors and a transmitter in the handle of the 
pump (Thomson, Hope, & Foster, 2012). The sensors capture data such as the motion of the handle, 
volume and flow of the water pumped which is then transmitted via regular SMS text messages to a 
central data server for processing.  The data is analysed via smart algorithms, incorporating artificial 
intelligence techniques. If a pump fault is detected, a local, trained repair team receives a 
notification to fix it.  The AI techniques also afford predictions of which pumps are likely to break and 
reports low groundwater levels. 

Following a successful prototype in 2011, the first operational smart hand pumps were installed in 
Kenya in 2012 as an operational trial. After a year-long trial the results showed that this frugal 
innovation was able to significantly reduce the hand pump downtime from 27 days to under 3 days, 
with 98% of the hand pumps working at any given time compared to the 70% prior to commencing 
the trial (TheSmithSchool, 2014). 

Other benefits 

In addition to the above, as the number of smart hand pumps scales across the continent, the data 
collected from each individual pump could be transformed into a large-scale, distributed shallow 
groundwater monitoring network (Colchester, Marais, Thomson, Hope, & Clifton, 2017). This will 
address a global challenge for solutions that enables timely and cost-effective groundwater 
monitoring, in both industrialised and developing countries. This in turn could enable action to 
protect water supplies and improve management of a resource that is under increasing pressure. 

They do this by using the handle movement data sent from each pump and use robust machine 
learning techniques that are sensitive to the subtle interaction between the dynamics of the hand 
pump and the underground aquifer beneath the pump to estimate the water level. 

Conclusion 

The smart hand pump solution is an excellent case study of frugal innovation empowered by AI that 
is solving problems that impacts millions of lives. As mentioned a key feature of all frugal technology 
is taking what is in abundance and enabling what is scarce. What is scarce here is the clean water 
coupled with the resources required to monitor the 200 million hand pumps across Africa, the 
knowledge on how to service the devices and the resources and expertise to monitor the ground 
water levels which is a precious commodity, especially in that part of the world. The solution was to 
take advantage of what was growing in abundance at that time - cell phone technology, which has 
grown even more today. As a quote from a CNN report in 2016 puts it - “In Africa, less than one in 
three people have a proper drainage system, half of the population live in areas without paved 
roads, and only 63% have access to piped water. Yet, 93% of Africans have cell phone service.”  The 
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low-cost sensors that allow data to be gathered at scale, provides an abundance of data that is 
generated and transmitted at hourly intervals to a cloud-based server. The advanced artificial 
intelligence computation completes the solution in providing the techniques for processing and 
analysing the data and generating the required reports.  

Case Study 3: SigTuple 
SigTuple (https://sigtuple.com) is a private limited company based in Bangalore, India. It was co-
founded in 2015 by Rohit Kumar Pandey who is the CEO (Crunchbase, 2018).  The company has 17 
investors and employs between101 to 200 people (PitchBook, 2018).  

Using sophisticated machine learning techniques, SigTuple builds intelligent solutions to perform 
medical testing thus their vision is to disrupt the medical diagnostic space by data driven 
intelligence. Its mission is to create a data driven, machine learned, cloud-based solution for the 
detection of anomalies and trends in medical data using deep learning, which improves the accuracy 
and efficiency of disease diagnosis. 

The end user problem 

SigTuple addresses the challenges of a shortage of doctors practising in distant regional areas, and 
ineffective as well as inefficient medical screening. By using remote diagnosis for blood, urine, and 
semen tests, the company is able to expand access health care to a wider clientele as it enables 
doctors to assess patients and testing remotely (Takahashi, 2017). The company’s core business is 
the provision of machine-learning based healthcare through its management platform known as 
‘Manthana’ which is designed to detect health anomalies through medical testing. Manthana aids 
diagnosis utilising an artificial intelligence-powered analysis of visual medical data, and this enables 
clinicians to improve accuracy in disease diagnosis (PitchBook, 2018).  

Manthana offers the following five solutions:  

• Shonit which is a complete peripheral blood smear analyser solution  
• Shrava which performs a urine analysis test to detect substances 
• Aadi which provides a semen analysis solution  
• Dhrishti which detects the fertilisation ability of sperm, and  
• Vaksha which conducts a chest X-Ray analysis.                                                

The AI side of the solution 

SigTuple is a classic example of a company that uses AI in the provision of healthcare services. 
Through their Manthana platform, the company uses AI to dramatically improve the speed, 
accuracy, and consistency of various screening processes thus enabling doctors to serve more 
patients with higher accuracy (SigTuple n.d). By applying knowledge, skills, and intelligence 
(Srivastava, 2018) the clinical screening services provided by SigTuple through the use of the 
microscope, cell phone, and cloud technology, are services that were performed by human beings 
and may be classified as artificial intelligence. 

The implementation of FI  

SigTuple’s core business provides sound examples of the frugal innovation conditions. For example:  

https://sigtuple.com/
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The first condition pertaining to the ‘relative to cost reduction’ is demonstrated in the cost 
reduction of a blood test. In India, the cost of a blood test ranges between $4 to $10. Instead, 
SigTuple charges between 40 cents to 80 cents, representing a massive 90% and 92% cost reduction 
respectively (Takahashi, 2017).  

The second ‘concentration on core functionality’ condition is demonstrated through Sig Tuple as 
being basically, and essentially, a medical diagnostic service provider with a focus on providing an 
insightful and interactive report to medical specialists whilst ensuring that their services are vastly 
affordable and accessible to the masses (Sig Tuple n.d).  

With respect to the third ‘optimal performance’ condition the company aims at dramatically 
improving speed of medical tests, accuracy, consistency, and wider accessibility of medical 
diagnostic services (Takahashi, 2017) to its clients.   

Conclusion 

Through its Manthana platform, SigTuple is an exemplar of the concepts of AI and FI as it has 
automated it medical diagnosis, a service perceived as requiring intelligence when performed by 
humans (Mehta & Devarakonda, 2018; Srivastava, 2018). In this regard, SigTuple’s technology 
qualifies it to be referred to as a company engaging artificial intelligence in its business practices.  

Frugal innovation requires that an innovation must lead to substantial cost reduction, concentrate 
on core functionalities, and optimise performance (Weyrauch & Herstatt, 2016). SigTuple’s 
approach to innovation meets these requirements as it is focused on core functionalities and 
reduces medical tests costs by more than 90%. Furthermore, it dramatically improves the speed, 
accuracy, consistency and accessibility of medical diagnostic services to local and remote clients. 

3. Case Study Conclusions  
Apart from meeting all three criteria of frugal innovations simultaneously, the cases described above 
share other important commonalities. Very noticeably is that their impact is huge, improving the 
lives of millions of people. Because the services and products are offered at affordable price-points, 
their uptake spreads rapidly among those markets and populations that previously had to go 
without.  

When developing frugal solutions, our cases indicate that in certain contexts, specifically lacking 
supporting infrastructure, the intertwining of ‘bricolage’ practices with state-of-the-art enabling 
technologies, such as AI, is key to success. In new product development (NPD), the principle of 
bricolage is likened to jazz musicians who are known to improvise on the spot. In similar fashion, 
NPD practitioners "examine and query the raw materials available and entice some order, creating 
unique combinations through the process of working through the resources he/she finds” (Barrett, 
1998, p. 619). When approaching NPD in this manner, practitioners take a pragmatic approach to 
identifying and adapting resources, and hence fashion novel responses that are unique to specific 
contexts (de Waal & Knott, 2013). Neither the low-quality cameras (Twende-Twende) nor the 
existing poor-performing hand pumps (OxWater) were discarded when the improved solutions were 
developed. Instead, they formed integral parts of the resulting frugal solutions. In regards to 
SigTuple, the development of the Manthana management platform was developed to target 
accuracy in disease diagnosis which reaches into regional areas thereby overcoming lack of 
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infrastructure. When AI and FI form special alliances as observed in our cases, we take the analogy of 
jazz musicians further by letting them do live streaming of their music to the masses, instead of only 
playing to a single, local audience at a time. 

Of further importance in the AI/FI alliance is the often flow-on effects, not always intended, that add 
additional value. On the one hand, this can be attributed to the specific nature of FI where solutions 
often address a main problem (e.g. traffic jams and broken hand pumps), but at the same time solve 
secondary problems as well, e.g. reducing environmental pollution (Twende-Twende) and being able 
to schedule preventative maintenance (OxWater). On the other hand, the ‘abundance’ attribute of 
AI allows for scalability and addressing problems at much higher and sophisticated levels than 
before, for example, monitoring groundwater levels over huge geographical regions in the OxWater 
case and in the case of SigTuple accurate disease diagnosis available in regional areas. From this it 
can be observed that the ability of AI/FI solutions to simultaneously tick several boxes (Table 2) in 
the United Nations’ (2018) Sustainable Development Goals (SDGs), which makes it highly worthwhile 
to pursue. 

Table 2: Primary and secondary impacts of AI/FI solutions on SDGs 

Cases Main problem & related SDGs Sub-problems & related SDGs 
Twende-Twende Traffic congestion / Lost productivity 

/ Economic losses 
SDG8: Decent work and economic 
growth 
 

Environmental pollution / Standard of 
living 
SDG11: Sustainable cities and 
communities 
SDG13: Climate action 

OxWater Broken hand pumps / Slow response 
time in fixing hand pumps 
SDG6: Clean water and sanitation 

Unknown levels of groundwater 
levels / Difficulty in managing 
groundwater 
SDG12: Responsible consumption 

Sigtuple Accurate medical diagnosis 
SDG3: Good health & wellbeing 

Tyranny of distance 
SDG17: Partnerships for the goals 

 

Finally, for all three  perfect harmony between AI and humans can be observed. Both need each 
other to work. The AI/FI alliance demonstrates the old and new worlds coming together. From the 
top down, companies offer the latest technologies, while from the bottom up, end users and 
consumers bring to the table what is available to co-create and co-deliver optimal solutions.  The 
final section explores how the learnings from these cases can be applied and made relevant to the 
future of education. 

4. Recommendations  

So far in this chapter the two trending concepts of AI and FI have been introduced. We showed how 
enterprises are integrating the former as an enabling frontier technology, and the latter as a process 
for achieving more, or better, with less. In what follows we make some recommendations in how AI 
and FI can change management and business education. 

Rethinking existing business practices 

Despite the evidence of some successful advanced frugal innovations, for many the path won’t be 
littered with roses, as both AI and FI have their own implementation challenges. Wright (2018) 
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believes that to date, the focus has been largely on adopting AI as a technology rather than applying 
it as a tool to solve existing problems. She observes an ongoing widespread lack of understanding 
among enterprises of the potential benefits for AI to solve real-world business problems. As both the 
needs of poor consumers and the socio-economic conditions of emerging markets differ significantly 
from Western markets, firms wanting to pursue FI as market entry or growth strategies must acquire 
different sets of technological and organisational capabilities if they hope to be successful. While 
'best practice' for traditional new product development (NPD) have been well established over 
decades of research, only in recent times some inroads have been made to understanding what 
adaptations in processes, approaches and managerial mind-set are required for successful FI (de 
Waal, 2017; Govindarajan & Ramamurti, 2011; Radjou & Prabhu, 2016). Hence the imperative is 
there for leaders and managers to rethink the required changes in mindset in going from premium 
offering and first-world focus to advanced frugal solutions that serve the base and middle of the 
income pyramid segments. 

Teaching the ‘right’ future skills to business professionals and students 

As the principles and theories of FI are less than a decade in the making, in most countries around 
the world, with the exception of some leading firms in India, China, the USA and some European 
countries, the awareness levels among university professionals in developed countries (Melkas, 
Oikarinen, & Pekkarinen, 2018) and business executives are very low (de Waal & Tiwari, 2018; 
Radjou & Prabhu, 2015). Despite this, Radjou & Prabhu (2013) predict that Western firms will 
increasingly innovate “faster, better, and cheaper—and produce a steady stream of frugal solutions 
to delight value-conscious customers”. But this will only happen by raising the awareness and 
knowledge among producers in both developed and emerging countries of the benefits of advanced 
frugal innovations and retraining them in the operational methods and strategies to service the huge 
and untapped markets in the developing world. This process must already start with today’s youth, 
tomorrow’s business leaders. In our schools and universities, we must teach AI and FI and raise 
social and environmental awareness alongside ethical business practices among our students. It is 
important for the wellbeing of mankind that these principles be ingrained in the next generation of 
product developers. Sadly, as there are still many major corporations around the world that act 
unethically in their labour practices and working conditions (Patterson, 2018), there is the potential 
for FI to be constrained by such ethical considerations. It is therefore important that universities 
educate students about responsible innovation. Delft University of Technology is a great example of 
a university that is leading in this regard. Their OpenCourseWare on the topic of responsible 
innovation (https://ocw.tudelft.nl/courses/responsible-innovation/subjects/subject-1/) 
accompanied by a free textbook that contains all the content covered by the web lectures (TU-Delft, 
2017), are great resources. 

In higher education contexts, students must be given practical assignments that take them onto field 
trips where they can discover, first-hand, what third-world conditions are like and how the needs of 
frugal consumers are different from their Western counterparts. Many universities have already 
introduced summer courses where students earn credits by spending time abroad with frugal 
consumers, co-creating frugal solutions for needing societies. In Melbourne, Australia, for example, 
RMIT University in strategic alliance with Unbound (https://www.unbound.edu.au/), offer students 
innovative global education programs that take them to places such as Nepal, India and Vietnam 
where they engage with locals in FI projects. 

https://ocw.tudelft.nl/courses/responsible-innovation/subjects/subject-1/
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As many universities are quite international in terms of their student body, with many coming from 
emerging-market countries, Melkas et al. (2018) emphasize the significant unused potential of such 
students to address FI in terms of them being experts on their home countries,  providers of FI 
networks and training, builders of FI showcases, later contact persons (university students often end 
up in high positions when they return to their home countries), and as future employees in 
companies in developing countries. They further suggest attitudinal changes among university staff 
toward teaching and supervision. Students must initiate collaborative project ideas with NGOs that 
must be executed on a hands-on manner, with university professors in developed and developing 
countries working together in a concrete way to solve the problems posed by local industries.  

 AI has been a part of the core fundamentals in Computer Science programs at Universities for 
several decades now. Most of the AI curriculum has been constructed around the most influential 
and widely used text-book “Artificial Intelligence: A modern approach” by Peter Norvig and Stuart 
Russell (2009) (first edition released in 1994 and third edition released in 2009). Typical core topics 
include, problem-solving with search, automata, logic, planning, intelligent agents and machine 
learning. With the growth in AI uptake in industry, more universities have begun AI course offerings, 
in particular there is a growing number of short courses on AI topics offered by world leading 
universities such as MIT (Weldon, 2018). There is also the growing number of AI course offerings by 
Online Education Platforms such as the “Self-driving car engineer nanodegree program” offered by 
Udacity (2018). These programs are led by world-leading educators in the field and is often in 
partnership with industry partners. The ubiquitous nature of AI also opens up the question of how 
we incorporate AI literacy across all levels of education and not just at the higher education sectors, 
and there have been some recent proposals (Kandlhofer, Steinbauer, Hirschmugl-Gaisch, & Huber, 
2016). 

Redesigning education using AI and FI 

The higher education sector professes to train graduates so that they are job ready. Therefore, the 
curriculum that these institutions offer should be consistently designed and updated in order to be 
current and relevant to successive generations of workers and leaders. Artificial intelligence and 
frugal innovation are mutually compatible phenomena and thus there is a complementarity between 
the two cutting edge cross-disciplinary concepts. Business programs at both the undergraduate and 
postgraduate levels require educators to introduce their student cohorts to these complementary 
notions. The instructional method is conducive to case study analysis and in this way clearly 
exemplifies theory to practice so as to demonstrate praxis. Case study analysis provides real life 
learning that has relevance to specific industry and cultural contexts thus user friendly to culturally 
diverse student classes.  

Currently higher education institutions lack the teaching expertise and materials demonstrating the 
complementarity between AI and FI. Currently, each phenomenon is presented in their respective 
disciplines of IT and entrepreneurship. To date, no-one has presented the notion of integrating AI 
with FI within their curriculum design or delivery. Thus, it is essential for universities to train 
teaching staff in this field. Finally, it is no surprise that there is no suitable textbook available in this 
field.    
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