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Foreword

The potential of nations––how successful they may be––is largely determined by
just three factors: geography, demographics, and technology. How well the nations
achieve their potential is largely dependent on only two factors: economic policy
and political culture, for they dictate how talent is gathered and developed to deliver
success for the nations.

Technology is a major enabler of success. It can overcome geographical limi-
tations. It can turn the table on destabilizing demographics, whether it be a popu-
lation with low literacy, or an aging population. Technology allows a
“leapfrogging” over the barriers created by geography or anthropologised by
demographics. Thus it has particular importance for developing countries, which
need not be constrained to follow the same developmental path as today’s devel-
oped countries, but can instead leapfrog with the emergence of new, more efficient,
and more effective technology applications.

The subject of emerging technologies for emerging markets offers critical
insights and opens unbounded possibilities on what developing countries can
become, and how they can speed-up to get there. To anticipate these emerging
technologies is to position a nation well for the unfolding opportunities. This is
what makes this reference book for business and technology particularly significant
and useful.

The authors have uniquely focused their research on the things hoped for, but are
as yet unseen. Their discourse looks at the current and postulates toward the future.
The result is a book which is immediately useful for those whose focus is to create
the future rather than take incremental steps from the present. It is for those who
want to move early and quickly, and to do it not in a haphazard manner but with
thoughtful understanding and purposefulness.

The discourse can be read from many aspects. From the education standpoint,
the smart technologies discussed follows an education track often referred to as
STEM – science, technology, engineering, and mathematics. These are the
important subjects to be taught at schools, and to be inspired by teachers, to ensure
economic progress in rapidly developing countries. The knowledge of STEM sets
the foundation for real goods and services to be produced.
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From the technology innovation perspective, the book introduces low-cost ways
to deliver the most basic and necessary services to society. This idea rests on frugal
innovation, an appropriate terminology for emerging economies, where capital is
scarce and risks are high. Yet this is not a book on theories of technology. It dives
immediately into applications of technology using frugal approaches to empower
communities for a sustainable society. The focus of the technology applications is
on education, health, and financial payments, which are the most critical enablers
for developing countries to create opportunities for improving the lives of their
citizens.

The authors have cleverly woven these different aspects together to call their
book Emerging Technologies for Emerging Markets. It makes interesting and
important reading for technopreneurs, inventors, angel investors, development
specialists, and public policy makers to bring rapid progress to many nations. The
policy makers of emerging economies should carefully consider the implicit or
explicit recommendations of this book because they offer real insights into making
things happen, bring progress, and create a differentiation from countries that are
simply expecting or waiting for things to happen.

Finally, I take particular pride in noting that this book is being written, pub-
lished, and launched in Singapore. Once an emerging economy, Singapore, by
embracing technology under a bold and forward-looking leadership, is a living
example of what and how a nation can deliver, over a space of just 50 years, on the
standards of living and the levels of education, health, and financial services, which
much of the world wonders about and hopes for.

Lim Siong Guan
Group President, GIC and Professor in the Practice

Lee Kuan Yew School of Public Policy
National University of Singapore

viii Foreword



Preface

Many thought leaders have articulated that, within the next 10 years, the emerging
markets will be deeply influenced by emerging technologies such that business
operations, societal interactions, and the geopolitical landscape will be significantly
changed. These emerging technologies are related to information technology,
wireless data communication, man–machine communication, on-demand printing,
bio-technologies, and advanced robotics. The emerging markets, regardless of how
they may be called—BRIC, BRICS, or BRIICS—will be the main consumers
of these new technologies. The markets will, in return, offer ideas to influence
technological innovations that are more affordable. By then, firms may have to shift
their product development, sourcing and marketing functions to these emerging
markets to reap the benefits of affordable innovations. These new technologies
and innovations are likely to focus on the three pillars of economic and social
developments—financial services, health, and education—due to the multi-cultural
settings and demographics of the population in the emerging markets.

There are three trends that challenge the stability of economic and social
development in the emerging markets. The first trend is the rising cost of financial
services. It will come at a time where only the wealthy are able to have a bank
account. The current service charges levied by financial institutions to transact,
transfer, and make payments are high enough to push customers away to more cost-
effective alternatives. The unbanked populations, which may be as high as 80%
of the total national population in emerging markets, living at the base of the
pyramid, need access to affordable financial services. The second trend is the rising
cost of public and private health services, which has become a deterrent for many to
seek medical care. Alternative low-cost approaches for conducting a diagnosis,
recommending a prognosis, and providing therapy have to be found. The third and
last trend is the huge demand place upon the education systems that will rise with
population growth. Students and parents will increasingly face the escalating cost of
education.

The authors have dedicated their lives to research on emerging technologies that
will drive the sustainable development and growth of emerging markets.
The authors strongly believe that these technologies will innovate in tandem with
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the growth of the emerging markets. Furthermore, the focus of the new technologies
will be related to financial services, health, and education. The technologies
discussed in this book are affordable, easy to implement, and frugal. For these
reasons, the audience for this book is likely to be like-minded people who intend to
infuse such technologies and their applications into these rapidly growing markets.
Based on the three trends stated above, they are presented in 14 content-filled
chapters: Financial Services (Chaps. 2–6), Healthcare (Chaps. 7–10) and Education
(Chaps. 11–14).

The authors hope that this book will inspire the creation of new technologies and
frugal innovation. Hopefully, it will ignite a creative spark in research and devel-
opment directed towards emerging technologies in emerging markets.

x Preface
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Chapter 1
Introduction

Abstract The modern digital revolution that encompasses the computers, con-
nectivity, data, iPhones and internet, is both disruptive and divisive. It is disruptive
because it can and has displaced millions of workers. It is divisive because it
divides those who are experienced and technology-savvy from those who are just
experienced. The former will have promising career options and business oppor-
tunities while the latter will see their experience and their jobs replaced by intel-
ligent technology. This disruption and division will significantly impact the
emerging markets. Take for example, Foxconn, an icon of Chinese manufacturing,
at its height of its production employed 1.5 million workers to assemble electronics.
With the rising cost of labour and falling cost of automated manufacturing, it has
since replaced workers with robots. China’s path of progress will see more com-
panies similar to Alibaba that recently made a spectacular debut on the New York
Stock Exchange that employs only about 20,000 people.

Keywords Emerging technology � Emerging market � Innovation � Financial
service � Health service � Education

1.1 Technologies that will Reshape Our Future

In general the emerging technologies encompass new technologies that are cur-
rently developing, or will be developed, over the next 5–10 years, and which can
significantly change the business models and social environment. These include
information technology, wireless data communication, man-machine communica-
tion, on-demand printing, bio-technologies, and advanced robotics.

The World Economic Forum’s Global Agenda Council on Emerging Technol-
ogies reveals recent trends in technological changes in its Top 10 Emerging
Technologies. By identifying the most important technological breakthroughs, the
Council aims to raise awareness of the potential and to guide investment, regulation
and public understanding of such emerging technologies. For 2014, the Council
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identified 10 new technologies that could reshape our society in the future: Body-
adapted Wearable Electronics, Nanostructured Carbon Composites, Mining Metals
from Desalination Brine, Grid-scale Electricity Storage, Nanowire Lithium-ion
Batteries, Screenless Display, Human Microbiome Therapeutics, RNA-based
Therapeutics, Quantified Self (Predictive Analytics), and Brain-computer Interfaces
(World Economic Forum 2014).

1.2 The Emerging Markets that will Define the World

The term emerging market first appeared in 1981 and was reported by economists at
the International Finance Corporation (IFC) when the group promoted the first
mutual fund investments in developing countries. Antoine van Agtmael who coined
the term, emerging markets, now runs a fund management company with US
$24 billion invested in those markets. He believes that the combined GNP of
today’s emerging markets will overtake that of the developed economies. In the
next 50 years, emerging markets will be twice the size of today’s economic leaders.
Assuming that information technology is deployed to full effect, the populations of
these countries would be wealthier, healthier and better educated (The Economist
2007).

Since then, references to emerging markets have been popularized by the media,
used in foreign policy and trade debates, and proliferated in investment fund pro-
spectuses and multinationals’ annual reports. The definition of the term varies
widely to the referenced countries and depending who is reporting it (Khanna and
Palepu 2010).

Two decades later, a former Goldman Sachs economist came up with the term
“BRIC” that comprises of Brazil, Russia, India and China as countries whose
growth will shape the world economy in the coming decades (Cocks 2014). Later
“S” was added to become BRICS that included South Africa. There is also another
version BRIICS which included Indonesia and South Africa.

The Asian Development Bank (ADB) has identified 25 countries as emerging
market economies: Argentina, Brazil, Chile, China, Columbia, Czech Republic,
Egypt, Hong Kong, Hungary, India, Indonesia, Israel, Rep of Korea, Malaysia,
Mexico, Peru, Philippines, Poland, Romania, Russian Federation, South Africa,
Singapore, Taipei, Thailand, and Turkey. Of the 25 economies, 11 are in Asia,
seven in Europe, five in Latin America, 1 in the Middle East, and 1 in Africa (Park
and Mercado 2013).

In mid-2013, Bloomberg listed the top 20 emerging markets as China, South
Korea, Thailand, Peru, Czech Republic, Malaysia, Turkey, Chile, Russia, Indone-
sia, Columbia, Poland, Namibia, Zambia, South Africa, Mexico, Brazil, Hungary,
Morocco and Philippines. The list of markets is not that different from ADB, with
the exception it is more inclined towards the African continent (Bloomberg Markets
2013).
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However The Economist (2013) reported that the most impressive growth was in
four of the biggest emerging economies: Brazil, Russia, India and China (BRIC).
These economies have taken their own growth paths and for different reasons. But
their size singled them out as special, in terms of purchasing-power, they were the
only $1 trillion economies outside the OECD. Their growth rates were spectacular
(see chart). Today they are four of the largest ten national economies in the world.

In 2010, a popular US political commentator said that the “rise of the rest” is a
transformative, tectonic shift in the distribution of global power (Khanna and Pa-
lepu 2010). He reported that companies based in these emerging economies are
already challenging multinationals based in the developed world. Take for exam-
ples, China-based Lenovo has purchased the IBM personal computer business in
2004, and the acquisition of Jaguar and Land Rover by Tata Motors of India in
2008 are signs of the increasing business expansion by firms in emerging markets.
Some observers see the financial crisis of 2008 as an inflection point which
accelerated the emergence of these markets as dominant players in the global
economy.

1.3 R&D, Innovation and Technologies in Emerging
Markets

The OECD Report 2014 revealed that OECD countries on average invested 2.4 %
of their GDP in R&D in 2011. In the emerging markets, China invested 1.8 % of its
GDP (second highest spender on R&D in the world for 2011), followed by Brazil
1.2 % (2010), Russian Federation (1.1 %), South Africa 0.9 % (2008), India 0.8 %
(2009), and Indonesia 0.1 % (2009). Although they invested less than OECD
countries, China has made great progress in the last decades (OECD 2014, p. 80)
(OECD 2014). The report further stated that productivity among firms in China,
Indonesia, and South Africa was higher than those firms that did not have R&D
spending (OECD 2014).

The rapid growth in interest and importance of technology innovations in
emerging markets is evidenced by the exponential increase of published articles
about innovation (Jana 2009; Saraf 2009).

Although there is much R&D investment in the emerging markets, there is a
distinct approach being undertaken. The brand of innovation is called “jugaad” in
India, “zizhu chuangxin” in China, “gambiarra” in Brazil and “jua kali” in Kenya.
The English translation is associated with DIY or “make do and mend or just do it
(Radjou et al. 2012).”

The multinational corporations led the world in R&D in new product develop-
ment. For the vast majority of consumers in emerging markets, they consider these
products as expensive, not user friendly and with many features not deemed
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necessary. There is a need to keep the product simple that directly bring immediate
benefits.

There is the principle of reverse innovation that says that firms will need to start
moving product development, sourcing and marketing functions overseas
(Govindarajan et al. 2012). The mismatch in applications and pricing between
developed and emerging markets means that the dependence on Western product
development is not easily sustainable.

The farmers of South Africa’s Limpopo province use mobile phones to access
new markets to sell their (agriculture) produce provides evidence that the tech-
nology divide can be narrowed (The Economist 2007). In the same breath, the use
of a village phone can help the low-income households in rural areas of Nigeria
with employment opportunities, and thus to make a living and improve their quality
of life (Joseph 2012).

In recent years, information and communication technologies (ICT) impacted
greatly socioeconomic development in developing countries. Encouraged by the
development of rural IT network projects in countries like India, Sri Lanka,
Bangladesh and Philippines, the government of Vietnam focused on IT infrastructure
and capacity building efforts. Under the framework of public administration reform
in Ministry of Agriculture and Rural Development (MARD), a study was conducted
in setting up Rural Telecentres (RTs) to provide information to farmers in Vietnam.
Farmers’ opinions and their needs in relation to agricultural and rural issues were
considered in setting up 13 RTs in rural communities. The post-implementation
survey indicated that the RTs fulfilled their objectives in improving the livelihoods of
rural farmers (Vong et al. 2013).

The authors believe that the technologies that will emerge in tandem with the
growth of the emerging economies will be in health, financial services and education.

1.4 Health Technologies for All

The WHO (2011) has published a compendium of new and emerging technologies
that addresses global health concerns. These technologies are likely to be suitable
for use in low-income environments. The publication aims to increase dialogue
between ministries of health, procurement officers, donors, technology developers,
manufacturers, clinicians, academics and the general public. In doing so, WHO
hopes to raise awareness of the importance for appropriate design solutions, and for
further development and technology dissemination (WHO 2011). The compendium
specifically focuses on innovative technologies that are not yet widely available in
developing countries and some product concepts are still in progress. Technologies
in the compendium are presented in one page that summarises the health problem
addressed, the proposed solution and product specifications, based on data and
information provided by the developers of the technologies concerned.
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The eligibility for inclusion in the compendium has been evaluated by EuroScan
member agencies and WHO. Forbes (2014) reported that the list of projects among
many others are as follows: assisted vaginal delivery instrument; fetal heart rate
monitor by mobile phone, infant warmer, isolator system for laparoscopic surgery,
lab-in-a-backpack, point of care screening/diagnostic, low-technology child
restraint car seat, microbial water testing kit, mobile health record system for
pediatric HIV, mobile phone image transmission for diagnosis, mobile phone pulse
oximeter, pedograph, point-of-use water purifier, portable cell sorting and counting
device, portable system for pre-cancer screening at point of care, portable tele-
medicine unit, portable transcutaneous haemoglobin meter, and single-size con-
traceptive diaphragm (Honigman 2014).

In emerging markets with the vast populations, mobility is the key to health
services. Firstly, mobile-focused healthcare advances are simplifying the way new
technology is adopted by medical professionals and organizations. Secondly, the
wearable technology, including Misfit Wearables, FitBit, Jawbone UP and Nike
Fuel Band, will continue to provide medical professionals with the data they need to
effectively monitor and treat their patients on a day-to-day basis. Lastly, the EHR
Software electronic health records (EHR) software is providing governance and
accountability, control and the opportunity for healthcare providers and their
patients.

The Economist (2007) has reported a health technology project led by
Afghanistan’s biggest telecommunications company and partnering with the French
Medical Institute of Children (FMIC) and the Aga Khan University Hospital
(AKUH) in Pakistan, where FMIC will provide teleradiology (electronic trans-
mission of radiological patient images) (The Economist 2007). There will be an
average of 60–80 transmissions and 10–15 teleconferences between hospitals per
month, with the numbers increasing over time.

Other examples of health technology innovation for emerging markets are
breathing diagnosis (Lei et al. 2014) and programming a mobile phone application
to perform diagnosis of Bell Palsy using the House Brackmann score (Diederich
2013).

1.5 Financial Services Technologies for the Under-Banked

Most researchers agree that growth in the banking sector in terms of customers,
deposits and lending is likely to come from the emerging markets. In these markets,
about half the world’s adult population do not have a bank account at a formal
financial institution, whether it is a bank, a savings and loan association, or a credit
cooperative, according to a recent household surveys undertaken by the World
Bank and Gallup.

Although the emerging markets have different profiles in terms of depth of
banking, many have low levels of bank usage. This offers the significant potential to
engage new customers and deepen the financial sector. For example, in China only
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some 64 % of adults have a bank account, with lower levels in Brazil (56 %),
Russia (48 %), India (35 %) and Vietnam (20 %).

By contrast, in developed markets most adults have bank accounts. Any growth
in customer numbers depends on population growth and immigration, which are
often stagnant. For example, in the United States 88 % of adults hold bank
accounts, with even higher rates of bank usage in Japan (96 %), the United
Kingdom (97 %) and Germany (98 %). The industry has recently been shrinking in
many rich countries as banks trim loan books, sell off assets and realign their capital
ratios to meet regulatory requirements.

New technologies are important drivers in the rise of financial institutions in
emerging markets. Of late, mobile banking and mobile payments have received the
most attention, particularly in Africa, where few people have bank accounts but
many own mobile phones. There are emerging technologies that support many
other technology applications, such as wireless Internet access. It allows banks to
reconcile financial transactions as they take deposits, honour withdrawals and grant
loans from any location. Meanwhile, new payment systems increasingly allow for
instantaneous digital transactions without cash, a bank branch or an automated teller
machine.

Safaricom already has more than 450 M-Pesa agents across Kenya, compared
with just 350 for Western Union. Launched in March 2007, M-pesa money transfer
service attracted about 150,000 users by June. An estimated 2,500 new users were
signing up daily, such that in the first three months, the value of transfers amounted
to nearly US$6 million. The average transaction size of US$45 appears high. This is
possible because M-Pesa is also being used for commercial transactions such as
paying wages to workers, besides the small personal transactions.

Safaricom, partly owned by the UK’s Vodafone, expects more than 1 million
people to be using the M-pesa service by 2015.

India’s largest mobile operator, Bharti Airtel, launched a nationwide mobile-
wallet service—Airtel Money—in February 2012. The Airtel Money is the result of
technology collaboration between a bank and mobile operator which aims to pro-
vide access to financial services for the vastly dispersed communities in India.
Bharti Airtel service allows users to top-up cash onto their mobile devices. The
users can then use the cash top-ups to pay utility bills, make mobile recharges, shop
at retail outlets and transact online. It is the first nationwide mobile-based service in
India to offer on-line money transfers from one Airtel Money wallet to another, or
to bank accounts (The Economist 2012).

The emerging technologies for banking in emerging economies are likely to
focus on payments transfer between banks and customer, between individuals to
individuals, and between government agencies and citizens. The delivery of
financial services though mobile phone devices in Cambodia (Vong et al. 2012) and
advent of cashless banking (Song and Vong 2013) are dawning.
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1.6 Education Technologies for the Masses

There are possibly five trends that warrant our attention that will definitely affect
education, especially in emerging markets because of the size of their young
population. Firstly, there is the Cloud Computing. Virtual learning saves time and
resources. More money and more teachers are needed for the traditional brick-and-
mortar education model. For countries that have scarce financial and manpower
resources, virtual learning is a good approach. Secondly, is the use of mobile
technology. These mobile devices are more affordable than laptops and require little
infrastructure. Thirdly, Game Based Learning as gamification has become an
effective teaching and learning tool. Fourthly, it is MOOCs, Massively Open Online
Courses. It allows students to learn at their own time, own pace, and free of charge.

Finally, it is Learning Analytics that will help teachers to analyse their data to
observe students learning behavior, trends, and patterns to improve their teaching
styles.

The youthful population of Nigeria, Myanmar, Mexico, Indonesia, and Turkey
needs much education. The education infrastructure in terms of school and teachers
presents a challenge to the traditional bricks and mortar approach to learning. New
learning paradigms are now being researched and experimented in emerging
economies. A case in point is automated tutoring system, where students can learn
anywhere they like, at home or in the field or while shepherding a gang of goats,
with the use of a tablet. The curriculum is embedded into the tablet at start of the
school term. The students will go through the self-paced learning and self-directed
assessments with multiple choice questions. At the end of the semester, the student
then takes a final exam at the school. A possible experiment is being carried out
based on automated tutoring systems (Song and Vong 2013).

The Vietnamese government is seeking to develop an information society,
digitalizing communications and making electronic conferencing a mainstay of
organizational life. (Vietnam Institute for Education Sciences and VVOB. 2009.)
To meet these goals, the Vietnamese government has promised 8.4 billion USD in
ICT investment between 2010 and 2022, as well as favourable licensing and
business support for companies developing Viet Nam’s IT capabilities (UNESCO
Asia Pacific Regional Bureau for Education 2013).

In Thailand, the level of ICT infrastructure is stretched to support the imple-
mentation of advanced ICT in Education projects for the public school system. In
their Second National ICT Master Plan (2009–2013) it admitted that the main factor
holding back the development is the readiness of the information and communi-
cation infrastructure (Ministry of Information and Communication Technology
2009).
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Chapter 2
Mobility Technology Solutions Can
Reduce Interest Rates of Microfinance
Loans

Abstract In recent years there is intense criticism of the exploitative interest
rates charged to borrowers of microfinance institutions (MFIs). Development spe-
cialists and researchers have found incidences of usurious lending rates being levied
upon the unbanked population, ironically in an attempt to lift them out of poverty.
The borrowers suffer greater indebtedness and take extreme measures to repay
while others just defaulted. One important reason for the high lending interest rates
is the transaction cost or sometimes called administrative cost or operating
expenses. It presupposes that high lending interest rates are necessary to cover the
transaction and administrative expenses (TAE) of providing many small loans and
monitoring many small borrowers. Thus this paper aims to identify the cost drivers
and the cost of the MFI transactions and administration by using activity based
costing (ABC). Thereafter a mobility solution is designed to replace the manual
processes to lower the TAE, which in turn reduces lending rates charged to MFI
borrowers. A pilot project has been started in Indonesia to test the hypothesis.

Keywords MFIs �Microfinance �Microcredit � ABC � Costing � Interest burden �
Systems technology

2.1 Introduction

The principal function of banks is to provide their banking customers with access to
reliable and affordable financial services such as savings, credit, payments, trans-
fers, and insurance. These are important services that help any modern society and a
healthy economy. However half of the world population is still unbanked.

In the last few decades, many MFIs have emerged to provide financial services
and microcredit to the unbanked sector. For example, solidarity lending and village
banking pioneered by Grameen Bank in Bangladesh (Yunus and Jolis 1999;
Hughes and Lonie 2007) and KWFT (Microfinance) in Kenya, WING in Cambodia
(WingMoney), and many others (KWFT 2014; Vong et al. 2012). It is believed that
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microfinance is an effective instrument to alleviate poverty by providing financial
service, particularly microcredit and savings accounts to the low-income individuals
and microenterprises (Hammond and Prahalad 2002).

However research conducted by Chaia et al. (2009) and Ardic et al. (2011),
suggests that as at end 2009, there are 2.75 billion people (56 % of the global
population) who do not have access to formal financial services. A recent World
Bank survey of 150,000 adults aged 15 and above in 148 different economies
reported that over 50 % of the respondents do not bank with a financial institution.
While 89 % of adults in developed countries have access to financial services, it is a
paltry 41 % in developing countries.

The unbanked group, usually individuals living under US$5 per day, is caught in
a dilemma. Firstly, most banks do not want them as customers because they are not
bankable, that is the bank cannot possibly see how they can make a profit from this
group. A bank will need to cover the cost of funds (that is, cost of micro deposits or
cost to obtain the capital), cost of loan default (when borrowers do not repay), and
the cost of administration (staff cost, systems, premises and utilities).

Secondly, the unbanked may not pass the normal know-your-customer (KYC)
process because of lack of identification papers and a permanent residence. Thirdly,
the unbanked group will find the cost of financial services exorbitant. Imagine, this
unbanked person walks into a bank to request for a money transfer of $20 to a
relative in another city, and the bank charges a transfer fee of $5—a significant
25 % is deducted from the transfer.

Lastly, the distance of the nearest branch or ATM is far away from the place of
residence such that the unbanked person takes a long time to access the financial
services. Thus one-third of the unbanked population is in Asia, approximately
800 million people, who are in the lowest income category (that is, living on under
$5 per day), simply cannot afford the high costs of banking services. From the
banks’ point of view, it is a challenge to provide a self-sustainable business model
to serve these markets.

2.2 Why Is MFI Interest Rates So High?

From the analysis of data of several countries from 2004 to 2011, the researchers
have concluded that operating cost is the largest determinant of interest rate levels
in microcredit institutions (Rosenberg et al. 2013).

There are huge challenges in delivering loans to low income households in
developing countries. Banks and other financial institutions have failed to meet the
financing needs of the poor in developing countries. The reasons for the neglect of
this large group lie in the nature of traditional banking practices which are based on
guarantees, reputation, and collateral. It is good banking practice for bankers to
have an intimate knowledge of market conditions, which helps them to assess the
initial loan applications and then continuously monitor the borrowers (Koveos and
Randhawa 2004).
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Collateral helps align borrowers’ intentions with those of the bank and provides
a security in case of loan defaults. Banks also need timely and accurate information
and continued updating of accounting records. However the low-income house-
holds and individuals are the primary clients of microfinance institutions. They do
not have financial resources of financial assets to offer as collateral to guarantee
their loans. They do not normally have a credit history. As such they are excluded
from the formal financial sector. Banks would regard these groups as having a high
credit risk profile (Robinson 2001).

The case of adverse selection arises when banks, lacking credible information
about the credit risk of borrowers, cannot differentiate between borrowers with
varying degrees of credit risks, and resulting in charging high interest rates on all
borrowers. Higher interest rates in turn drive creditworthy borrowers out of the
credit market, leading to an inefficient outcome (Aghion and Morduch 2004).

Majority of existing microfinance solutions are operated on labour-intensive
work processes that involve manually writing or transcribing transactions from
pieces of papers to ledger cards. These will present both a challenge and risks the
MFIs. They will find difficulty to increase their capacity to serve the huge demand
of the unbanked population. The risks that they face are genuine mistakes in
manually writing and transcribing accounting records and that of frauds. For certain,
a substantial portion of transaction and administrative expenses (TAE) is attributed
to manual labour.

MFIs that provided loans to low-income borrowers in developing and transition
economies have charged high lending rates to cover their costs (Rosenberg et al.
2009). Most MFIs believe that this is the most appropriate approach to ensure
financial sustainability and further growth. MFIs that are profitable may continue to
serve their borrowers without ongoing donor contributions and may even fund
growth by drawing on commercial sources of funds, including deposits from the
public.

There is much evidence that the focus on financial profitability and efficiency
have increased the borrowing cost to the poor. Moreover lending money to the low-
income borrowers or the rural poor can be costly. MFI Agents have to maintain
frequent contact and close relationships with customers to enforce loan contracts
and to control lending risk. Thus the twin goals of social outreach and profitability
are in conflict (Hermes and Lensink 2011). Their ability to provide collateral for
their borrowing is also not easily available.

In a CGAP study, the lending rate of MFIs range from 17 % per annum (in Sri
Lanka) to 80 % per annum (in Uzbekistan), with a global average of 35 % per
annum (CGAP 2008). The high microcredit interest rates have been heavily criti-
cized and a number of countries have tried to regulate an interest rate cap on
microcredit lending (BBC 2013).
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2.3 Reducing Operational Cost

Existing literature indicates that transaction costs are a major contributor to high
interest rates on microcredit loans (Shankar 2007).

The limited resources and the sheer numbers of borrowers present a tremendous
hurdle to process individual loan applications. To create a sustainable self-funding
model for a growing MFI, is to design a system that lowers monitoring costs, create
a committed and creditworthy client base, and help poverty alleviation (Koveos and
Randhawa 2004).

Few studies have examined measures of MFI efficiency. The accounting vari-
ables to assess the efficiency of the MFIs are—administrative expense ratio, number
of loans per loan officer, loan officers to total staff, portfolio size, loan size, lending
methodology, source of funds, salary structure.

In Lafourcade et al. (2006)’s study that uses cost per borrower and cost per saver
as measure of efficiency, it was found that African MFIs incur highest costs per
borrower but lowest costs per saver. They also discovered that regulated MFIs
maintain higher efficiency through low costs per borrower and per saver. In con-
trast, African cooperative-MFIs are the least efficient with the highest cost per
borrower. Nevertheless, cooperative MFIs have the lowest cost per saver but
unregulated MFIs have the highest. None of these studies use any parametric or
non-parametric approach to evaluate the efficiency of MFI.

Intuitively, the approach is to identify the processes that increase TAE. Only
then can the process be changed or reduced or to fully be replaced by low-cost
processes.

For example, it is noted that it is costly to monitor borrowers. So microfinance
experts have suggested social collateral. This approach works through reputational
effects on their community in which repayment of loans is seen by group member.
The borrowers are to pay their loans in a “ceremony” for all to see. In this way, the
borrowers are able to maintain their social standing in the community (Woolcock
2001). Goldmark (2001) suggested other methods that may help build social col-
lateral, thereby making loans even more secure. Van Tassel (1999) proposed a
model with a one-period game to determine the optimal group-lending contract
under asymmetric information. He concludes that agents will always form groups
with agents of the same type. The agents’ types can be differentiated by the level at
which they are willing to trade-off increased joint liability commitments for lower
interest rates.

Ghatak (1999) concluded that group lending not only increases repayment rates
and welfare via social collateral, but also due to peer selection by members of the
lending group. Many Indian MFIs, for example, reduce their staffing costs by
lending to self-help groups rather than to the individual borrower. Yet another study
show that bank-MFIs are the most efficient under intermediation approach while
NGO-MFIs are the most efficient under production approach (Haq et al. 2010).
Similar to Ghatak, the study by Islam (1995) concludes that lenders using
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peer-monitoring systems can charge lower rates relative to conventional lenders.
Furthermore, at the same interest rate, the expected rate of repayment is higher with
lower risk (Islam 1995).

2.4 Monitoring Transaction Cost and Administrative
Expenses Using Activity Based Costing (ABC)

Activity-based costing (ABC) was first propounded in 1987, but the dearth of the
available data published (Gosselin 2006), suggested that ABC is not as widely
understood and practiced in the financial service industry as one might be led to
believe (Wegmann 2011; Rasiah 2011; Lee 2002). Two reasons account for this:
firstly, financial institutions find it difficult to define their products (Schoute 2011)
and secondly, banks think that the difficulty involved may not warrant the cost
(Askarany and Yazdifar 2007; James 2013). In Asia, the first study of applying
ABC to banking was undertaken by Vong (1994).

The concept of ABC presents a basis for understanding the behavioural patterns
of all cost items within an organization, linking operating costs in a value chain in
such a way that management can identify the factors that drive expenditure, focus
on key cost items and manage them more effectively. ABC enables management to
monitor the factors that drive costs and control the implications of organization’s
profitability (Hicks et al. 2009).

The primary function of ABC is to assist management in decision-making (Kee
and Schmidt 2000). It is an approach in cost analysis that helps management to
analyse its cost base in a more meaningful way. It analyses cost behaviour by
activities, linking costs to factors that are responsible for the occurrence of those
expenditures, and thus, focusing on the factors more effectively in order to manage
costs (Bogdănoiu 2009).

As shown in Fig. 2.1, ABC draws information on the activities of all depart-
ments within an organization. It depicts a clearer picture of all inter-relationships
among the activities and costs incurred. Management uses ABC to understand how
and why certain costs were expended, thereby helping them to focus on the root
problems, in the business (Qian and Ben-Arieh 2008).

Fig. 2.1 ABC model
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Estrin et al. (1994) suggested that the basic premise of ABC was period cost. For
example, indirect, variable and fixed costs were attributable to the activities
required in making various products. The authors further reported that many non-
manufacturing costs, such as marketing costs, were also a function of product
activity and should be loaded into products responsible for their occurrence.

An early example of ABC applications in the banking and finance is the First
Tennessee National Corporation. By its own admission, it had tried a sophisticated
costing system developed for banks by a leading public accounting firm but it did
not perform as required.

The corporation switched to ABC in 1989, which is the focus on certificate-
of-deposit (CD) products. The costing system revealed that 30 % of the firm’s
customers accounted for 88 % of its profit. The system also revealed that the firm
was losing money on the last 30 % of its customers. An analysis revealed that the
loss was due to the fact that one could purchase a 90-day $500 CD. Given a one
percent spread, it was estimated that the bank generated revenue of only five dollars
a year if they had reopened a $500 CD four times a year, where the revenue
obtained was considerably less than the processing cost of the transactions. By
simply raising the minimum CD amount, the bank eliminated the loss, thus
increasing the overall profitability of the CD product line.

Kantor and Maital (1999) built a method for measuring product-specific ineffi-
ciency in bank branches to facilitate precise measurement of waste and identify its
causes. Their approach combines and integrates two separate, widely used models
for measuring costs and efficiency performance: activity-based cost accounting
(ABC) and data envelopment analysis (DEA) (Kantor and Maital 1999). The
resulting method for activity-based management provides managers with detailed
quantitative performance benchmarks for the specific business activities of their
firms or divisions. One of the key issues in banks is that lending managers need to
assess the profitability of a customer relationship (van Raaij et al. 2003). This would
mean deducting the cost of servicing the account from the revenue obtained from
that customer. Since banks provide a wide range of products to clients, especially in
corporate banking, lending managers need to know the type and volume of products
transacted and more importantly, the transaction costs of those products (Chea
2011). This would enable them to find an appropriate mix of banking facilities
offered to the client, which would enable the bank to achieve a targeted level of
profitability. This would mean that the transaction cost of each product type must be
calculated (Nenovski et al. 2012). Three hurdles need to be overcome before that
can be achieved: the products need to be defined, the cost structure agreed on and
the process drivers determined (Heisinger and Hoyle 2014).

In the study by Vong (1994), he outlined a 4-step approach to build a simple
ABC system to monitor costs.

Step 1: Define the Financial Products

Product costing can be regarded as basic form of activity-based costing, therefore
forming the basis for product pricing and product profitability (Lee 2002). Kotler
(1976) defined product as anything that could be offered for attention, acquisition or
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consumption. This definition included physical objects, service, personalities, place,
organizations and ideas. Hempel (1976) regarded bank products as customer sat-
isfaction. Wills and Day (1984) suggested that bank products should be seen in the
light of benefits derived, and that service products were those which produced a
series of benefits which could not be stored. However, a bank product is not only a
service offered to the customer, but also a measure of creating actual or potential
income (Dietrich and Wanzenried 2014). Then there are some financial services,
which may not attract income by themselves, but rather contribute towards the main
product which does get (Colgate and Alexander 2001). Vong (1994) described
them as “a series of benefits” and called them sub-products. He further defined a
product as “a service offered directly to the customer that creates actual, notional or
potential income”.

In our case, most MFIs have few products, namely microloans, deposits and
insurance services. In order not to be fazed by the inconsistencies in numbers, the
MFI should first survey the broad definitions of products that can be readily applied.
Given the agreed definitions, bank products can then be identified and listed.

For example, a cash withdrawal transaction from a Loan Account is a cost and
does not provide an income itself but the main product Loan Account attracts
notional interest income. Transactions linked to a main product can be referred to as
“sub-products” and sometimes defined as “the lowest level of a product where costs
can be identified”. Thus, a main product may have a series of sub-products which
incur cost but which contribute indirectly to the production of income at the main
product level.

Table 2.1 shows the possible sub-products contained with the Current Account
product.

Step 2: Decide on the Cost Structure of a Product

It is envisaged that the total costs incurred by the MFI can be devolved to all the
bank products. This process is split into four three cost channels similar to the
principles of Horngren and Foster (1987). Then each product costs have three
components: direct cost, indirect cost and overheads.

Table 2.1 Loan product and sub-products

Product name Product description

Main product: loan service Loan account services offered to borrower

Sub-product 1: credit evaluation Evaluating the credit proposal

Sub-product 2: borrower training Training the borrower prior to loan release

Sub-product 3: loan cash withdrawal Taking cash out from loan account

Sub-product 4: loan monitoring Visiting the borrower

Sub-product 5: loan cash Repayment Collecting the cash for repayment

Sub-product 6: loan account open Process of opening a loan account

2.4 Monitoring Transaction Cost and Administrative … 17



• Direct Costs

Direct costs are those that can be identified specifically with a single cost objective
in an economically feasible manner. In an MFI, they would be those operational
expenses incurred in processing products. For example, the Loans Department
would have its entire administrative expenses routed to the loan transactions—
account opening, loan cash withdrawal, and loan repayment. The cost allocated will
be called direct costs.

• Indirect Costs

Indirect costs are those administrative expenses, which cannot be identified spe-
cifically to the actual loan traction processing but closely associated with it. For
example, the Cash Section of the Loans Department. The cost of Cash Section will
have their administrative expenses allocated to the Loan transactions as indirect
cost.

• Overheads

Costs incurred by departments in providing supervisory/general services to other
sections or departments. An example would be the cost of the CEO Office in MFI.
This cost will be allocated to the Loan products as overheads.

Step 3: Determine the Process Drivers

ABC is linked to performance measurement (Dickinson and Lere 2003). Compa-
nies that have high costs associated with critical activities would want to identify
process drivers for those activities and encourage employees to improve those
processes. Kaplan and Anderson (2004) of Harvard Business School defined pro-
cess drivers as factors that affect the efficiency of the activity.

ABC can be viewed as a two-step allocation process. The first allocation, using
first-stage driver statistics as basis, distributes expenses to activity pools. The
second allocation, using second-stage driver statistics, distributes activity costs to
products (Khataie et al. 2011).

While many costing systems assume that the responsibility for costs falls neatly
within organizational boundaries, process drivers recognize that this is not the case
and instead, focus on decisions which give rise to cost being incurred to volume,
quality, time and the level of service.

Process drivers should be easily measured and determined. This gives objectivity
in the estimation of different types of cost structures (Homburg 2004). Table 2.2
shows the process drivers that can be adopted by a bank.

Time-based weighted transaction counts take into consideration the processing
time for different transactions. The cost allocation is not only on the basis of the
number of transactions but also the time taken to carry out those transactions.

In the MFI industry, productive staff count can be used as a basis to allocate
indirect costs and overheads. Productive staff count is a summation of the number
of direct staff (labour input that can be directly identified with the transaction) and
indirect staff (labour input that can only be indirectly associated with transactions).
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The transactions that require a greater proportion of productive staff would have
higher indirect costs and overheads allocated to them.

Step 4: Planned Implementation Phases

One of the most important steps is the implementation of the ABC concept without
which all investments in time, manpower and money would be futile. It is necessary
to decide on how sophisticated a system is needed to report the required information
and how a realistic time frame can be put in place (Liu and Pan 2007). Depending
on the nature of the MFI’s operations and the complexity of the reporting details, it
may take between 6 and 12 months for the development, design and implemen-
tation of an ABC system for input to customer and product profitability analysis
(Sena 2010).

The implementation activities include product definition and coding, product
mapping (linking cost centres and general ledger items to products) and the
development, design and testing of cost assignment programmes (Roztocki 2005).

Software solutions like SAP, PeopleSoft and Oracle have ABC components that
help to assign overhead costs to customers and products. Push and pull approaches
shown inFig. 2.2 are used for assigning cost centre resources to business processes (via
resource drivers) and allocating business processes to receiver (via process drivers).

Table 2.2 Process drivers and cost assignment

Process drivers Operating expenses to be assigned Cost type

Time-weighted
transaction count

Costs incurred at sections/departments which can be
identified specifically with the cost objective

Direct
cost

Productive staff
count

Cost incurred at sections/departments which cannot be
identified specifically with the cost objective but which
are closely related to the processing activity

Indirect
cost

Productive staff
count

Overheads incurred by sections/departments which are
distantly related to the processing activity

Overheads

Fig. 2.2 Push and pull factors depiction
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2.5 Pilot Project in Indonesia

After identifying the process cost and cost drivers, we may use mobility technology
solutions to perform the processes that drive the operational costs. A pilot project
has recently being designed and undertaken in Indonesia by the authors. In the pilot
project, the entire process from borrower acquisition, loan monitoring, loan
repayment, and even peer-to-peer payment is monitored and then to design mobility
solution to replace time consuming and laborious processes that increase cost.
Figure 2.3 illustrates the overall process.

2.5.1 Borrower/s Acquisition Process

The MFI agent takes a long journey from the city to a rural village to visit a
potential borrower (or borrowers in the case of group lending). An interview is
conducted, with a series of questions, to determine the loan amount and loan
repayment ability. The agent returns to the MFI Office at the fringe of the city with
the data collected from the potential borrower and of the potential borrower. The
MFI Agent analyses the data. If the information from the analysis matches with the
lending criteria of MFI, a loan proposal is written including the loan repayment
schedule for submission to the MFI loan committee for approval. Not every loan
proposal is approved. The usual duration of this process ranges from 5 to 15 days.

2.5.2 Training of Borrower/s

After the loan is approved, the MFI agent or another team makes the journey to
village for the second time. The purpose of the visit is to present the loan details to
the borrower, gets the borrower’s acceptance to repay the loan. Training is then
conducted for borrower (or borrowers in the case of group lending) in running the

(1)
Borrower/s acquisition 

process

(2) 
Training of Borrower/s

(3) 
Cash Transfer to 

Borrower

(4) 
Weekly visits to 

Borrower/s

MFI Agent travel 
to rural village to 
visit potential 
borrower
Analyze matching 
of borrower’s 
profile to lending 
criteria of MFI

Travel to village 
again
Present loan 
details to borrower 
and conduct 
training

Credit borrower 
account, debit 
MFI account

Loan in cash hand 
over to borrower/s 
or credited to 
village bank 
account

Weekly return to 
village to monitor 
borrower/s and 
collect loan 
repayments in 
cash on due dates

Fig. 2.3 The overall process of the pilot project
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business, and matching the loan repayments to the business operations. The MFI
agent writes a report of what has been done and the observations of the borrowers
during the training. This process normally takes 5–7 days.

2.5.3 Cash Transfer to Borrower

The agent returns to the MFI Office to hand in the borrowers documents for safe
keeping. There is also an accounting process to credit the borrower account and
debit the MFI account. The MFI Agent will now return to the village with the cash.
The loan in cash is handed over to the borrower/s, or in some rare cases the cash is
credited to a village bank account of the borrower/s. This process takes 3–5 days.

2.5.4 Weekly Visits to Borrower/s

The MFI Agent returns to the village weekly to monitor the borrowers/s and col-
lects the loan repayments in cash on due dates. The MFI agent writes a report on the
ability of the borrower to run the business and also any observations on loan
repayment ability. If cash, is collected the MFI agent shall return to the city with the
cash and pass the cash to the MFI Accountant to pass accounting entries to the
borrower’s loan account and MFI’s accounts. This process takes 3–5 days or even
longer depending on the loan repayment ability of the borrower/s. The weekly visits
will be done repeatedly until the loan is fully paid off.

There are few omissions to the loan process described above. Firstly, it has not
taken into account of loan default or cash pilferage or adverse collusions to cheat
the system. Secondly, in addition to the lending there could be credit insurance
provided to borrowers. In such cases, where the loan defaults, the credit insurance
company shall investigate and repay the loan on behalf of the borrower. That has
not been articulated. Lastly, there could be savings tied to the loan. In such cases, it
appears that there is some measure of “comfort” provided to the MFIs by the
borrower.

2.6 Conclusion

In summary, for MFIs to scale fast enough to serve the huge demand of unbanked
population and maintain financial sustainability, they require new business models
and technology innovations to lower the interest burden by (1) lowering the
operating cost, (2) accounting for legitimate activities and frauds, (3) lowering or
mitigating risks of microcredits.
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It was identified that the following processes can be replaced, fully or partially,
by mobile phone applications thereby lowering the transaction and administrative
costs:

1. Loan evaluation (with a credit scoring application).
2. Training (self-paced learning application).
3. Cash transfer for repayment and cash withdrawal or cash deposit in case of

savings (with a peer-to-peer application).
4. Loan monitoring (transactions of borrowers can be monitored daily from

transaction data on the backend server).
5. Deposit Savings can be topped-up to a mobile account.
6. Purchasing an credit insurance can be transacted through a mobile application.

Thus mobility technology offers much hope to emerging markets. It provides a
new approach to lowering the transaction and administrative expenses of MFIs, that
in turns lower cost of borrowing for a large majority of the low income population.
In the end, it is envisaged that this will expand the social outreach and provide a
broader range of financial services to the vast rural populations.
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Chapter 3
Bank Ratings in Emerging
Asia—Methodology, Information
and Technology

Abstract Bank rating is as old as bank regulatory authorities. The most common
approach to bank rating is on-site examination. The bank supervision authority
conducts an audit of physical bank records and documents and other observations.
In particular, the on-site examination looks at the bank’s assets, capital structure,
management ability and professionalism of the bank practices. A summary rating is
assigned based on this examination. This approach was reported in 1974 in a
publication of the Federal Reserve Bank of New York. This rating system was
called into question for the first time during the Asian Financial Crisis (AFC) of the
1997 that affected South Korea, Thailand, and Indonesia. IMF painfully restruc-
tured the South Korean economy. Thailand suffered a severe outflow of funds and
banks collapsed. The entire Indonesian banking system had to be revamped. Then
the global financial crisis struck in 2007–2008, where the western world was hit
harder than the AFC that led to the collapse of venerable financial institutions such
as Lehman Bros and Bear Sterns. This begs the question: why bank ratings did not,
or cannot, forewarn imminent failures in the banking system. In 2009, it was
reported that banks were usually rated higher if they had greater capitalization,
larger assets, and higher return on assets and equity. In 2013, in a most scathing
attack on bank ratings, it stated that most failing banks had enjoyed investment
status ratings just before they defaulted. This paper revisits the age-old CAMEL
model and its derivatives, and a more recent EAGLES framework that alerted the
Asian Financial Crisis of the 1990s. Based on the experiences of two crises in the
last two decades, what lessons did we learned, especially on the early warning
signals, contagion effect, information transparency and the availability of technol-
ogy processes to collect and harness critical information.
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3.1 Introduction

Traditionally the bank regulatory authorities assess the five key aspects of the
operations of a bank—capital, assets, management, earnings and liquidity
(CAMEL). An overall CAMEL rating is derived from giving a score from one (for
the best) to five (worst rating) is given to each of the five factors. The five com-
posite rating levels are described by the Commercial Bank Examination Manual
written by the Board of Governor of the Federal Reserve System in the United
States (Dzeawuni and Tanko 2008; Roman and Şargu 2013).

1. Best rating; sound in every respect
2. Fundamentally sound but has modest weaknesses
3. Financial, operational, or compliance weaknesses that give cause for supervi-

sory concern
4. Serious financial weaknesses that could impair future viability
5. Worst rating; Critical financial weaknesses that indicate the probability of failure

extremely high in the near term. Requires constant supervision.

3.2 CAMEL—The Vintage Model

3.2.1 Capital

The capital adequacy requirement has profound impact upon the banking industry.
The international guideline that stipulates a bank must have a minimum capital
equivalent to 8 % of risk adjusted assets. The higher the level of capital adequacy
ratio (CAR) means that the bank has stronger capacity to withstand unexpected
losses.

The principal objective of a bank’s capital is to ensure that an adequate level of
capital is maintained to bear any losses that may result from credit defaults or
losses. The risk-based capital adequacy framework is consistent with international
standards of the Basel Committee. The Basel regulation has three aspects: capital
base element (commonly known as Tier 1 and Tier 2), the required capitalization
level, and the risk weighted regime.

As stated previously, the capital base has two elements namely Tier 1 and Tier 2
capital. The T1 ratio is equal to the core capital divided by risk-adjusted assets. And
this should be at least 4 %. Both T1 and T2 capital must be at least 8 % of risk
weighted assets. The risk weights assigned to assets ranges from 10 to 100 % (Bank
for International Settlements 2012).
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3.2.2 Asset Quality

The usual approach to assess loan quality is to have an on-site inspection of the
bank’s loan books. As this is not always possible, asset quality can be measured by
the level of provisions made, that is, bad and doubtful debts (BDD) provision as a
percentage of total loans. Taking a conservative stance will dictate that the quantum
of provision to be estimated as higher rather than lower. This provision is usually
measured as a percentage of loans and other credit receivables. Therefore, the banks
must manage their loans levels closely to given capital, constraints, and risks
preferences.

3.2.3 Management

This is where financial supervision auditors would examine the soundness of the
policies, regulations and decisions taken by the bank and rate the bank on a scale of
1–5. The most disconcerting issue appears to be the assessment of bank manage-
ment quality. This subjective factor has defied measurement in the last 40 years.
Researchers have alluded to soundness of management practice by examining the
decisions made by the senior management of the bank. It is often thought that good
management can result in stable returns, significant market, increasing asset growth,
or increased in equity value. If these are reliable indicators, then why did creditable
banks with well-established policies and experienced managers collapsed in the
2007–2008 global financial crisis? Were there any signs that these banks did not
adhere to good management practices? How did the banks managed to escape the
radar of financial supervision authorities and international rating agencies?

3.2.4 Earning

In measuring earning ability there are three noteworthy indicators—return on
Assets (ROA), return on equity (ROE) and Income-Cost ratio, also known as
income to overheads ratio. The ROA is important to bank management to monitor
their efficiency in asset acquisition, while the ROE indicates the level of return to
investors holding an equity stake in the bank. The income to overheads ratio
provides the extent to which income covers overheads. Higher coverage indicates
that the bank has better earning capacity. Overheads tend to grow with the level of
staffing, while income trends follow the market economy.
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3.2.5 Liquidity

Liquidity can be described as the ability of a bank to have sufficient funds to meet
cash demands for loans, deposit withdrawals and operating expenses. For this
reason, a balance should be found between the amount of deposits garnered and the
quantum of loans extended. The indicator is the deposit-to-loans ratio.

3.2.6 CAMEL Scoring

Table 3.1 describes how banks can be rated 1–5 based on their financial perfor-
mance under the CAMEL framework.

However, the CAMEL approach to bank analysis is contingent to areas of
indeterminacy, subjectivity and sometimes inconsistency (Cole and Gunther 2008).
As most bank analysts and examiners would acknowledge, there are instances when
an examination of the bank physical documents and accounting records cannot
decide whether to give an average or below average score. The ‘good’ score of 1,
and the ‘bad’ score of 5, may be easier to spot, but the ‘in-betweens’ like 2, 3 and 4,
may be more difficult. At the conclusion of the bank examination, a ‘best practice’
bank may receive a score of 1 for each of the CAMEL indicators. By assigning the
scores, the bank examiner falls into the trap of subjectivity. Take for example, the
ratios and ratings tabulated as Table 3.1 CAMEL Indicators (Ferrouhi 2014; Nurazi
and Evans 2005; Rozzani and Rahman 2013).

Minor improvements have since been made, such as CAMELOT, which
included operating environment and transparency, and the CAMELS, where
strategy issues are considered too (Alber 2014; Munir et al. 2011). But it still leaves
much to be desired as the subjectivity element remains.

Table 3.1 CAMEL indicators

Category Ratio Score 1 (%) Score 2 (%) Score 3 (%) Score 4 (%) Score 5 (%)

Capital
adequacy
ratio

Equity capital/total assets Above 11 8–11 4–8 1–4 Below 1

Equity capital—fixed asset/
total loan + securities

Assets quality Earnings before in-come
tax/productive assets

Below 1.5 1.5–3.5 3.5–7 7–9.5 Above 9.5

Off-balance sheet
activities/equity capital

Management Net income/total assets Below 25 30–26 38–31 45–39 Above 46

Net income—interest
expense/total assets

Earnings Earnings after tax/
operating income or sales

Above 1.50 1.25–1.50 1.01–1.25 0.75–1.00 Below 0.75

Liquidity Total loan/total deposit Below 60 60–65 65–70 70–80 Below 80
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The CAMEL evaluation framework used by an international investment bank to
assess five four banks in Indonesia approximately 12 months before the financial
collapse is shown in Tables 3.2 and 3.3.

3.3 EAGLES—The Emerging Model

The EAGLES benchmark monitors bank performance from the perspectives of
earning ability, asset quality, growth, liquidity, equity and strategy. The focus is not
entirely dissimilar to the CAMEL. However there are three distinct differences that
enable a clearer assessment of the condition of the bank. Firstly, EAGLES is
conducting a financial analysis of the bank. In other words, if the Return on Asset is
1.75 %, it is noted as 1.75 % and not given a score of 1–5 (as in the CAMEL
framework). The EAGLES assessment consists of financial ratios, and not sub-
jective ratings of 1–5. Needless to say, if a trend analysis can be performed on these
financial ratios over consecutive time periods, the imminent weakness or failures of
banks or the banking system can be easily discerned.

Table 3.2 CAMEL ratings of selected indonesian banks (October 1996) published 6 months
before the financial turmoil

Bank Bali Bank
Danamon

Bank
International

Bank Niaga

Overall rating Investment
grade

Investment
grade

Investment
grade

Investment
grade

Capital (CAR %) 11.8 % 10.3 9.3 9.5

Asset quality
(NPL %)

1.9 1.9 1.8 2.7

Earning (ROE %) 20.7 13.0 23.4 20.7

Management 6th largest
private bank

2nd largest
private bank

4th largest
private bank

7th largest
private bank

Liquidity (LDR %) 82.0 95.7 73.9 91.1

Source Li et al. (1998), Vong and Tham (1998)

Table 3.3 EAGLES indicators

EAGLES Financial indicators

Earning Return on asset (ROA); return on equity (ROE);
interest margin %; income to cost ratio %

Asset quality Non-performing loans %; loans classification

Growth Loan growth %; deposit growth %; NPL growth %

Liquidity Loans to deposit %

Equity Capital adequacy ratio %

Strategic response Interest burden; number of times cover

3.2 CAMEL—The Vintage Model 29



Secondly, the bank management quality is determined by the pricing of the
deposit rates and loan rates, managing non-interest operating costs, and garnering
fee income. These four activities are important because it determines bank man-
agement’s ability in deposit taking, lending, obtaining fee-based income, and
controlling overheads (Vong 1994). The strategic response quotient (SRQ) con-
siders four key financial information of the bank, that is, interest income (ITI),
interest cost (ITC), non-interest income (NII) and non-interest cost (OHC). It is
measured by taking the interest margin and dividing that by the net operating cost
(i.e. fee income less non-interest expense), as shown below:

ðITI � ITCÞ
ðNII � OHCÞ

As to what is an appropriate SRQ level will depend on the bank’s strategic
positioning. A high SRQ could imply ample fee income, or low staff cost, or high
net interest income. It measures the number of times the net interest income covers
the interest burden. From the SRQ, a bank examiner is able to discern the extent of
the credit and operational risks to which bank is subjected.

Thirdly, the growth rates of lending and deposit taking, and interdependent
financial indicators are compared. For example, is the non-performing loans
growing as fast as the loan growth, and why or why not? Is deposits growth in line
with the loan growth?

In comparing Tables 3.1 (CAMEL Ratings) and 3.3 (EAGLES Ratings), the
following differences can be found: (i) the EAGLES model has the “Growth”
indicator that tracks growth of loans, deposits, and non-performing loans; (ii) the
EAGLES model replaces ‘Management,’ under the CAMEL framework with
the Strategic Response Quotient (SRQ) which is an objective measure derived from
the number of times the net interest income covers the interest burden.

Considering EAGLES financial analysis of four Indonesian banks in Table 3.4,
there are two important observations to consider. Firstly, it was observed that the
asset is growing significantly faster than the provisioning for non-performing loans.
This under-provision is a sign that the bank taking too much credit risk and under

Table 3.4 EAGLES financial analysis (as at end 1996)

EAGLES Bank
Bali

Bank
Danamon

Bank
International

Bank
Niaga

Earning (ROE %) 20.7 13.0 23.4 20.7

Asset quality (NPL %) 1.8* 1.1* 2.4* 1.5*

Growth (Loans %) 26.2* 40.9* 21.8* 26.9*

Liquidity (LDR %) 82.0 95.7 73.9 91.1

Equity (CAR %) 11.8 % 10.3 9.3 9.5

Strategic response (times cover) 2.5 2.0 4.1 1.9

*The asset growth was more rapidly than the provisioning of non-performing loans
Source Li et al. (1998), Vong and Tham (1998)
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estimating the inherent dangers. Secondly, although the interest burden was ade-
quately covered, the bank could be charging a much higher loan interest rate than
the market rate. It is commonly acknowledged that customers who pay higher loan
rates are usually those with higher credit risks.

It was precisely these 2 factors that alerted the authors of an impending collapse
of the banks in Indonesia and Thailand (Vong and Tham 1998).

3.4 Lessons—Two Crises, Three Continents (1997–2007)

Two financial crises, over a decade apart, over two or three different continents have
certainly shed some light on the frailties of the banking system and vagaries of the
financial markets. It is good to illuminate some of these lessons.

3.4.1 Lesson 1: Strong Macroeconomic Fundamentals Are
Critical to Maintain the Confidence of the Investors

Excess global liquidity, inadequate buffers, and indiscriminate lending, are not
signs of strong macroeconomic policies (Wellink 2011; Vong and Tham 1998). The
financial supervision authorities and the market regulators should be watching the
market movements and bank indicators like a hawk. This is even true when the
mood of market seems excellent. It has proven on the two banking failures that the
market conditions look healthy enough 6–12 months before disaster struck.

In US, the crisis was related to the securitization residential mortgages that were
given based on weak loan repayment criteria (often referred to subprime mort-
gages). The failure of many borrowers to repay has adversely affected the value of
these mortgages. In turn, this led to a fall in securities price that meant spreading
risk to other parts of the financial system. A contagion effect took over the markets.
Eventually with the downward spiral that resulted in the global financial markets.

In Asia, the crisis was first felt in Thailand and then spread to Indonesia and
other parts of Asia. It all began with a loose monetary policy and a credit boom.
Foreign banks were lending cheaper US dollars to domestic banks. In turn the
domestic banks advised the domestic borrowers to take US dollar loans because the
US dollar had lower interest rates, compared to local currencies. The foreign cur-
rency loans were exposed to exchange rate risk, because many loans were not
hedged. Thus when the foreign banks suddenly withdrew the US dollar loans from
the market, the domestic banks could not enforce payments from their domestic
borrowers. At the same time, the value of the domestic currencies lost ground
against the US dollar.

This left the borrowers with the one choice, to default rather than repay.
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3.4.2 Lesson 2: There Must Be Strong Domestic Safeguards
to Help Neighboring Countries to Prevent
the Contagion Effect

Research has shown that the greater the financial contagion, the greater the severity
of the financial crisis for the domestic economy (Ozkan and Unsal 2012).
Regression analysis shows that a country is more vulnerable to contagion if it has a
more leveraged banking system, greater trade exposure, weaker macroeconomic
fundamentals, and larger international portfolio investment liabilities. Countries are
less vulnerable, however, if they have larger international financial portfolio
investment assets (which can provide a buffer against shocks) and are less reliant on
debt (versus equity) for international financing (Forbes 2012). Therefore, to mini-
mize contagion risks, structural reforms have to be in place before a negative shock
occurs. It is also recommended that priority should be given to reducing the debt-
equity ratio in banking system. To balance international portfolio liabilities,
countries should support efforts to diversify and invest abroad.

3.4.3 Lessons 3: Governments, Financial Institutions,
and Corporations Must Communicate Well
with Investors, Creditors, and to the Market

In both the financial crises there seems to be decision flips-flops, unclear messages,
refusal to admit failure, political in-fighting, and lack a clear direction to stabilize the
market. In the Asian financial crisis, both Thailand and Indonesia were forewarned
months ahead of the market collapse (Vong and Tham 1998). In the US market
failure, Lehman Bros was put on watch list months before the government stepped
in. There seems to be a period of denial, of which that time could have been applied
to take precautionary measure. Not surprisingly, even Bear Sterns, now defunct, was
recognized as the “Most Admired” securities firm in Fortune magazine’s “America’s
Most Admired Companies” survey of 2005 (Forbes 2012). The annual survey is a
prestigious ranking of employee talent, quality of management and business inno-
vation. Nobody knew it would be bankrupt by March 2008.

This begs the question: given the vast amount of data collected and experiential
learning since the 1930 Great Depression, stock market collapses and bank failures,
surely the approaches to evaluate banks have improved?
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3.5 Technology to Provide Pertinent Information

System and technology must be designed and implemented to track performance of
banks against the backdrop of the economic situation and other macroeconomic
indicators. There should be a mechanism for economic surveillance to detect areas
of risks and provide early warning signals so that financial disaster can be mitigated.
This mechanism can be integrated with the monitoring systems of the financial
supervision and regulation authorities. This system integration, in turn, will enhance
the collaborative wisdom and strengthen the capacity of the financial regulation
authorities to respond to financial calamities.

With the vast amount data, it is possible to perform data analytics to detect
market sentiments; identify, track and analyze early warning signals; test for credit
deterioration; measure risk; perform scenario analysis; conduct stress testing
(Analytics 2010).

The investment community and bank regulators need a high level of information
disclosure to create a healthy and buoyant financial market (Vong and Tham 1998).
While the investment community does not have sufficient information, most reg-
ulators have the information. They should manage the data better to formulate
effective surveillance.

Table 3.5 shows a possible Integrated Management Information System (MIS)
for a financial regulator to systematically conduct economic and financial surveil-
lance. With such an integrated system it is possible to evaluate bank performance
using CAMEL and EAGLES indicators alongside updated information on financial
markets and the economy on a dashboard.

Table 3.5 Integrated MIS of a financial regulator

An Integrated MIS

Internal information subsystem
Demand deposits
Savings deposits
Time deposits
Money market
Imports/exports
Loans
Financial performance
Human resource data
Actual versus forecast versus history

External information subsystem
Capital flows
Financial markets
Market trends
Foreign exchange
Competitive position
Social trends
Actual versus forecast versus history

Source Vong (1986)

3.5 Technology to Provide Pertinent Information 33



References

Alber N (2014) The effects of banking regulation on asset quality: a panel analysis. Int Bus Res 7
(7):164–174

Analytics Ms (2010) Credit research and risk measurement
Bank for International Settlements International regulatory framework for banks (Basel III) (2012)

http://www.bis.org/bcbs/basel3.htm
Cole RA, Gunther JW (2008) A CAMEL rating’s shelf life. MPRA Paper
Dzeawuni WA Tanko MI (2008) CAMELs and Banks Performance Evaluation, The WayForward
Ferrouhi EM (2014) Moroccan banks analysis using CAMEL mode. Int J Econ Fin Issues 4

(3):622–647
Forbes KJ (2012) The big “C”: identifying and mitigating contagion. Paper prepared for 2012

Jackson hole symposium hosted by the Federal Reserve Bank of Kansas
Li WJ, Liu L, Tong WL (1998) Indonesian Banking; Marriage or Perish. In: Tan TM, Low AM,

Williams JJ, Choo TM (eds) Business opportunities in Indonesia. Prentice-Hall, Singapore,
pp 105–128

Munir R, Perera S, Baird K (2011) An analytical framework to examine changes in performance
measurement systems within the banking sector. Australas Acc Bus Financ J 5(1):93–115

Nurazi R, Evans M (2005) An Indonesian study of the use of CAMEL(S) ratios as predictors of
bank failure. J Econ Soc Policy 10(1):143–167

Ozkan FG, Unsal DF (2012) Global financial crisis, financial contagion and emerging markets.
IMF working paper

Roman A, Şargu AC (2013) Analysing the financial soundness of the commercial banks in
Romania: an approach based on the camels framework. Procedia economics and finance 6
(0):703–712. doi:10.1016/S2212-5671(13)00192-5

Rozzani N, Rahman RA (2013) Camels and performance evaluation of banks in Malaysia:
conventional versus Islamic. J Islamic Financ Bus Res 2(1):36–45

Vong J (1986) Information systems for planning and control. Manag Decis 24(5):17–19
Vong J (1994) Strategic response quotient—a major indicator of bank performance. SES J
Vong J, Tham KC (1998) Thailand and Indonesia beat the brunt: what went wrong? Banker’s J

Malays 104:4–5
Wellink N (2011) Basel III and beyond. FSI and EMEAP working group on banking supervision

34 3 Bank Ratings in Emerging …

http://www.bis.org/bcbs/basel3.htm
http://dx.doi.org/10.1016/S2212-5671(13)00192-5


Chapter 4
Microfinance and Gender Equality
in Indonesia

Abstract The financial inclusion of women micro entrepreneurs is both important
and necessary for the holistic socio-economic development of a nation. This paper
aims to address the gap in the study of the processes of financial inclusion by
women micro-entrepreneurs in Indonesia. The research will contribute to the pool
of academic resources related to financial inclusion, micro credit, and women
entrepreneurship that intend to improve the processes and benchmarking for
financial inclusion initiatives. In writing this paper, there was extensive literature
research plus in situ research conducted in Indonesia. There is also a significant
amount of evidence that is related to factors that contribute to gender inequality.
Both desk research and field research found that financial exclusion is linked to
financial education, cultural norms of rural Indonesia and high banking cost and
mobile payments. In conclusion, the authors recommend improving processes in
designing financial products and financial education, and lowering the cost of
banking, especially in the use of mobile payment technology, and instituting micro-
insurance. Further research is recommended to generate hypotheses relating to
financial inclusion and women entrepreneurship in Indonesia.

Keywords Financial inclusion � Financial exclusion � Cost of banking � Bank
products � Education for women � Micro finance � Rural indonesia � Women
micro-entrepreneurs � Payment technology � Gender inequality � Access to formal
finance

4.1 Introduction

Over the last 10 years, Indonesia has been the largest economy in Southeast Asia with
a GDP growth of between 4.5 and 6.2 %. Although the nation is facing multiple
problems, such as corruption and instability, Indonesia has emerged from the global
financial crisis with a surprisingly positive reputation. In 2010, it was called a “golden
child” (Vong 2010). This is good news for small and medium-sized enterprises
(SMEs) and it is expected that there will be a significant pick up in SME Banking.
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The microenterprises and SMEs play an important role in Indonesia. In the 2006
Census done by Indonesian government, SMEs constituted 99 % of all businesses
in the country, employed 97 % of the work force, and accounted for 54 % of that
year’s GDP.

Table 4.1 shows an Economic Census figure between 1996 and 2006. It shows that
the SME sector grew 38% in terms offirms and 46% in terms of employment. In 2006,
there were nearly 23 million firms in the country with nearly 50 million workers.

The small business-lending (SBL) segment probably holds the greatest promise
for higher returns and operational economies of scale for banks in Indonesia. The
Indonesia 2006 Census estimates that there are about 3.6 million small enterprises.
According to (International Finance Corporation 2010a), 90 % of the banks agreed
that this segment has higher profitability than commercial banking, and is less
competitive than retail banking as shown in Table 4.2. It is also surveyed that 20 %
of small enterprises (or 727,000) intend to borrow this year.

Table 4.1 Distribution of
firms among the micro, small,
medium and large categories
(based on firms’ turnover)

SME
category

Distribution (%) Estimated numbers

Micro 83.7 About 19 million firms

Small 15.8 About 3.6 million firms

Medium 0.7 About 161,000 firms

Large 0.2 About 46,000 firms

Table 4.2 Key statistics of
SMEs and women in
Indonesia

Micro and SMEs account for 54 % GDP 2006 (i.e. IDR 3338
trillion), employs 97 % of the workforce, and accounts for 54 %
of GDP

23 million SMEs constitute 16.4 % of all firms in Indonesia

Number of firms grew 38 % (1996–2006)

0.7 % (160,000) medium-sized enterprises: 15.8 % (3.6 million)
and 83.7 % (19 million) micro

20 % of small business (727,000 firms) intend to borrow
in 2010

15 % expressed interest in internet-based fin products and
property insurance products

70 % are sole proprietorships

About 49 % of SMEs wish to borrow up to IDR 150 million

86 % of SMEs have up to IDR 50 million revenues per month

28 % of SMEs are women-owned of which 97 % are outside
Jakarta

90 % Women owned SME use their own savings for funding
the business

“Best lenders” are BRI and BCA

Margin erosion at corporate banking has moved banks to
commercial lending to “medium sized firms”

Source International Finance Corporation (2010b)
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The development of microenterprises are considered to be instrumental in pro-
viding employment and raising the standard of living of poor people all over the
world (Singh et al. 1999), however, it concurs with research literature that reports a
higher percentage of micro-entrepreneurial activity is reflective of higher poverty
‘distress’, in reference to Indonesia (Tambunan 2011). The nation is noted to take
firm steps to counter poverty levels in the rural areas. This may be evident from the
number of micro-enterprises undertaken by poor households as they are “pushed” to
take on activities to incur their primary and secondary income. During the Asian
financial crisis of 1997, microenterprise activity in Indonesia absorbed laid-off
workers and presently it represents 90 % of all Indonesian firms (Vial 2011).

In 2010, according to the IFC survey report, financial access is highly skewed to
urban areas whereas only 20–34 % of rural households had access to banking
services (International Finance Corporation 2010a). Another report states that out of
230 million Indonesians only 55 million have bank accounts (Vong 2010). Based
on the analysis highlighted above we can assume that majority of the unbanked
population would be rural women due to the several constraints. This means there
is significant scope for financial inclusion of rural women entrepreneurs. The
challenge that micro-entrepreneurs currently face is that there are not enough banks
located in close proximity to remote rural areas. The opportunity cost is very high
for rural women to travel to the banks in cities (Columbia Business School 2012).
Hence the first step for financial inclusion process is to provide easy access with
minimum opportunity cost. Most importantly, banks need to provide a full range of
financial services, as customers would like to deal with only one bank account for
all their requirements (Vong 2010). This can be followed by minimized docu-
mentation process, female oriented services, and products.

4.2 Microcredit and Micro-entrepreneurs in Indonesia

The microfinance institutions in the earlier decade gave more emphasis on
microenterprise lending, above all other services (Eversole 2003). However, the
strategy has changed towards offering a range of non-financial business development
services such as enterprise management, accounting courses, marketing assistance
etc. This is done to support more sustainable development of the economic structure.

It can be deducted that there is insufficient competition in the micro financing
sector that has led them to ignore the needs of various niche target markets
(Tambunan 2009). This may have also hampered the creation of innovative financial
products for these particular targets in question. According to Badan Pusak Statistik
(aka Statistical Office of Indonesia) resources, the micro-enterprises located in rural/
backward areas remarked of not receiving any credit from banks or other financial
institutions. The absence of formal assistance required them to raise capital from
their own savings, family members, and informal money lenders (Tambunan 2011;
Vong 2010).
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International Finance Corporation (IFC) has been playing a catalyst role with its
program called “Banking on Women”, with financial institutions and banking
partners all over the world. The main focus of IFC’s program is to ensure that
businesses run by women entrepreneurs are profitable and sustainable. This plan is
in line with the Millennium Development Goals (MDG) and economic growth of
developing countries. Approximately, 30 % of the businesses registered across the
world are women-owned entities. However, only 5–10 % of these entities have
access to loans from commercial banks and financial institutions. Some of the
impediments to women entrepreneurs from accessing finance, as listed by IFC are
—weak management and business skills, unfavourable business and regulatory
environment, lack of tailor-made banking products and financial services for
women (Vong 2010).

The products and investment services of IFC are:

1. Risk sharing facilities with banking and non-banking partners
2. Equity/capital
3. Credit insurance
4. Loans/credit lines
5. Supply chain finance and distributor finance

IFC also offers Advisory Services so that financial institutions can reach out
more effectively to women entrepreneurs. These services include: staff training,
segmentation or market positioning, strategic planning and product repositioning. It
trains women entrepreneurs in business management and planning, financial liter-
acy, and elucidate credit/bank application process. In 2010, as a part of Banking on
Women program IFC had invested in Bank International Indonesia and has planned
for many such investments in the coming years (International Finance Corporation
2013).

According to a survey conducted by Hearts and Wallets (Kuehn 2012), 49 % of
women admitted that they are very inexperienced in financial services and their lack
of understanding of financial products causes difficulty for them to formulate sound
financial decisions. This has been confirmed through another study done by
Prudential.

Research papers by Johar et al. (2006) and Vial (2011) suggested that there are
informational asymmetries in Indonesia. They also mentioned that, before any
discussion about the improvement of credit facility or financial services, it is
important to test the financial knowledge and willingness of people to borrow. The
tests and studies conducted in the researches were based on regression analysis
using different factor combinations to look out for changes in results i.e. propensity
to borrow, with each combination. The analyses revealed interesting results—the
tendency to borrow is higher for women from female-headed households. More-
over, a strong correlation was found between education level of women and the size
of loan received. They discovered that social network albeit increases the chances
of women getting a loan, the education level decide the size of loan granted. They
also identified that women’s borrowing activity is not affected much by money
lenders’ policies.
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A study in the United Kingdom (UK) has also strongly supported the hypothesis
that, similar to Indonesia, women are more likely to perceive financial barriers to
business start-up than men, ceteris paribus. Data suggests that in the UK, women
are 7.4 % more likely than men to perceive financial barriers. However, there is
empirical evidence given in the report that the level of education also plays a vital
role in financial access to women. However, it does not provide enough supporting
reasons for the negative perceptions of UK women related to financial barriers
(Roper and Scott 2009).

4.3 Women Micro-entrepreneurs

According to Tambunan (2011), there was an up-rise in the positive international
speculation to the concept of women’s entrepreneurial participation. This has,
especially in rural areas, invoked interest among policy makers, academics, and
practitioners in Indonesia. It is looked upon as an opportunity to encourage mobili-
zation of women talent as entrepreneurs to improve the rural economic conditions.
Tambunan (2009) finds contrast in literature reviews about the predominant factors
for entrepreneurship among women in rural Indonesia to that of more developed
economies such as the United States andKorea. The former is found to, most often, be
in an economic necessity to improve their family’s economic status, whereas the latter
desires to achieve fulfilment, independence, self-esteem, and liberty of choices. It is
essentially true in countries with higher levels of poverty that the women seemed
more to be ‘pushed’ towards entrepreneurship, rather than ‘pulled’ (Davis and
Abdiyeva 2012). Davis and Abdiyeva (2012) found women to be confined to man-
aging very small enterprises; mostly microenterprise with less than 10 employees.
This is further supported with the similar cases in many countries such as Jordan,
Botswana, Kenya, Lesotho, Malawi, Swaziland, and Malaysia.

In Indonesia, Tambunan (2011) attributes four main factors which have led to
the low representation of women entrepreneurs: (1) Low educational and training
opportunities, (2) heavy household chores, (3) legal, traditions, customs, and cul-
tural norms in social context for Indonesian women, (4) lack of access to formal
credit and financial institutions. He also mentions that these same factors have been
observed to have changes for women in urban areas in the last 30 years. Through an
interview in person, the author also deduced that majority of women entrepreneurs
in manufacturing industry were mostly found to originate from the western and
more developed regions. This gives further reason to investigate the opportunities
offered differing to females hailing from urban societies in comparison to rural
societies of Indonesia.

The various constraints detailed in the literature review points to the lack of
access to financial credit. Kantor (2005), conducted an empirical analysis which
confirmed that access of credit did not have statistically significant effect on the
economic performance of the enterprise, but the size of the effect is still considered
large and positively supportive for the importance of credit for micro entrepreneurs.
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4.4 Constraints Suffered by Indonesian Women
Entrepreneurs

According to the 2009 United Nations Centre for Human Settlements report (Narain
2009), it was found that 75 % of women in the world were discriminated in the
formal and informal credit markets. For instance, Davis and Abdiyeva (2012)
inferred from a survey conducted in Kazakhstan that 36 % of the women entre-
preneurs interviewed still find difficulty to obtain formal bank finances for their
enterprises over the past decade. This is due to their lack of permanent employment,
lack of asset (land or housing) ownership to offer as security or the country laws
acknowledgment to identify women as a minority. In general terms, it has been
mentioned that there are various constraints faced by small entrepreneurs in
Indonesia. This may alter according to region, sector or by the nature of enterprise.
The constraints may enlist the lack of capital, access to supply materials, access to
relevant business statistics, lack of marketing knowledge and product distribution
(Tambunan 2011).

Tambunan (2011) mentioned that ‘micro entrepreneurial finance’ may be viewed
as a risky investment for formal institutions because it often entail requests for non-
collateralised forms of lending. Even on acceptance of the micro-loan, it may be
inadequate and can particularly constrain the necessary supply of capital for micro
entrepreneurs. He also extracted statistical data from Badan Pusak Statistik
resources shown in Table 4.3. Through a pilot study, the author succeeded to
uncover the main constraints in manufacturing industry. With focus on Micro-
Enterprises (MIEs), 75 % have admitted to the presence of constraints with respect
to capital, raw materials, and marketing.

Table 4.3 Main problems faced by SEs and MIEs in manufacturing industry (Tambunan 2011)

SEs MIEs Total SEs and MIEs

Have no problem 46,485 (19.48) 627,650 (25.21) 674.135 (24.71)

Have problem 192,097 (80.52) 1,862,468 (74.79) 2,054,565 (75.29)

Raw material 20,362 (10.60) 400,915 (21.53) 421,277 (20.50)

Marketing 77,175 (40.18) 552,231 (29.65) 629,406 (30.63)

Capital 71,001 (39.96) 643, 628 (34.56) 714, 629 (34.78)

Transportation/distribution 5,027 (2.62) 49,918 (2.68) 54,945 (2.67)

Energy 40,605 (2.4) 50,815 (2.73) 55,420 (2.7)

Labor cost 2,335 (1.22) 14,315 (0.77) 16,650 (0.81)

Others 11,592 (6.04) 150,646 (8.09) 162,238 (7.90)

Total 238,582 (100.00) 2,490,118 (100.00) 2,728,700 (100.00)
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4.5 The Result of Financial Exclusion of Women
Entrepreneurs in Indonesia

According to the data produced from World Economic Forum (WEF), Indonesia
has shown poor results in Gender Gap Index (GGI) with a rating of 0.6591 in 2012
(Hausmann et al. 2012). Its ranking dipped from 68th position in 2006 to 97th in
2012 out of 135 countries. As seen in Tables 4.4 and 4.5, this index is based on four
main criteria of inequality between men and women: (1) Economic Contribution;
(2) Education Opportunity; (3) Health and survival; and (4) Political Empower-
ment. The scale consists of index values, where zero represents inequality and one
represents equality. This index measures the gender-based gaps in access to
opportunities and resources in the respective countries but not the actual levels of
resources and opportunities available in those countries.

Another index supporting the evidence of Gender gap is Gender Equity Index
(GEI) developed by Social Watch, which states the value hundred indicates the least
gender gap and zero indicated the highest gender gap. It classifies countries relevant
to gender inequity based on 3 areas: Education, Economy activity and Women
Empowerment. It states that Indonesia scored only 55 in 2010. However, the scores
have improved to 62 in 2012. But it is still far from developed neighbouring
countries like Singapore. Table 4.6 shows the GEI for ASEAN countries in 2012.

According to the Human Development Report 2013 by United Nations Devel-
opment Program (UNDP), Indonesia has a Gender Inequality Index (GII) score of
0.494, ranking 106 out of 148 countries in 2012. The result reflects that Indonesia
has loss in the equality between male and female in human development in the three
GII dimensions: (1) reproductive health (maternal mortality and adolescent fertility
rates); (2) empowerment (share of parliamentary seats and attainment at secondary
education) and (3) economic activity (labour market).

As in Table 4.7, in the year 2012, only 51.2 % of female in Indonesia partici-
pated in the labour market as compared to 84.2 % for male. 18.2 % of female held
the parliamentary seats, and 36.2 % of women have a chance to study until sec-
ondary or higher level education in Indonesia. If compared with other region in
Asia, for instance, Philippines and China, Indonesia still struggles to achieve gender
equality development.

All these indexes indicate that the country predominantly depends on men in
most businesses. Such gaps and inequalities are prevalent mainly in the rural areas
making it difficult for women entrepreneurs to carry on their business activities.

4.5.1 Research Conducted in Indonesia

Citing another research conducted by the author in Indonesia (Vong 2010), where
focus group interviews were conducted with 70 respondents (comprising 45 women
entrepreneurs and bank staff of which a majority are women), on bank service
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Table 4.5 Ranking by region 2012 (Social Watch 2012)

Asia and the pacific

Country Score Rank Country Score Rank

New Zealand 0.7805 6 Bangladesh 0.6684 86

Philippines 0.7757 8 Maldives 0.6616 95

Australia 0.7294 25 Indonesia 0.6591 97

Sri Lanka 0.7122 39 Malaysia 0.6539 100

Mongolia 0.7111 44 Japan 0.653 101

Singapore 0.6989 55 Cambodia 0.6457 103

Thailand 0.6893 65 India 0.6442 105

Vietnam 0.6867 66 Korea, Rep. 0.6356 108

Table 4.6 Gender equity index 2012 for ASEAN countries

Country Education Economic activity Empowerment GEI

Brunei Darussalam 99 78 39 72

Cambodia 71 73 21 55

Indonesia 93 57 36 62

Lao, PDR 75 69 23 56

Malaysia 98 40 31 56

Philippines 100 67 61 76

Singapore 94 71 40 68

Thailand 97 77 39 71

Viet Nam 95 75 41 70

Myanmar 97 65 * *

*There are no available data on GEI
Source Hausmann et al. (2012), Social Watch (2012)

Table 4.7 Indonesia’s GII for 2012 relative to selected countries and groups

GII
value

GII
rank

Maternal
mortality
ratio

Adolescent
fertility rate

Female
seats in
parliament
(%)

Population
with at least
secondary
education (%)

Labor force
participation
rate (%)

Female Male Female Male

Indonesia 0.494 106 220 42.3 18.2 36.2 46.8 51.2 84.2

Philippines 0.418 77 99 46.5 22.1 65.9 63.7 49.7 79.4

China 0.213 35 37 9.1 21.3 54.8 70.4 67.7 80.1

East Asia
and the
Pacific

0.333 – 73 18.5 17.7 49.6 63 65.2 80.6

Medium
HDI

0.457 – 121 44.7 18.2 42.1 58.8 50.5 79.9

Source United Nations Development Programme (2013)
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delivery quality, core competence of bank staff and product features for women
entrepreneur. The author has since re-visited the responses of the focus group
interviews and discovered many subtle messages relating to constraints of women
entrepreneurs in Indonesia. These messages can be viewed from the perspectives of
Indonesian culture, women education, education status of women, cost of bank
transactions, and mobile payments.

4.5.1.1 Indonesian Culture

The various evidences used for the hypothesis analysis are interchangeably related
to such extent that it may be difficult to determine which are the cause and the ripple
effects. The description of womanhood by the state government roots from the
Javanese cultural values and Islamic values. The social construction Indonesian
womanhood is based on three concepts: ‘Istri’ (housewife), ‘Ibu’ (Mother), and
‘Ibuism’, which symbolises their position in the context of a patriarchal system.
Due to this, an Indonesian woman is not considered to be a bread winner and
perceived as a non-productive member in the society (Ida 2001).

Indonesian country can be divided into two regions based on economic devel-
opment: urban region and rural region. One of the major dissimilar characteristics
would definitely point to the varying degree to which socio-cultural norms are
practised in each region (Davis and Abdiyeva 2012). This paper also eloquently
states that women in rural areas face certain structural, cultural, and institutional
constraints. This creates difficulty to improve female educational attainment as
many households in the society subscribe to the belief that education only belongs
to men only.

The culture restricts women from participating in public places at mixed-gender
events or groups. This reduces their opportunity to attend skill-building pro-
grammes (Kantor 2005). However, Davis and Abdiyeva (2012), states that it is
imperative for micro-entrepreneurs to have the ability to secure credit and other
financial requirements. It is quintessential even more so for people in less indus-
trialized or developing economies as it requires networking which is considered a
taboo in the Indonesian culture for females.

In the literature review done by Davis and Abdiyeva (2012), it is inferred that the
suppressions of women by patriarchal norms and masculine culture is a common
theme in women entrepreneurship, irrespective of the size of the firm. In the Asian
society, socio-cultural expectation of women is a familial role, which endows them
with undivided childcare responsibilities, when the men are considered to have the
breadwinner role. This can lead a woman to choose to start microenterprises, in
order to balance their socially inherited roles and constrain her spatial mobility,
which is required to access formal credit.
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4.5.1.2 Education Status of Women Entrepreneurs

The education status of a female entrepreneur is an important variable while
understanding their difficulties (Huarng et al. 2012). As a whole, Indonesia is
composed of 33 provinces, 98 Cities, 8,072 Urban Villages (12 %), and 67,172
Rural Villages (88 %). Indonesia’s population as of 2011 is 242.3 million (The
World Bank 2013). The rural population of Indonesia, as recorded by World Bank
till 2010, is 46.30 % of the total population (Trading Economics 2012). With a sex
ratio of 1:1, it can be said that there are approximately 56 million women living in
rural areas (Central Intelligence Agency 2013).

In many cases, women are socially perceived as not needing education because
the task of a married woman frequently revolves around housework and raising
children. Some families also believe that it is better to educate men rather than
women because married men are assumed to take social and financial responsi-
bilities for their family as well as their parents. Hence, it seems rational for them to
educate males in order for them to obtain better work opportunities. This is a social
and cultural barrier with respect to the task of empowering women.

The number of women participation in business has increased every year due to
the increase in number of literate women. In Indonesia, families particularly those
in rural areas, still do not find the need to send their daughters to school beyond the
elementary level. When Indonesia suffered an economic crisis in 1997, women and
girls were the first to sacrifice their position in jobs and schools. The gap between
men and women has barely changed at higher levels of education (Prasilowati
2000). As the years have passed, there has been an increase in the literacy rate of
women, especially in terms of primary education. Among female population that
attends primary school, 1 out of 5 rural profiles don’t graduate to the junior sec-
ondary level. This is a wide gap when compared to the ratio of 1:10 in urban
profiles (UNICEF 2012).

As per 2004 estimates, Indonesia’s literacy rate was recorded as 94 % for males
and 86.8 % for females (Vong 2010). In 2011, the literacy rate improved to 95.6 %
for males but reduced to 90 % for females. The female literacy rate, especially in the
rural areas, was recorded as 86.30 % in 2011 (Badan Pusat Statistik 2011).

In contrast, there are some reports, which state that the actual illiteracy rate of
rural women is 2–3 times higher than the reported government data. It also states
that many of them cannot speak their own language i.e. Bahasa Indonesia. In spite
of the efforts made by the government to eliminate illiteracy, they seem to be
ineffective due to lack of commitment of the Head of the Region.

Government spending on literacy has witnessed a steady and commendable
increase in Indonesia. Indonesia invested around $13.1 billion in the educational
sector in 2006, which increased to $16.5 billion in 2009. Educational expenditure as
a percentage of GDP was 3.16 % in 2009 (Vong 2010). As one of the Millennium
Development Goals, special attention is now given to Women Empowerment in
Indonesia. They have realized that education plays a vital role for accomplishing
this goal. Government has now allocated 20 % of the national budget to increase the
number of children receiving junior secondary education. To guarantee the right to
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education for every girl child, it has also taken necessary measures to ensure 9 years
of basic education for every Indonesians child. Furthermore, government provides
formal education packages for children with special needs and informal education
for out-of-school young women.

According to OECD report (Hung et al. 2012), there has been good progress in
terms of education to women in primary, second and tertiary education. However,
in spite of this, economic empowerment of women is far lesser than men. Although
the law does not tolerate discrimination, cultural influences that discourage women
to be full-time entrepreneurs still prevail in many rural areas.

4.5.1.3 Financial Education Among Females

The research work in Indonesia and India highlights that financial literacy has a
strong influence on demand for financial services (Cole et al. 2009). According to
OECD definition, financial literacy is a combination of cognitive attributes neces-
sary to make sound financial decisions and ultimately achieve individual financial
well-being (Hung et al. 2012).

A wide range of empirical literature states that gender differences do exist in
financial literacy along various dimensions. On average, the performance of women
on tests of financial knowledge in different countries has proven to be worse than
men, and have less confidence in their financial skills. Many literatures have
identified wide-spread potential repercussions of gender differences in many
countries. Lower levels of financial literacy may possibly lead to reduction in
women’s active involvement within a country’s economy (Hung et al. 2012).

It is noticed that, when women have access to information on market opportu-
nities and financial services that are available to them, they may not be well
equipped to avail it. Another very important question is whether there is any
difference between men and women in their willingness to take risks. Studies in
economics and psychology have identified that women, on average, tend to be more
risk averse than men. Moreover, they may even give up activities that require them
to bear excessive risk although these opportunities might offer higher returns.
Women are more likely to consider borrowing against collateral as a risky trans-
action and might be less interested in taking out loans even when credit is available
to them (Fletschner and Kenney 2011).

A report by Fletschner and Kenney (2011) inferred that women, as compared
with men, follow social norms with a different set of family rights and responsi-
bilities, tend to have limited access to information, less control over resources that
are accepted as collateral, and more risk averse. It can be clearly understood that,
the conditions under which women are ready to participate in formal financial
markets, the type of financial products and services they require, and their ability to
fulfil their financial needs varies considerably from the requirements of men. These
findings suggest that women will have a stronger preference for financial products
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that are customized and personalized to allow them to borrow without any risk of
losing their assets, to save in a safe and secured environment, and also insure
against any risks (Fletschner and Kenney 2011).

4.5.1.4 Cost of Bank Transactions

One reason for poor women to participate in informal financial mechanism is
transaction cost. According to Vonderlack and Schreiner (2002), they found that
minimum transaction costs are required for women to use financial services. For
those poor women opportunity cost of time and transaction costs, such as childcare
fee, transportation, copies needed to open an account can overburden all other
factors in the options of savings mechanism (Vonderlack and Schreiner 2002).
Therefore, it is recommended that financial institutions should offer a one stop
platform, “one system, one clearing house and one day clearing” for cheque
transactions (Bank of Thailand 2008). In this platform, micro women entrepreneurs
can reduce time and improve convenience, instead of handling many passbooks and
visiting many banks to transfer money. Technically, it is called as Imaged Cheque
Clearing System (ICS) and Image Archive System (IAS). It has integrated Elec-
tronic Cheque Clearing (ECS), Provincial Cheque Clearing, and Bill for Collection
(B/C) into a single system (Bank of Thailand 2008). As the result, the cheque
processing is reduced from 2 or 3 working days to 1 day, to save on transaction and
opportunity costs and to meet the women’s entrepreneur needs.

Mobile phone companies and network providers play a vital role in promoting
mobile banking among its customers. One such example is Simpay, a consortium
formed by several European Telecom service providers. Its main aim was to offer a
single common platform to process routing, clearing and settling of m-payments.
However, in 2005, Simpay collapsed even before it started its operations due to
several impediments. Its biggest challenge was to bring rival firms together and
provide equal benefits to everyone. Hence, it is argued by many that m-payment
needs cross-industry involvement to be successful. For instance in Japan, NTT
DoCoMo has aggressively teamed up with many financial institutions and has spent
¥99 billion on technology to implement m-payment. They achieved success, as
within a span of less than 1 year about 25000 retail outlets started accepting m-
payments from customers. There have been many such success stories in South
Korea as well. Hence, it is said that a joint venture between mobile network
operators and banks, aided by technology producers, is needed to address current
challenges related to product development, information security, users’ require-
ments, resource and expertise sharing, and so forth (Au and Kauffman 2008).
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4.6 Recommendations

4.6.1 Micro Financial Products Design

Waterfield (2001) reinforces that credit institutions require incorporating financial
products and delivery methodologies, which are both appropriate and sustainable.
The author insists that micro financial institutions may have to be three hundred
times more efficient than commercial bank during loan disbursement activities. This
is vital as microfinance products have tendencies to deviate from the majority of
products employed by formal lending institutes.

There are various limitations in the ability of formal and informal sources of
finance. These limitations can exaggerate further in reference to the women micro-
entrepreneurs in Indonesia. Table 4.8 shows two types of sources of microfinance
products. Microfinance products would require relaxing the collateral criteria and
developing more evaluative tools to analyse loans and character of the women
micro-entrepreneur. Secondly, it is necessary to devise a system to prepare alter-
native plans if micro-loans were to default but nonetheless minimize the adminis-
tration expenses during the process (Waterfield 2001).

Waterfield (2001) exemplified the successful loan repayment rates when poor
women micro-entrepreneurs involved in informal source schemes such as
ROSCA’s, where peers in the group place pressure on each other in order for the
whole group to be credible for the following loans. The informal source from
moneylenders brings to notice that formal micro financers are required to make
quick response to needs of women micro-entrepreneur in a timely and non-
bureaucratic fashion.

Most banks offer a good range of micro financial products and services. How-
ever, they still lack effort in attracting women entrepreneurs from rural areas. Focus
areas for banks and financial institutions in relation with women entrepreneurs in
Indonesia:

Table 4.8 Sources of microfinance products

Informal sources Formal sources

Rotating savings
and credit associations
(ROSCAs)

Moneylenders/middlemen Banks and coops

Inflexible timings
of loans

Extremely high interest rates Very limited access

Limited and inflexible
loan amounts

Often limited loan amounts High transaction costs

Risk of loss
of investment

Obligations to sell to middle-man at
sub-market rates or buy expensive
inputs

Rigid collateral
requirements
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4.6.1.1 Reduce Informal Finance Dependency

In case of micro financing, banks charge high interest rates, have rigid and lengthy
procedures, and require collaterals. On the other hand, although interest rates of
informal finance are high, they are flexible in terms of collaterals and efficient with
loan approvals (Riedinger 1994). Banks can counter high interest rates by reducing
operational cost. This can be done by eliminating middlemen, distribution agents,
physical office buildings, etc. and make use of technologies like biometrics, mobile
banking, mobile wallets, etc. Mobile banking reduces operational cost by almost
50 % (Columbia Business School 2012). They need to create a women friendly
environment by creating an aesthetic appeal, personalizing conversations, and
fulfilling their unstated needs in an efficient manner. According to a pilot study
conducted in Cambodia, it was observed that the impact on introduction of mobile
banking has created social inclusion among the rural population in four major
dimensions: consumption behaviour, participation in economy, political contribu-
tion and social network creations (Vong et al. 2012).

4.6.1.2 Create Awareness of Financial Services

Rural women, as mentioned earlier, have less access to secondary education and
also display poor financial knowledge. Hence, MFI’s and banks need to conduct
awareness programs in every rural area on a regular basis. Currently, the most
common services that customers would like to use on a daily basis are—transac-
tions between bank account holders, top-ups, remittance, repayment, buying things
with micro-amounts (International Finance Corporation 2010a). All these services
can be easily accessed with the help of mobile banking. Hence, the benefits of
mobile banking and its success stories in other countries like Kenya should be
highlighted to the masses in rural areas. In order to make this program more
effective, financial institutions need to collaborate with popular telecom services
like Indosat and Telkomsel. For the payment and banking transactions, customers
can use only the cellular network; no Wi-Fi is needed. This will provide access to
majority of the rural women entrepreneurs as there are about 180 million mobile
subscribers in Indonesia (Vong 2010). They can also introduce mobile vans, which
will not only provide basic financial assistance to remote areas, but will also work
as an advertising mechanism.

4.6.1.3 Use of Technology to Lower Bank Transaction Cost

Information and Communication Technologies (ICT) becomes a vital dynamic tool
for entrepreneurial, firms and social opportunities and human development. ICT is
“prime mover” that rapidly decreases social inequality (Chen and Wellman 2005)
and has significant role in economic development and poverty reduction (African
Partnership Forum Proceedings 2008).
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As women represent the major economic driven in many countries, the use of
ICT, information-based or knowledge-based in women is growing for countries’
economic as well as improving quality of life to both of urban and rural regions.

In 1995, The Fourth World Conference on Women in Beijing explained that the
utilizing of mobilization, information exchange, and empowerment in women is
potential tool for understand about information technology more and more.
Unfortunately, women in some areas are likely to have barriers to access ICT,
including the Internet, for example language problem, low levels of literacy rate
computer illiteracy and insufficient telecommunications infrastructure. “Techno-
phobia” is one of constrains for women attitude towards ICT. Furthermore, in less
developed countries like Africa, patriarchal gender norms are obstacles for
women’s connectivity to the Internet. Thus, the gender limitation and low levels of
literacy rate can results to micro women entrepreneur’s access to ICT.

However, Web 2.0 (Social networking), mobile banking, handheld personal
digital assistants (PDAs) and fingerprint IDs can now offer those groups to reach
formal micro financial services in real-time (Kauffman and Riggins 2012). As the
result, bridging improved comprehension for micro women entrepreneurs to digital
devices can increase opportunity micro financial operations.

Hence, in a framework called microfinance technology and stakeholder ecosys-
tem, it is considered that Information and Communication Technology (ICT) will
play an important role to make microfinance more effective in its outreach. There are
some challenges that Microfinance Providers (MFP) currently face in terms of ICT—
lack of investment in technology, inadequate internal IT capabilities, and security
issues related to execution of financial transactions (Kauffman and Riggins 2010).

4.6.1.4 Value Added Services

Organizing conferences, networking seminars and business education sharing
workshops will provide an excellent platform for women entrepreneurs, especially
for those who have newly established their ventures. This will also allow successful
entrepreneurs to share their experiences and best practices. These types of addi-
tional services will need to be an on-going process. Apart from financial literacy of
rural women, these seminars will need to cover various topics such as specific
health related issues, resource and financial management.

4.6.1.5 Use of Mobile Banking

In the last decade, technological advancement has gained attention due to the
addition of mobile (m)-payments. A study done by Royal Philips Electronics and
Visa International shows that consumers like to use mobile phones for transactions
and payments, as it is convenient and easy to use. In addition, a research-consulting
firm called Celent states that in 2006 approximately $24 billion payments were
made through mobile phones, which significantly increased to $55 billion in 2008.
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Furthermore, a survey conducted by Visa USA among 800 Americans revealed that
over 50 % of the people surveyed between age group 18 and 44, preferred
m-payments over cash for small purchases.

Most of them also stated that they would like to carry just mobile phones instead
of physical money. Similar results were found in London as well. According to
analysts and researches mobile payments will continue to prosper as more people
start to understand the benefits of technology and digital wireless phones (Au and
Kauffman 2008).

Another mobile banking system designed for microfinance is ACMB i.e.
Affective Cashless Mobile Banking. Its prime objective is to maximize the outreach
of banking services to the vast unbanked population in a cost-effective and usable
manner. It also helps to secure mobile banking transactions by implementing credit
card transaction protocol. ACMB’s test and survey showed promising results and
positive responses from users as most of them found it effective, efficient and easy
to use. For instance, creating a new account took less than 3 min and the system
could handle 804 transactions in 3 h. However, to make it an affordable banking
system, it needs to operate on 2G cell phone networks, as 3G networks are not yet
implemented in many developing countries. This could lower the cost of owning a
banking system to US$100, which will be capable of supporting about 2000
transactions (Song and Vong 2013).

4.6.2 Micro-insurance

In patriarchal system of Indonesia, women may be described as “low-asset people”.
Therefore, the provision of micro-insurance along with micro-loans act as the pro-
tection against specific perils in exchange for regular premium payments propor-
tionate to the likelihood and cost of the risk involved.Micro insurance products can be
distinguished into thosewith a savings element and those that are pure insurances. The
former product is more popular as it has a balanced reciprocity arrangement. Micro
insurance is essentially seen as a safety net to maintain the status quo when it is
connected to microcredit and micro savings. The existence of a micro-insurance
reduces the applicant’s risk, which will boost their confidence to continue use of
micro-credit and also allow for easier access in the eyes of formal micro financiers.

With inspiration from two models devised by Hintz (2009), a provider driven-
community based in which multiple but small group of applicants, in this case rural
women micro entrepreneurs, on formal terms gather their resources and risks into one
pool. It is said to be provider driven, as the insurance provider will run the entire micro
insurance scheme including its distribution. This would require the establishment of
female insurance agent network who would educate and interact with the client
groups. Micro insurance is the new tool to overcome collateral security issues of
women entrepreneurs. Banks can either offer it themselves or can guide customers to
such insurance companies. It would be best for banks to handle micro insurance
process so that customers can deal with only one institution for all services.
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4.7 Conclusion

This paper has shown that women micro entrepreneurs face multiple forms of con-
straints, but they originate from an underlying gender inequality in their country of
origin. With reason to believe that altering socio-cultural taboos is high on the gov-
ernment’s agenda, the process will be time consuming and the rate of change will be
comparatively slow. While working around this shortcoming, the opportunity for
womenmicro entrepreneurs can be addressed bymicrofinanciers. However, the gender
inequality issues should be their focus of attention during the design process of suc-
cessful micro-financial products. Therefore, there is potential for further research pos-
sibilities to conduct field tests in rural Indonesia to explore the hypothesis generated.
This effortwill empower the entrepreneurial success of a developing country and help to
alleviate poverty levels, irrespective of the various coercions from within the society.
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Chapter 5
Lowering the Interest Burden
for Microfinance

Abstract MFIs have a high interest rate burden due to the small monetary amount
per transaction of microcredit and an inevitably high operating cost per transaction.
To ensure financial viability and to expand the depth and breadth of their opera-
tions, MFIs have to adopt cost recovery interest rates on microcredit, hence MFIs
have to charge interest rate high enough, usually substantially higher than the bank
loan risk free interest rate. The major factors in determining the interest rate on
microcredit are the cost of funds, operating costs, loan loss cost and capital for
business expansion. To illustrate the impacts of the above factors on interest rate,
we present a summary of the current cost structures of MFIs in three Southeast Asia
countries, Cambodia, Vietnam, and Indonesia. Then, we shall review existing
studies and propose new uses of mobile technologies and financial market inno-
vations for lowering interest burden.

Keywords Microfinance � Mobile technologies � Insurance � Interest burden

5.1 Introduction

Access to reliable and affordable financial services such as savings, credit, pay-
ments, transfers, and insurance are vital to living in a modern economy (Tan and
Teo 2000), yet over half of the world population are still unbanked. Chaia et al.
(2010), CGAP (2010) and Ardic et al. (2011) suggested that as of the end of 2009,
2.75 billion people (56 % of the global population) do not have access to formal
financial services. A recent survey of 150,000 adults aged 15 and above in 148
different economies conducted by World Bank reported that over 50 % of the
respondents do not have any account in any financial institutions. While 89 % of
adults in developed countries have access to financial services the percentage is
only 41 % in developing countries.

For the unbanked, poverty (no cash on hand), relatively high costs associated
with accessing banking services, and inconvenient locations (long travelling
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distance) of branches are reported as the major reasons for not using any banking
services. A third (approximately 800 million people) of the unbanked population in
Asia, who are in the lowest income category (i.e. living on under $5/day), simply
cannot afford the high costs of commercial banking services. For commercial
banks, providing banking service in these low-income communities is difficult. The
main reasons are high fixed costs of banking systems and the costs for running
banking activities (e.g., credit scoring and lending) required by commercial banks.
Some commercial banks also hesitate to participate or invest in these markets due to
lack of confidence and to avoid supporting potential future competitors. The
mechanism to provide a self-sustainable business model to serve these markets
continues to be a challenge.

In the last few decades, many MFIs have emerged to provide financial services
and microcredit to the unbanked sector. For example, solidarity lending and village
banking pioneered by Grameen Bank (Yunus 1999) in Bangladesh, Faulu M-PESA
(Hughes and Lonie 2007) and Kenya Women Finance Trust (KWFT) (www.kwft.
org) (Kiiru and Pederson 1996) in Kenya, WING in Cambodia (www.wingmoney.
com) (WING 2009), and many others. It is believed that microfinance is an effective
instrument to alleviate poverty by providing financial service, particularly micro-
credit and savings accounts to the low-income individuals and microenterprises
(Hammond et al. 2007; World Bank 1999).

Although microfinance began in Bangladesh in the 1970s, after 30 years,
there is still half of the world’s population outside the reach of MFIs. The majority
of existing microfinance solutions are operated on labour-intensive business
models that involve posting transactions from one ledger to another with human
hands. These not only pose a substantial challenge for these MFIs to scale fast
enough to serve the huge demand from the unbanked population, but also create
difficulties to be accounted for illegitimate activities and frauds. In particular, the
substantial portion of operating costs is due to manual labour. Credit officers have
to maintain frequent contact and close relationship with customers to enforce loan
contracts and to control risk of lending as the MFI customers cannot provide
collateral or credit histories. Operating costs are inevitably high for each loan
transaction as well. Therefore, MFIs charge much higher interest rates than banks
to ensure the permanence and expansion of the services without ongoing needs of
subsidies from donations. Therefore, the loan interest rates of MFIs range from
17 % (in Sri Lanka) to 80 % (in Uzbekistan), with a global average of 35 % CGAP
(2008). The high microcredit interest rates have been heavily criticized and a
number of countries have tried to legislate interest rate cap on microcredit. In
summary, for MFIs to scale fast enough to serve the huge demand from unbanked
population and maintain financial sustainability, they require new business models
and innovations to lower the interest burden by (1) lowering the operating cost,
(2) accounting for legitimate activities and frauds, (3) lowering or mitigating risks
of microcredits.

This study aims to understand the causes of interest burden of MFIs and dis-
cusses the roles of mobile technologies and financial market innovations for MFIs
to lower the interest burden. To illustrate the impacts of the various factors on
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interest rate, we present a survey of current cost structures of microfinance institutes
(MFIs) in Southeast Asia. Then, we review existing and propose new uses of
mobile technologies and financial market innovations for lowering the interest
burden.

5.2 Impact of Costs on Interest Burden

For MFIs to be financial viable, they need to use their loan interest income to cover
the operating costs which comprise of cost of funds, loan loss expenses, and other
operating expenses (e.g., equipment and wages) (Rosenberg et al. 2010):

Income from loans[Cost of fundsþ Loan Loss expensesþ Operating expenses

ð5:1Þ

Lowering interest burden would require lowering one of the three components
on the right side of the equation. In this section, we will discuss how these com-
ponents may affect interest income of an MFI. Financial information on MFIs is
drawn from the database of the Microfinance Information Exchange (MIX). Not all
MFI report to MIX, but those that currently do are over 2,000 MFIs worldwide in
110 countries. We use the adjusted financial information of these MFIs to com-
pensate for the effect of any subsidies they receive and, thus, try to present a picture
of what the industry would look like if they had to pay market costs for all of their
resources. We present the cost structure of MFIs in three Southeast Asia countries:
Cambodia, Vietnam and Indonesia. We collected a dataset that includes 58 MFIs
that report their results to MIX in 2011. 9 out of the 58 MFIs have a negative net
income after taxes and before donations; hence they are not financially viable. They
are excluded from this analysis. Among the 49 financial viable MFIs, there are 15
from Cambodia, 21 from Vietnam, and 14 from Indonesia.

Looking at interest rates, we use percentage of income from loan on gross loan
portfolio (GLP), which is the total amount that cash borrowers pay the MFI during a
period for interest and fee from loan divided by the average outstanding GLP over
the same period. Figure 5.1 shows the minimum, 25th percentiles, medians, 75th
percentiles and maximum interest and fee incomes of MFIs as % of GLP. The
values range from 16.7 to 37.97 % in Cambodia, 10.33 to 28.74 % in Vietnam, and
17.77 to 83.09 % in Indonesia. During the same period, the average risk free
interest rates in these countries are 1, 9 and 6 %.

To investigate the factors related to the interest rate of MFIs, we look at the
different costs and taxes of MFIs as percentage of income from loan. Figure 5.2
shows the minimum, 25th percentiles, medians, 75th percentiles and maximum (a)
cost of funds, (b) loan loss cost, (c) operating cost, (d) profit and (e) taxes of MFIs
as % of total income from loan during 2011.
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The costs of funds as percentage of income from loan for the MFIs are relatively
high with medians of 25.43 % in Cambodia, 13.4 % in Vietnam and 27.37 % in
Indonesia. The high cost of funds as percentage of income from loan may be due to
MFIs paying more expense interest rate to borrow capitals to fund their loan
portfolio; however, as compared to commercial banks, MFIs tend to have less of
their loan portfolio funded by liabilities. Another possible reason for this may due
to poor liquidity management for MFIs, MFIs may tend to keep more cash in hand
for liquidity risks.

Loan losses due to microloan default have relatively little effect on MFI interest
burden, loan loss as percentage of income from loan for MFIs have medians of
0.01 % in Cambodia, 0.76 % in Vietnam and 1.17 % in Indonesia. MFIs usually
have default rate well below those of commercial banks in their countries. MFIs
with too low loan loss rate may be too risk-averse in their selection of borrowers,
which may dampen the reach of MFIs to the poor.

Substantial portion of MFIs income from loan goes to pay operating costs. This
becomes the major factor of high interest burden for MFIs. Operating cost as
percentage of income from loan for MFIs has medians of 49.28 % in Cambodia,
53.28 % in Vietnam and 47.21 % in Indonesia. There are a large range of factors
that affect operating costs of MFIs, including loan size, scale of MFIs, client
location and density, communication and transport cost, type of loans, office and
equipment costs, and salary levels. Lower operating cost of MFIs will lower the
interest burden of MFIs considerably.

Profit has a mild effect on interest burden on MFIs. Profit as percentage of
income from loan for MFIs has medians of 17.06 % in Cambodia, 32.67 % in
Vietnam and 19.61 % in Indonesia. Making profit from microfinance is contro-
versial, as MFIs are viewed as a service to the poor, not as a profit making
opportunity. However, one may argue that profit of MFIs can attract more
investment in MFIs and allow more rapid outreach of MFIs to the poor with the
capital to expand their operations.

Fig. 5.1 Interest income as percentage of gross loan portfolio for 2011
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Taxes have very little effect on interest burden on MFIs. Taxes as percentage of
income from loan for MFIs have medians of 4.47 % in Cambodia, 0.00 % in
Vietnam and 2.99 % in Indonesia.

Fig. 5.2 a Costs of funds of MFIs as percentage of income from loan for 2011. b Loan loss costs
of MFIs as percentage of income from loan for 2011. c Operating expenses of MFIs as percentage
of income from loan for 2011. d Profit of MFIs as percentage of income from loan for 2011.
e Taxes of MFIs as percentage of income from loan for 2011
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In summary, to lower the interest burden of MFIs, efforts should be focus on
lowering the cost of funds, lowering the operating cost and lowering the capital
required for business expansion for MFIs.

5.3 Mobile Technologies Innovations

5.3.1 Mobile Technologies for Microfinance

Innovations can bring significant changes in the ways people participate in banking
services. In the past decade, the use of mobile phones to provide financial services
across developing countries has been one of the most remarkable technology sto-
ries. The International Telecommunications Union (ITU) reported that global
mobile phone subscriptions have accelerated from 2.2 billion in 2005 to over 5
billion in 2011 reaching 86 % of the total global population and 79 % of the total
developing world population. This phenomenon is set to grow to 6.8 billion by end
2013 (International Telecommunications Union (ITU) 2011). Mobile banking is
believed to be one of the important drivers to enable large scale and sustainable
microfinance for the poor (Kauffman and Riggins 2012).

Various terms have been introduced in the past for mobile banking, such as
“Mobile Phone Banking” or “Mobile Money Services” (Beshouri et al. 2010;
Donner 2008). Examples mobile banking systems include Sybase mCommerce 365
by SAP (Edgar 2009) and DELL Mobile Banking and Payments (DELL). Many
studies based on mobile phone-based banking have recently been done for devel-
oped countries with regards to accessibility for people with disabilities (Pous et al.
2012), security and trust issues (Zhou 2012), public perception and attitude (Kim
and Kang 2012). However, most of the existing banking systems supporting mobile
phone-based banking, such as Sybase mCommerce 365 by SAP (Edgar 2009),
DELL Mobile Banking and Payments (DELL) are targeted at developed countries
and therefore would incur additional overheads on top of the existing banking
systems. By adopting these off-the-shelf solutions or developing their own, MFIs
will need to have adequate bank-office information systems. In many cases,
deploying the technical solution is time consuming and expensive. For example,
Opportunity Bank and XacBank, a microfinance bank in Mongolia, invested at least
US$100,000 to upgrade their core banking system, before developing its own m-
banking service (Kumar et al. 2010). While most people believe that mobile
technologies could be used to reach more low-income customers at a lower cost, yet
in the majority of developing countries, there is not yet a self-sustainable, low cost
mobile banking solution that micro-banks can fully leverage.
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5.3.2 New Mobile Micro-banking Systems (MMB)

To fully realize the benefit ofmobile technology forMFIs,we developed a newmobile
micro-banking model (MMB), which is (1) cashless, (2) branchless, (3) wireless, and
(4) capital-less (i.e., minimum capital requirement). MMB aims to dramatically
reduce the operating costs and capital requirement of individual MFIs. The target
users are people in resource poor environments, such as villagers in remote areas,
farmers, and unemployed who earn less than US$100 a month. The objective is to
create self-sustainable micro economy within the vicinity of their residence by pro-
viding banking services, such as loan, saving accounts, and trading.

Figure 5.3 shows the operational model and economy model of MMB. Cus-
tomers (farmers and house wives) receive loans (credits) from mobile operators
who visit the customers to collect personal details, such as national IDs and
addresses. Customers then use the credits to buy supplies for their small businesses
and sell their products to other customers. All the transactions are done using
mobile phones; no cash is involved at any stages. The core banking systems run-
ning on Android tablets (A and B in Fig. 5.3) automatically clear the transactions.
The loans and credits are covered by the micro-insurance company who pools the

Fig. 5.3 System diagram of cashless, branchless and wireless mobile phone-based banking
model. The system shows a core banking system, called MicroBanq, running on android based
tablets. Bank tellers now operate on mobile offices, such as motor bikes. The insurance company
pulls the risks to reduce the overall credit risk through diversification, providing low lending
interest rates
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risks and distribute the risks by means of insurance premiums. Technical efficiency
and usability of MMB mobile banking systems have been validated (Song and
Vong 2013). The total cost of ownership of the banking system could go as low as
US$100. The system would be able to support about 2,000 transactions per day
(assuming 10 s per transaction limited by the current SMS services).

5.4 Financial Market Innovations

5.4.1 Financial Market Innovations for Microfinance

In addition to the technological innovations, financial market innovations have
important influence to MFIs interest burden. Two existing financial market inno-
vations: (1) group lending and (2) focus lending to women are used to lower
operating cost and mitigate risk in this market (Yunus 1999). These are evidence in
the lower loan loss cost in most MFIs. Group lending relies on group pressure to
encourage financial responsibilities of borrowers to reduce risk. Group lending also
lower the operating cost of MFIs with credit officers visit and collect small weekly
repayment from the group as a whole instead of from each individual. Focus
lending to women not only empower women in developing countries but also
results in a lower likelihood that the money will be used for non-productive pur-
poses, hence a higher repayment rate (Garikipati 2008).

5.4.2 Micro-insurance for Microfinance

In the MMB banking model, a micro-insurance company is introduced as financial
market innovation for MFIs to pool and distribute the risks for MFIs. We now show
the impacts of micro-insurance company on interest rate of MFIs.

The loan interest rate Rc of a commercial bank is determined by the operating
cost opc, the risk free interest rate rf, and other risk premiums, such as credit risk,
market risk rm, liquidity risk rl, and operating risk (Fraser et al. 1995). For sim-
plicity, let us define the loan interest rate Rc of a commercial bank as follows:

Rc ¼ rf þ rm þ rl þ opc ð5:2Þ

The transaction cost (TrxCost) for a micro-bank (e.g., a microfinance institute)
is:

TrxCost ¼ SC � SN ð5:3Þ

where SC is the cost of sending one SMS message and SN is the number of SMS
messages that are sent to complete one transaction. SN for our protocol is 2 and SC
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is usually less than US$0.01 in developing countries like Indonesia. Therefore,
TrxCost = US$0.02.

The loan interest rate (Rmfi) of a MMBMFI is determined by the risk free interest
rate, operation costs shared by customers, and the insurance premium:

Rmfi ¼ rf þ opmfi=N þ ip Lð Þ ð5:4Þ

where rf is the annual risk free rate, opmfi is the operating cost per year, N is the
number of loans (customers), and ip(L) is the micro-insurance premium for loan
amount L. The operating cost, opmfi, of a MFI comprises of the costs of mobile
operators, who visit micro-entrepreneurs and farmers to collect personal details, the
banking system costs, and human resource costs for managing the micro-bank:

opmfi ¼ mop� VN þ cb=5 þ hr ð5:5Þ

where mop is the mobile operator cost per visit and VN is the number of visits by
the mobile operator, cb is the core-banking system cost for 5 years and hr is the
human resource cost. A micro–bank with around 15,000 customers requires one
IT engineer and three managers (e.g., Dian Mandiri Foundation in Indonesia). It
would cost about US$1,000 per an employee in Indonesia: hr = $4,000. Dian
Mandiri handles about 2,000 transactions a day. Therefore, cb is US$200 and
cb/5 = 200/5 = $40.

Now, let us suppose that the micro-insurance company has enough customers
(around 10 million), then ip(L) will be as low as 1 %. This means that if N is
sufficiently large (e.g., 15,000), Rmfi converges to rf + 1 %, which is the theoretical
minimum interest rate of MMB micro-banking. That is, Rmfi is determined by the
risk free rate of the macro-economy and the micro-insurance premium, not by the
operating costs, credit, liquidity, and market risks.

Rmfi ¼ rf þ 1% ¼ Rc � rm þ rlð Þ½ � þ ip Lð Þ ð5:6Þ

This is possible due to two reasons: (1) low operating cost per customer and
(2) not-for-profit operations of microfinance (e.g., microfinance institutions cannot
and do not lend money to corporations for profit). Figure 5.4 shows that the
minimum number of loans that are required to self-sustainable a micro-bank.

5.5 Design and Implementation of the Mobile
Banking System

The mobile banking system shown in Fig. 5.3 was developed based on the new
micro-banking model and evaluated on an artificial village for its usability.

The mobile banking system defines and exports its services through Microbank
Service Definition Language (MSDL), which is a subset of Web Service Definition
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Language (WSDL), to allow interoperability between various systems over heter-
ogeneous mobile devices, cell-phone networks, and Internet services. MSDL
includes Short Message Service (SMS) binding to allow services to be discovered
and utilized over SMS. To ensure that the services are usable by 2.2 billion people,
the core-banking system implements a Well-Behaved Service Interface (WBSI)
based on human emotion models (Song and Governatori 2006; Song and Vong
2013).

The Well-Behaved Banking Service Interfaces conforms to the above descrip-
tions well-behaved-interfaces. Figure 5.5 shows the state flow diagram for the well-
behaved-interfaces for a directive one-way operation, op. In the figure, upon
receiving a directive operation, the service must respond within a certain response
time rtg with one of the following messages:

1. A confirming message, confirmg, or
2. A disconfirming message, disconfirmg, or
3. A delay message, delayg(d), or
4. An acknowledgement message, ackg.

Fig. 5.4 The loan interest rate Rmfi of MB4ME microfinance is much lower than the loan interest
rate Rc of commercial banks and converges to the minimum rate much faster: Nmfi. ≈ 10,000 << Nc

Fig. 5.5 Well behaved banking-service interface state flow diagrams for a directive one-way
operation (e.g., SellItem). It is assumed that the response time, rt, is smaller (earlier) than the goal
achievement time, gt: rt << gt. For SMS binding, rt is about 4 s
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If the response is either confirmg or disconfirmg, the communication ends. But, if
the response is delayg(d) or ackg, the user is expecting one of the above messages
(except ackg) again within a certain goal achievement time, gtg. If the following
response is delayg(d), this time the user is expecting one of the above messages
(except ackg) within the delay time d.

In order to develop a banking system for microfinance, the following main
design goals were set focusing on coverage, cost, and usability:

• The system should be usable by any region with 2G cell phone networks, as 3G
services are currently limited to metropolitan areas. This will ensure that we can
cover 79 % of the total developing world population.

• The banking system must be affordable for most developing countries, such as
Bangladesh.

• The services should be usable (effective, efficient, easy to learn, helpful and
convenient) for any mobile phone users.

The whole microfinance system must be easily operable by anyone, including
mobile branches (e.g., mobile operators on motorbikes. The villagers, merchants (or
sellers), and microfinance bank officers should be able to perform the banking
services (e.g., account creation, balance checking, lending, and money transfers)
using any 2G mobiles phone capable of Short Message Service (SMS). For this, we
have decided to implement the whole core-banking server on a smart phone, which
can automatically process SMS messages to provide banking services over SMS.
The server then can be powered by batteries and carried on motorbikes by mobile
bankers. The villagers, merchants, and microfinance bank officers can use the
banking service by using any 2G mobiles phones capable of Short Messaging
Service (SMS).

Let us assume that the mobile banking system comprises two types of devices:
mobile bank servers operating on mobile devices capable of running a program for
processing electronic messages as well as sending and receiving electronic mes-
sages (e.g., SMS) and mobile stations (e.g., customers and mobile operators) that
can send and receive SMS messages. With this assumption, we describe a banking
system having only one mobile bank server using SMS for communication.
Bankers, buyers, or sellers use the mobile stations. In this setting, we also assume
that bankers operate the mobile bank server to manage accounts of all participants.
This simple setting can provide the following basic trading services:

• Bankers can create accounts for buyers and sellers.
• Bankers can provide bank loans to buyers (lending service).
• Sellers can sell goods to buyers and receive credits on their accounts.
• Buyers can buy goods from sellers and credits can be deducted from their

accounts.
• Buyers and sellers can enquire about their credit balances.

To ensure the security of the banking system, it uses one-time passcode for
verification of buyer and sender identities. The face-to-face transaction takes place
as follows:

5.5 Design and Implementation of the Mobile Banking System 65



1. The seller requests the phone number of the buyer and sends a credit request
message to the mobile banking server.

2. The bank server sends a one-time passcode to the buyer.
3. The seller sends the one-time passcode to the bank to verify the passcode before

handing over the items.

We should however note that the typical transaction amount of micro-entre-
preneurs is very small, usually in few dollars or less. Therefore, the additional
verification step (3) could hinder the daily business for busy markets. As credit
fraud risk can be diversified when there are many customers and the risks can be
absorbed by insurance company, an alternative was proposed considering this:

1. The seller requests for the phone number of the buyer and sends a credit request
message to the mobile banking server.

2. The bank server then sends a one-time passcode to both the seller and buyer.
3. The seller visually verifies the passcode of the buyer with his passcode before

handing over the items.
4. To cancel the transaction, the buyer can send a refute message to the bank

server. The bank server then holds the transaction amount is in an escrow
account, which can be resolved via a mobile teller or the seller’s agreement.

The step (4) discourages both seller and buyers from doing any fraudulent
transactions as no one will benefit from inappropriate behaviours. To evaluate the
security risk of the proposed transaction protocol, a review of credit card transaction
protocols was conducted. We found that the proposed protocol is similar to typical
credit card transactions that only merchants send messages to banks for authori-
zation. The security and trust measures of credit card (e.g., the 24 h grace period in
the event of stolen or lost cards) can be provided to the insurance company for our
mobile banking system to provide the same or better level of service quality,
security, and trust.

The credit card transaction protocol was implemented using a stateless rule-based
decision tree. Figure 5.6 illustrates a transaction. Figure 5.7 shows an overview of the
mobile phone-based trading system that was used in our trial. The flow describes how
account creation, lending, and buying/selling banking activities are handled using a

Fig. 5.6 A buyer-seller transaction. The whole transaction completes within 13 s
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stateless algorithm. The server operates in a stateless mode except for the account
balances: an incoming message is processed only based on account numbers, roles,
and available credits. Therefore, the system is highly reliable. When the server
receives an SMS message, it checks if the sender exists in the account table using the
sender’s mobile phone number and the sender’s role. Based on the role, the server
processes the message content to create an account or to credit or deduct a certain
amount to/from the buyer or seller’s account. Confirmation messages are also sent to
the participants of the transactions. The participants will decide to trade physical
goods according to the instructions sent by the bank server. Therefore, the trading
system depends on the reliability of SMS messages. If SMS messages fail to be
delivered within the response time, rt, the server must retry and inform system
administrator to contact the participants. However, this would happen very rarely;
therefore, its impact on the usability would be minimal.

The mobile bank server was tested on various Android phones (SAMSUNG
Galaxy Note, SAMSUNG Galaxy Tab 8.9, and HTC Desire). Google Android SDK
was used on Eclipse IDE using JAVA programming language with the target
Android OS version 2.2. The users were able to receive authentication responses
from the mobile bank server within 10 s. This delay would be the factor in influ-
encing the service usability and it is dependable on the cell-phone infrastructure.
This study strongly suggests that it is feasible to provide an affordable banking
system for microfinance by utilizing only 2G cell phone networks. This is signif-
icant since the current availability of 3G networks is limited in many of the
developing countries. The total cost of ownership of the banking system could go as
low as US$100. The system would be able to support about 2,000 transactions
(assuming 10 s per transaction limited by the current SMS services).

Fig. 5.7 The figure shows a seller sending an SMS message to the mobile bank server for a
transaction. The server then sends authorization codes to the two parties (the buyer and seller) to
complete the transaction
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According to this study, the average users would feel comfortable using mobile
phone-based transactions, thereby lessening doubts about whether villagers would
use such a system. The mobile banking server was able to support the credit-card-
like transaction protocols ensuring that users would experience the same level of
security, trust, and service quality of credit card services. In comparison with a
mobile money service called WING Money launched in Cambodia in 2008, (WING
2009), the protocol is much simpler, eliminating the need for a money agent. The
main reason is because the mobile banking system can support not only lending, but
also merchant transactions, thereby creating a cashless transactions environment.

5.6 Conclusion

In this study, we showed that among all costs incurred by MFIs, operating cost is the
most important determinant of interest burden in Cambodia, Vietnam and Indonesia.
We believe the same also apply to most MFIs globally. In order to lower the interest
burden of MFIs, we believe that a new banking model that integrates mobile tech-
nologies and financial market innovations is required. We illustrate a possible new
banking model, Micro-banking model, which uses mobile technologies to consid-
erably lower operating cost of MFIs and increase the reach of MFIs to the poor with
lower capital requirements. The integration of a micro-insurance company to the
Micro-banking model will allow the pooling and distributing of risks to prevent MFIs
from being overly risk averse in their selection of borrows. Therefore, the pro-
posed Micro-banking model can help to lower interest burden, and hopefully,
improve the depth and breadth of outreach of MFIs, and providing a higher access of
microcredit for the poor with an interest rate close to the risk free interest rate.
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Chapter 6
Mobile Core Banking Server

Abstract Banking is essential to modern economies, yet nearly half of the world’s
people are unbanked and underserved by banks. This is mainly due to the high
operating costs of banks that are passed on to retail customers, driving away cus-
tomers who are not able to afford the high service costs. Without having access to
the financial system the unbanked and rural poor have little means to engage in
mainstream economic activities. In this chapter, we present a low-cost mobile
phone-based core-banking system. This system was designed to provide retail
banking services to the world’s unbanked population and rural poor of 2.2 billion
based on a cashless banking system that reduces operating cost and lending risks
and therefore lower the current exorbitant rates charged on retail lending and micro-
credit. Our analysis and evaluation shows that the mobile core-banking system on a
low-cost mobile device (an Android tablet) is able to serve over 15,000 micro-
banking customers. The system is therefore suitable for retail banks or microfinance
institutions.

Keywords Mobile banking � Rural finance � Retail banking � Cashless payments �
SMS banking � Financial inclusion

6.1 Introduction

A core banking system is a banking transaction processing system that has been
extensively used by retail banks to improve efficiency and reliability of daily
transactions, allowing banks to provide more products and services than before.
Core banking systems also allow banks to link multiple branches using telecom-
munication networks to serve more customers than before. When cash is with-
drawn from a bank account at an ATM machine or an item is purchased at a local
grocery store, the core banking system validates the customer identity, authorizes
access to the account, processes the transactions, and records the transaction details
systematically to ensure that every process in the transaction is taken into account.
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Consequently, core banking has now become synonymous with modern retail
banking in the financial industry. That is, core banking system is essential to a
modern economy. However, not everyone could afford products and services
offered by banks. In fact, 56 % of the world’s total population is still unbanked
(Chaia et al. 2010). The main reasons for this phenomenon are the high cost of core
banking systems and operating costs (e.g., credit underwriting and transaction).
Table 6.1 shows that an entry level core-banking system can easily cost over a
million US dollars. In addition, banks must also pay customization and imple-
mentation fees that often dwarf the system license cost. The complexity of these
core banking systems also demands daily maintenance by highly skilled IT
professionals.

The high cost is invariably passed on to customers through transaction fees and
high lending rates. A third of the unbanked population, approximately 800 million
people, lives in Asia. These people, who are in the lowest income category (i.e.,
living on under $5/day), simply cannot afford the high bank charges. It is only
natural to ask why banks currently cannot provide banking services to everyone.
The fundamental problem is that the current banking systems, policies, and oper-
ations are designed for the top of economic pyramid that is the wealthy mass market
and the high net-worth individuals. For instance, small firms are significantly dis-
advantaged in financing business investment (e.g., due to ‘lending bias’) in many
developing countries (Berger and Udell 1995; Chow and Fung 2000). Therefore, a
new approach is required.

In the last decades, various solutions have been suggested, such as solidarity
lending and village banking, pioneered by Grameen Bank (Yunus 1999) in Ban-
gladesh that delivered basic banking services for the poor. Their new banking
model lowered the operating costs but increased the risk of lending, and thereby
increasing lending rates. These approaches attempt to bridge the gap between the
two incompatible partners: the unbanked population usually the rural poor and
banks that are designed to serve the wealthy. However, most micro finance insti-
tutions (MFIs) operate based on manual processes that involve posting transactions
from one accounting ledger to another with human hands. The processes are not
easily scalable and are susceptible to fraud and other accounting irregularities.

Our solution, called MicroBanq, is developed to fully utilize the extensive
penetration of cell phone networks and 2G devices. Currently, the global mobile
phone subscriptions have reached over 87 % of the global population and 79 % of

Table 6.1 Cost of core banking system

Cost items Cost US dollars

Core system license fee $1,200,000

Customization $700,000

Other software license fees (please give details) $800,000

Implementation cost $1,000,000

Maintenance/yearly 22 % of license fee

Source IBS Intelligence (2012)
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developing world’s population (International telecommunications union (ITU)
2011). It now covers the world’s most unbanked regions. This suggests that mobile
phone-based banking systems could be the ideal solution for providing banking
services to those regions. MicroBanq system is mobile phone-based, cashless,
branchless and wireless retail banking system. It differs from the existing other core
banking systems that provide mobile phone-based banking as an additional service
(whether it is “mobile phone banking” or “mobile money services” (Beshouri et al.
2010; Donner 2008)), such as Sybase mCommerce 365 by SAP (Edgar 2009), and
DELL (2012). As these existing systems are targeted at developed banking sectors,
their core banking systems are not only expensive for banks in emerging economies
but would also incur high associated transaction cost.

MicroBanq is a new mobile phone-based core banking system. The system was
developed based on a new banking model shown in Fig. 6.1. In the following
sections, we describe the details of system architecture and evaluation of a prototype
including more detailed motivations and backgrounds of rural banking. A prototype
cashless payment of the MicroBanq system was installed on an Android tablet and
trialed in a “small and artificial village” comprising five mobile bank operators, five
merchants (sellers), seven companies and 130 buyers. The participants performed

Fig. 6.1 System diagram of cashless, branchless and wireless mobile phone-based banking
model. The system shows a core banking system, called MicroBanq, running on Android based
tablets. Bank tellers now operate on mobile offices, such as motor bikes. The insurance company
pools the risks to reduce the overall credit risk through diversification, providing low lending
interest rates
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804 transactions and sent 2,412 short message service (SMS) messages over a three
hour period. The results show that the payment system on a low-cost Android device
is able to serve over 15,000 micro-entrepreneurs, making it large enough for most
micro-banking and microfinance institutions. Section 6.6 reports on these perfor-
mance results, as well as usability and user experience survey results.

6.2 Background and Motivation

6.2.1 Rural Finance

World Bank (1999) defines microenterprise as “informal sector business with five
workers or less, and fixed assets valued at less than US$10,000”. This definition is
similar to that used by USAID (Blayney and Otero 1985) and others (Ayyagari
et al. 2007). Provision of financial services in rural area always poses challenge for
banks operating in the developing economy {World Bank, #129}. In developing
countries, the majority of micro-entrepreneurs is self-employed or hires employees
without salaries, while hoping for paid employment (Tokman 2007). For instance, a
third of the non-agricultural labour sector is operated by the self-employed. Simi-
larly, a half of the informal sector is operated by self-employed (De Mel et al.
2010). The main three reasons for micro-entrepreneurs being in informal sectors are
lack of access to credit, inability to obtain approval for a business license, or being
prevented from starting a business (De Soto 1989). The movement by Grameen
Bank (Yunus 1999) in Bangladesh inspired rural finance efforts world-wide to help
these micro-entrepreneurs. Recently due to the availability of the internet and
telecommunication services, electronic money has been proposed as possible
solutions for empowering the poor. A study done in rural Cambodia (Vong et al.
2012) showed that the financial access to electronic money has changed and
improved livelihoods of rural Cambodia.

6.2.2 Mobile Banking

Various terms have been used for mobile banking, such as “mobile phone banking”
and “mobile money services” (Beshouri et al. 2010; Donner 2008). Examples of
mobile banking systems include Sybase mCommerce 365 by SAP (Edgar 2009)
and DELL Mobile Banking and Payments (DELL). In developed countries, much
research has been conducted recently into development of mobile phone-based
banking accessible to people with disabilities (Pous et al. 2012) and security and
trust issues (Zhou 2012) as well as public perceptions of and attitude toward such
systems (Kim and Kang 2012).
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6.2.3 Unbanked Population

A report commissioned by World Bank Group/World Resources Institute estimated
that about 80 % of the world’s population (4 billion people) still have annual
incomes below the equivalent of US$3,000 in local purchasing power (Hammond
et al. 2007). The ITU reported that global mobile phone subscriptions accelerated
from 2.2 billion in 2005 to over 5 billion in 2010, reaching 87 % of the total global
population and 79 % of the total developing world population (see Fig. 6.2). This
penetration was set to grow to 6 billion by end 2011 (International Telecommu-
nications Union (ITU) 2011). Chaia et al. (2010), CGAP (2010) and Ardic et al.
(2011) suggested that by end 2009, there would be an estimated 2.75 billion people
out of 5 billion people (that is, 56 % of global adult population) without access to
formal financial services for saving, borrowing, or transacting.

Very recently, the mobile phone has been widely used as a channel for providing
retail banking, microbanking and microfinance services, hence the terms “mobile
phone banking” and “mobile money services”. Furthermore, the use of mobile
phones to provide financial services across developing countries has been one of the
most remarkable technology stories in the past decade. By end 2009, more than 120
mobile money projects were deployed in 70 emerging countries (Beshouri et al.
2010). This phenomenon has since been given impetus by a range of terminologies
such as mobile banking (m-banking), mobile payments (m-payments), mobile
transfers (m-transfers), and mobile finance (m-finance) (Donner 2008).

6.3 MicroBanq System Architecture

In this section, we describe MicroBanq system architecture in detail. MicroBanq is
a mobile phone-based core banking system, specifically designed to lower the cost
of ownership for MFIs. The latest MicroBanq system currently costs under US
$500, which includes an Android based tablet specifically configured for the core

Fig. 6.2 Number Of global
mobile phone subscriptions.
Source ITU World
Telecommunication/ICT
Indicators Database (2011)
(http://www.itu.int/ITU-D/ict/
statistics/index.html)
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banking system. MicroBanq system also includes MicroGuard, which is a set of
information security policies, standards, practices and procedures to ensure avail-
ability, consistency, and integrity of the core banking system. The information
security standard is based on the recommendations of National Institute of Stan-
dards and Technology (NIST) and Information Security Forum (ISF).

MicroBanq is available from IdeasBanq Singapore or partners. IdeasBanq also
provides customization, implementation, and maintenance services at low cost. The
overall system architecture is shown in Fig. 6.3. As you can see from the figure,
MicroBanq uses two-factor authentication used by other modern core-banking
systems: PIN and SMS. This architecture is based on the mobile core banking
system model shown in Fig. 6.1. MicroBanq system has been extensively tested and
studied by various researchers in the past (Song and Vong 2013a, b; Song et al.
2014; Lui et al. 2013).

A typical MFI has one manager who understands the overall operation, policies,
standards and practices to follow that meets the regulations and ethical and cultural
requirements of the local community. The manager is in charge of training and
educating all employees of the policies to meet the obligation of the organization:
due care and due diligence. Therefore, the manager has the highest authority and
governs ownership, access, and control of all information assets of the organization.
A typical MFI also has one or two IT support personals for day to day maintenance
of office computers. An MFI would also have a dedicated cashier or customer
service officer (CSO) depending on the workload. Figure 6.3 illustrates how an MFI
can utilize a mobile phone-based core banking system. The core banking system

Fig. 6.3 An overview of MicroBanq system. Customers and MCSO access MicroBanq server via
SMS. CSO and Bank manager access the server using a client software running on a computer or a
mobile phone over HTTP protocol within the internal network of the MFI
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(MicroBanq) is installed on an Android tablet. The bank manager may directly
access the system by interacting with the tablet or through a personal computer (PC)
via their internal network. CSOs can access the core banking server only using a PC
via their internal network. A system administrator is responsible for maintaining the
internal networking, internet connections, and information security incident dis-
covery, response, and recovery according to the recommendations of MicroGuard.

Customers access their accounts conveniently using their mobile phones any-
where anytime. Mobile customer service officers (MCSOs) visit customers living in
hard to reach rural areas to collect basic identity information of customers, accept
cash deposits. The basic idea behind the mobile banking model (Fig. 6.1) and
MicroBanq architecture (Fig. 6.3) is that, by eliminating cash, providing mobility of
services to cover hard to reach areas through 2G networks, we can greatly reduce
the associated risk, resulting and reduce cost. This can be passed to the customers as
lower loan interest rates and lower service charges. Chapter 5 analysed the cost
model in detail and further elaborated why this is possible.

Figure 6.4 illustrates the interactions between actors (CSO, MCSO, Cashier,
Manager, fund line, Customers, and MicroBank server) and message types (SMS,
voice, HTTP, and physical cash). The main system design revolves around the
interaction diagram and the accounting components shown in Fig. 6.5. For brevity,
Fig. 6.5 shows only savaging account and loan account components. However,
MicroBanq can be configured to include many other financial products in modular
approach. In addition, it comes with the following built-in modules: accounting
(e.g., purchase orders handling and taxation), payroll, and customer management,
and daily cash balance and transaction reports.

Access to information assets are tightly controlled based on MicroGuard to
safeguard the assets and to ensure business continuity when security incidents are
identified. Table 6.2 shows sample access control configuration for information
assets of MicroBanq system.

Fig. 6.4 MicroBanq system interaction diagram shows the interactions of different components of
the mobile core-banking server: customer, CSO, MCSO, bank manager, cashier, cash safe, and
fund line
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To work in a secure environment the MB needs to define a role for each user.
Each user is tied to a role and its permissions scheme (that defines all its accesses
and privileges). In the proposed system the users are: Manager (BM), Cashier (CH),
MCSO, CSO and Customer (CT). Customers are further classified into Buyer (BR),
Seller (SR), and Corporations (CP).

6.4 Usage Scenarios of MicroBanq System

In this section, we illustrate how MicroBanq system is used by MFIs using various
scenarios.

6.4.1 Scenario S1: Creating Saving Account
Through MCSOs

A customer (e.g., a farmer, a merchant, an employer), who does not have a bank
account or have a bank account somewhere else, wants to know about the financial
services provided by the MicroBanq MFI. The customer calls a CSO using his
mobile phone to enquire about the services and benefits of Savings Account (SA)
product. After the consultation, the CSO sends the details of the customer’s enquiry
to the server for record keeping.

Fig. 6.5 Overview of the accounting components of the mobile MFI

78 6 Mobile Core Banking Server



Table 6.2 Users, roles and access levels

Information
assets

Description of action Access

Employee records Add/delete/update new employ details BM

Access levels Update the access levels of employees BM

Savings account
products

Updating the default values related to saving
accounts

BM

Fund lines Adding/updating a new funding source BM

Installment pay-
ments for fund
line

Paying installment to the funding source BM

Savings accounts Create a savings account for customer BM, CH, MCSO

Loan accounts Create a savings account for customer BM, CH, MCSO

Last event of an
agent

Cancel the latest event (repayment, disbursement,
reschedule, all types of events)

BM

Manual interest
rate

User is able to enable manual calculation of
interests when repaying a loan

BM, CH, MCSO

Manual fees
calculation

User is able to enable manual calculation of fees
(commissions and late fees) when repaying a loan

BM, CH, MCSO

Close and
withdraw

User is able to close and withdraw remaining
balance from a savings account

BM, CH, MCSO

Close and transfer User is able to close and transfer remaining balance
from a savings account

BM, CH, MCSO

Transfers
between accounts

User is able to perform a transfer from one savings
account to another

BM, CH, MCSO,
CSO

Withdraw User is able to withdraw from a savings account BM, CH, MCSO,
CSO

Deposit User is able to perform a deposit on savings
account

BM, CH, MCSO,
CSO

Buy/sell User is able to perform buy/sell operation BM, CH, MCSO,
CSO, customer

Bills User is able to pay a bill to other organization BM, CH, MCSO,
CSO

Installment
payments

User is able to pay installment on loan account ALL

Customer
information

User is able to create customer information BM, CH, MCSO,
CSO

View customer
information

User is able to view customer information ALL

Update customer
information

User is able to update customer information BM, CH, MCSO

View G/L entry User can view general ledger entry BM, CH, MCSO

Enter G/L entry User can enter new general ledger entry BM

View report on
cash flow

User can view the daily cash flow BM, CH, MCSO

View balance
sheet

User can view the daily balance sheet BM, CH, MCSO
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The customer, after enquiring about the product, requests the CSO to open an
account for the SA product. The CSO then send the phone number of the customer
to a MCSO via SMS.

The MCSO then arranges a schedule with the customer and meets with the
customer. MCSO collects customer information (CI) for SA (e.g., name, address,
national ID, certificate from the head of the village). MCSO verifies the information
and sends a basic customer information (BCI) comprising of those details and an
initial deposit amount to the server. The server then notifies the customer of the
account details and current balance of the account via SMS.

MCSO later returns to the MFI and deposits the initial deposit amount he has
collected from the customer at CSO.

6.4.2 Scenario S2: Creating Saving Account Through
Customer Service Officers at MB

In this scenario, the customer visits the MicroBanq MFI to obtain information about
the SA product from a CSO and request to open an account for the product. The
customer can deposit an initial deposit amount at CSO. The CSO collects the Basic
Customer Information (BCI) and creates a savings account. The server notifies the
customer of the details of the new account via SMS.

6.4.3 Scenario S3: Saving Account Cash Deposit
Through MCSO

A customer calls CSO and state that he wishes to deposit some cash. The CSO
sends an SMS message to MCSOs. An MCSO, who is near the customer, responses
to the job. The MCSO then visits the customer and receives the cash from the
customer. MCSO notifies the server the information (customer account and the
deposit amount) of the deposit via SMS. Server informs customer the updated
balance. MCSO later deposits the collected cash at a cashier. The cashier informs
server. The server updates the balance of MCSO.

6.4.4 Scenario S4: Saving Account Withdrawal
Through MCSO

A customer wants to withdraw some cash. The customer goes to a CSO and
requests for a withdrawal of a certain amount of cash. CSO issue a withdrawal
request to the server specifying the amount. The server verifies whether the
requested amount is available or not. If available, the server sends a random
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verification code to both the customer and the CSO. The CSO then matches the
verification code, gives the requested amount of cash to the customer, and send a
notification to the server. The server informs the updated balance to the customer.

6.4.5 Scenario L1: Provide Loan Information

A customer wants to take a loan from the MicroBanq MFI for some purpose (e.g.,
to buy fertilizer).

The customer first calls the CSO to gather information about taking a loan,
interest rates, and documents required. The CSO requests the server to send the loan
information to the customer for loaning a certain amount for a certain number of
days. The server calculates interest rates and sends information on the loan interest
rates, eligibility criteria, loan options, and payment options via SMS.

6.4.6 Scenario L2: Loan Application Through MCSO

An MCSO visits a customer who wants to loan a certain amount for a certain
number of days. The MCSO receives a list of documents and information that need
to be collected and verified. MCSO collects the documents and information of the
customer and sends them to the server. The server calculates credit rating and
interest rates based on the credit ratings of the customer. The server sends this
information to the MCSO.

The customer agrees to the terms and signs a loan application form. MCSO
sends a request for the loan application. The server sends the new loan account
information to the MCSO and the customer via SMS. The MCSO gives the loan
amount to the customer.

6.4.7 Scenario L4: Instalment Payment By Cash
Through MCSO

This is similar to the scenario S3 (saving account cash deposit through MCSO). An
MCSO visits the customer to collect an instalment of a loan. The MCSO sends a
request (for the instalment collection information for the customer) to the server.
The server sends the amount to be collected to MCSO and the customer.

The MCSO collects the cash and sends a request for instalment payment to the
server. The server informs the balance of the loan account to the customer and the
MCSO. The MCSO deposits the collected amount at a cashier at the MicroBanq
MFI. The cashier notifies the server of the deposit by the MCSO. The server
updates the balance of the MCSO and notifies the cashier.
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6.4.8 Scenario T1: Merchant Sell

A buyer (a customer of a MicroBanq MFI) goes to a seller (another customer of the
MicroBanq MFI) to buy some items. The buyer tells his account number to the
seller.

The seller sends the buyer’s account number and price of the items to the server
via SMS. The server checks the current balance of the customer. If the balance is
greater than or equal to the requested amount, the server sends an approval message
to seller and the buyer via SMS. The seller hands in the items to the buyer. The
buyer collects the items.

6.5 Interaction Design of Mobile Core-Banking Server

As illustrated in Chap. 5, the core-banking system defines and exports its services
through microbank service definition language (MSDL), which is a subset of web
service definition language (WSDL), to allow interoperability between various
systems over heterogeneous mobile devices, cell-phone networks, and internet
services. MSDL includes SMS binding to allow services to be discovered and
utilized over SMS. well-behaved service interface (WBSI) based on human emotion
models is implemented to allow usability of the services by 2.2 billion people (Song
and Vong 2013a; Song and Governatori 2006). To ensure the security of the
banking system, it uses one-time passcode to verify buyer and sender identities.
More detailed description of the interaction design is described in Sect. 5.5.

6.6 Evaluation of the Mobile Banking Server

The mobile banking system shown in Figs. 6.1, 6.3, and 6.4 was implemented on an
Android tablet and evaluated on an artificial village comprising of five mobile bank
operators, five merchants (sellers), seven companies and 130 buyers. The buyers
were fresh high-school graduates and most of them have never used mobile banking
services. The participants performed 804 transactions and sent 2,412 SMS mes-
sages over a three hour period as shown in Fig. 6.6. At around 11am (shown as
“1090” in the figure), the buyers arrived to the village and the bankers created
accounts for the buyers for the first time. From 12pm, the buyers were then par-
ticipated in activities organized by the seven companies to earn credits and use the
earned credits to purchase items from sellers. After the trial, the participants were
asked to complete a questionnaire to evaluate perceived usefulness, easy-of-use,
and safety.

Figure 6.7 shows the survey results. Except question 2, all responses were
statistically significant (p < 0.01) indicating that the mobile banking system is
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Fig. 6.6 Each bar represents the number of transactions in 10 min intervals. It shows that the
server could easily handle over 75 transactions per 10 min (7.5 transactions per minute). Each
transaction consists of three SMS messages

Fig. 6.7 The answers were based on 5 point Likert scale: 1 Strongly disagree, 2 Disagree, 3
Neutral, 4 Agree, 5 Strongly agree. Survey questions: Q1 The mobile trading system is easy to use.
Q2 I think that I would need the help of other people to be able to use this mobile. Q3 The steps
required to perform mobile trading were easy to follow. Q4 I was able learn to use this system very
quickly. Q5 Most people would learn to use this system very quickly. Q6 I am confident that I
would remember how to use the system again. Q7 I would like to use this system again. Q8 I
would recommend this system to others
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usable. Qualitative analysis of responses to open questions suggest that some users
were still doubtful of the provided security measures indicating that we need to
provide security measure options for different risk-aversion profiles of customers.

6.7 Limitations

Although the participants in this study had never used mobile phone-based banking
services nor had any knowledge of the new banking service being tested, this study
reflects the perceptions of high school graduates in a highly wired and connected
urban city area, Singapore.

Trust and security have been a focus in studies of adoption rates of mobile
phone-based banking (Kim and Kang 2012). On the open-ended question, a few
participants raised this issue, suggesting better security measures; however, this was
not a major concern for most participants. This could be due to the similarity of the
transaction protocol to that of credit cards, participants’ exposure to credit card
system, or the perfection of credit card transaction protocol. Further study is
required on this behaviour.

One critical limitation of 2G based mobile banking is the usability of 2G mobile
phones. 2G mobile phones have numeric keypads laid out in a 4 × 3 grid for both
dialling and messaging. Enquiring for a balance would not be a problem for normal
users as they could just send any message for a balance statement, but in order to
transfer money to someone, users would need to enter counterpart account details
and verification codes. Bankers and merchants who use the system daily would not
experience particular difficulty, but we expect that ordinary users would experience
usability issues, such as not being able to enter messages easily and having to learn
the message formats.

Additionally, it could be argued that the proposed banking system lacks security
measures. However, in response, we could ask what security measure credit cards
currently have. Currently, many bank card and credit card companies including
DBS (Singapore’s largest bank) use mobile phones to increase security (e.g., by
sending transaction notifications or requesting verification codes). These institu-
tions seem to believe that SMS notifications increase security. That said, methods
for preventing the use of stolen mobile phones for transactions present an important
future topic in research on mobile phone-based banking or mobile phone assisted
banking.
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Health



Chapter 7
Automated Health Care Services

Abstract In this chapter we would like to share new emerging technologies that
are changing the way we access medical care. Despite the rural development and
modernization of the way of life, the cost burden of medical care and access to
medical care has become a central concern for both developed and underdeveloped
countries. The number of people admitted to hospitals and medical expenditures
have doubled over the past 10 years. Since the invention of radio, television, and
computer, various attempts such as telemedicine have been made for improving
access to medical care. Telemedicine is still being actively developed and utilized in
developed countries, but its main purpose is to allow medical specialists to remotely
diagnose or operate on patients. However, our focus here is the other aspect of
accessibility: reducing the cost of medical care by using computerized medical
services. We can broadly categorize computerized health care services into four
categories: (1) tele-health, (2) automated diagnosis and assessment of health, (3)
online health support, and (4) health information management systems. We review
the latter three approaches: automated health care systems, highlighting the
potential power of each in solving current health care problems.

Keywords Health informatics � Online health � Health social network � eHealth �
Medical data analysis � Automated diagnosis

7.1 Introduction

We are now witnessing a paradigm shift in medical care. The conventional doctor-
patient approach to delivering medical care is no longer sustainable. In the near
future, we will no longer need to travel or visit doctors for medical diagnosis, to
receive medications or treatments. Furthermore, human doctors will gradually be
replaced by smart medical systems that will provide diagnosis, drugs and treatments
for 24/7 extended hours, helping all people equally. We call this inclusive medical

© Springer Science+Business Media Singapore 2015
J. Vong and I. Song, Emerging Technologies for Emerging Markets,
Topics in Intelligent Engineering and Informatics 11,
DOI 10.1007/978-981-287-347-7_7

89



care (IMC). We will see in this chapter some examples of smart medical systems that
have already been deployed. Inclusive medical care is also the only way towards
sustainable medical care if we believe all lives have equal value. Currently, the cost
to train a general practitioner is over US$300,000. To train a specialist, it would cost
over US$800,000 to society (Rothkrantz 2011). However, one practitioner can care
for only a handful of patients a day. Consequently, only a select few can afford to
have proper medical care under the conventional doctor-patient approach. We would
like to highlight that IMC is a completely different approach from the so-called
medical home, also referred to as patient oriented care (Collaborative P-CPC 2007)
that have been proposed in the developed world. Medical home focuses on
improving the quality of medical care for those who can afford to pay the increased
costs rather than reducing costs for those who cannot afford the costs.

The main catalyst of this paradigm shift is the rapid global penetration of mobile
network. Mobile network provides two-way point-to-point communications. More
than 90 % of the global population now owns at least one cell phone whereas fixed-
telephone subscription rate is still below 17 % (ITU World Telecommunication
2014) as shown in Fig. 7.1. In 5 years, most Africans will have cell phones (Badlani
2012). In addition, cell phones now have capability to capture high quality data for
medical diagnosis.

Big data is the next important emerging technology that can improve health care.
All those data that are captured need to be analysed in time and at low cost.
Conventional approaches of storing and managing data is not scalable to hold the
massive amount data generated. The world now produces more than 5 EB every
2 days. Kaiser, a hospital in the United States, alone has about 30 PB of data. The
amount of data produced doubles every 2 years and the pace is accelerating. Kaiser
has begun analysing some of their data only recently. Conventional relational
database management systems and grid computing technologies are not suitable for
this magnitude of data. It is not just because of the amount of the data, but also
because we need to be able to process many different types of data. Big data
processing technologies such as the Apache Hadoop are designed to store and
process heterogeneous data across clusters of computers. The key to the success of
this approach is scalability and reduced costs for processing large amount of data.

The aim of this chapter is to define what inclusive medical care is, classify current
practices that meet the criteria of inclusive medical care, and illustrate dozens of
technologies and pilot projects that can help realizing inclusive medical care.

7.2 Inclusive Medical Care (IMC)

The objective of inclusive medical care is to provide quality medical care at
affordable costs. Therefore, we will first need to define the standards for quality
medical care that is accessible to everyone. Secondly, we will need to define the
standards for affordable costs. The medical home community has been trying to
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define what are considered as medical home, a patient-centred accessible medical
care. As the standards developed for medical home is to improve accessibility of
medical care, we can borrow some of the criteria that they have developed over the
last three decades (Collaborative P-CPC 2007; AAFP et al. 2011) and refine such
that the care is affordable for everyone. Table 7.1 lists the refined categories of
activities for IMC. The standard highlights that the service should be available

Fig. 7.1 Mobile phone subscription rate in the world
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Table 7.1 Standard activities of inclusive medical care

Activities

Continuous access Offers consultation and diagnosis services over extended hours:
24/7 access to care. There is no need to make appointments

Personalized care Each access is personalized as if patients see the same personal
physician each time they access

Complete care Support the entire patient’s health care needs including care for
all stages of life; acute care, chronic care, preventive services,
and end of life care

Integrated care The medical system monitors all other care received by their
patients across all elements of the complex health care system

Best practices Use evidence-based medicine and clinical decision-support tools
for decision making

Patient feedback Solicits feedback from patients and families to meet patients’
expectations and to facilitate quality improvement

Performance measurement Use of performance measurement technologies to continuously
optimize patient care

Collaborative care Medical systems, researchers, patients, and practitioners in the
world work together to improve patients’ care

Population management The practice proactively reaches out to people with critical
information on infectious, acute, and chronic diseases to prevent
outbreaks and to make sure symptoms are under control

Patient self-management The practice teaches patients techniques to manage their
conditions on a day-to-day basis

Health IT The practice generates and exchanges electronic health infor-
mation to deliver care, measure performance, and communicate
with providers and patients

Care plans The practice strives to help patients reach goals defined in
partnership with patients and their families

Patient-centered care Care is based on a partnership among practitioners, patients, and
their families to full fill the needs and preferences of patients and
their families

Shared decision-making Patients actively participate in selecting treatment options

Cultural competency The practice ensures information is conveyed to patients in a
language and method they understand, taking cultural differences
into account

Quality measurement and
improvement

There must be an officer who is in charge of a group of patients
or a region and is held accountable for performance

Automate care Use advanced telecommunication and smart technologies to
automated diagnosis, prevention, treatment, and manage to
reduce cost

New payment systems The practice offers new options for payment (e.g., cashless
mobile payment)

Refined from Collaborative P-CPC (2007), AAFP et al. (2011)
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continuously throughout the day and night. The care should also be personalized
and care plans are managed for all stages of life. There should also be a clearly
defined responsibility of the operation and performance of the care. Importantly, the
overall care must be automated using smart technologies reducing the cost and
allowing patient to pay remotely using methods such as mobile banking.

7.3 Online Medical Knowledgebase

The internet hosts much greater knowledge than all medical practitioners in the
world could accumulate in their life time. The amount of information that is stored
and replicated in the world in 2010 is estimated to be 1.2 million petabytes (Gantz
and Reinsel 2010). A petabyte is a million gigabytes. And the pace is accelerating,
doubling every 2 years. One can now use internet search tools to access the vast
amount of data by simply entering relevant keywords, filtering, and narrowing
down documents to find relevant documents that contain vital information on
prevention, diagnosis guidelines, and treatment information.

Here is one scenario that highlights how online medical knowledgebase is
changing the world. Suppose a patient Bob suffers from a chronic skin condition.
The symptoms are shading skins and itchiness. So, Bob enters the following
keywords into a web search tool such as Google: “skin problem, shading skins,
itching, and natural remedy.” Then Bob will be presented with vast amount of
information relevant to the skin condition. Bob can use the information to diagnose
and order non-prescription medicines for treatment. But, Bob soon realizes that
there is simply too much information. Which treatments are the best, and which will
actually work for Bob?

Health Social network addresses these problems. Health social network is a
place where people share their experiences on various medical conditions, treat-
ments that worked for them, how they managed their emotional and psychological
problems, where they got supports, and how they managed their care. The internet
contains too much information that is usually created by entities with various
interests of their own. People in the world try out various products advertised by the
entities and share their stories, filtering out the vast amount of information. For
example, Bob with the skin problem could immediately find that a story of a
grandmother who used apple cider vinegar to treat her granddaughter’s chronic skin
condition with similar symptoms, how magically the commonly available apple
cider vinegar cured the age long skin condition that medical practitioners had failed
to help. Only if the medical practitioners had bothered to use the Internet, the
granddaughter would have suffered less. But the bigger problem is that the apple
cider vinegar, which can be purchased in a local supermarket at around $1 a bottle,
is not covered by medical insurance, so that it is not listed in the medical practi-
tioners’ computers.

Let us summaries what has happened here. Figure 7.2 shows that companies and
various interested parties create and publish information on various treatment
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options, drugs, herbs, supplements, trainings, and clinics on the internet. However,
that information is often not filtered and patients find it hard to relate with their own
personal conditions. This unfiltered information is mostly about diseases, symp-
toms, and general treatment options. Patients however look at their conditions in the
context of their daily lives and activities. Fortunately, people in the world filter the
vast amount of medical information and share their personal stories in the per-
spective of their daily lives and activities. Patients around world would find that
these personal stories are easier to relate with their personal medical conditions. Not
only that they can now support each other as well.

The above irony case illustrates how the world is changing and the current health
care systems are becoming costly dinosaurs, even more so now with the mobile
technology. Internet and health social network have been around for some time, a
lot of people in developed countries have been benefitted from it. With mobile
technology, developing countries can also benefit from the online knowledge tank.
Low-cost cell-phones are now equipped with sophisticated sensors: sound record-
ers, motion sensors, and digital cameras. Equipped with these sensors, instant two-
way point to point communication of cell-phones can be utilized to search and share
disease and treatment information, and support each other for better care. This will
be the future of inclusive medical care that provides personalized, continuous,
integrated, and affordable health care for everyone.

Fig. 7.2 Information filtering role of health social network
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7.4 Medical Information Websites

Many countries now have sophisticated medical information websites for patients
and their families and friends. These websites contains vast amount of information
about diseases, conditions, symptoms, drugs, and even wellness issues. Table 7.2
shows a list of websites providing medical information. Figure 7.3 shows the list of
health topics available from the MedlinePlus website, which is maintained by the
US government. Detailed information on drugs, herbs, and supplements are pro-
vided for free of charge as shown in Fig. 7.4. This website also has video tutorials
and web applications [e.g., Body Mass Index (BMI) calculator] for patients, their
families, medical practitioners, and nurses. All these information are conveniently
indexed by search engines Google, Yahoo, Bing, and Baidu.

Table 7.2 Online medical knowledgebase

Name Web address Types of Information/
Services Provided

MedlinePlus http://www.nlm.nih.gov/
medlineplus

U.S.
Government

Diseases
Drugs
Training
Tools

CDC http://www.cdc.gov U.S.
Government

Diseases
Statistics

WHO http://www.who.int Non-profit Diseases
Statistics

American Can-
cer Society

http://www.cancer.org/ Non-profit Cancer
Prevention
Support and Treatment
Research

Department of
Health and
Human
Services

http://www.hhs.gov/
http://www.mentalhealth.gov/
http://www.flu.gov/
http://www.foodsafety.gov/

U.S.
Government

Diseases
Prevention
Treatment

Other private
for-profit web
sites

http://www.drugs.com/
http://www.intelihealth.com/
http://www.webmd.com
http://www.localhealth.com

Private
organizations

Diseases
Drugs
Symptoms
Tools

NHS http://www.nhs.uk/ UK
Government

WebMd http://www.webmd.com/
http://www.medicinenet.com/
http://www.medscape.com/
http://www.emedicinehealth.
com/

Private Diseases
Drugs
Symptoms
Tools
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Fig. 7.3 List of health topics available from the MedlinePlus website. Source MedlinePlus (2010)

Fig. 7.4 Detailed information on drugs, herbs, and supplements are provided for free of charge
from MedlinePlus website. Source MedlinePlus (2014)
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7.5 Health Social Network

We have just realized that there are really a lot of places to explore to get infor-
mation on various health conditions. But, we will soon find that there are people
who are suffering from similar health problems. We will also read about their
personal experiences in dealing with those problems. These encounters would make
us feel relieved. After all, we are not alone suffering from similar health problems.
But importantly, we will find that it is easier to find the right information that we
need to deal with our health conditions. The stories are written in the context of our
daily lives without medical jargons or complex drug names. We will also find that
someone actually tried out some treatments, some worked and some didn’t work. In
addition, we will find the best solutions that really worked for people who were
suffering from similar conditions. We may also find that we can actually connect
with those people and share our stories as well.

Patients are starting to contribute knowledge back to the world, providing crucial
information on treatments that actually worked, deriving innovation in health care.
The age old doctor-to-patient centric tradition will start to disappear. There are now
many tools available for anyone to create online contents to share with people.
These tools are called social media tools. Table 7.3 shows a list of social media
tools that people can use to create online contents.

Health social network has shown great potential to improve efficiency of diag-
nosis though rich information and effectiveness through continued support using
communities. One important problem of the current use of social media and social
network is that often sensitive information contained in assessments of health
conditions cannot be shared. Another problem is finding communities or people
who can support the patients. These problems can be solved by extracting a small
number (less than 5) of keywords (plain words like “sport”) that can be used to
measure similarities of health communities (e.g., Autism parent forums) and
patients. The small number of keywords can be easily shared with friends and
families to find peers who might have similar conditions and provide support for
each other, but without revealing any sensitive information. Figure 7.5 illustrates a

Table 7.3 Social media websites

Name Web address Media types

Patientslikeme http://www.patientslikeme.com/ Online communities
Stories, discussions

Autism social
websites

http://www.talkaboutautism.org.uk
http://www.autismweb.com/forum/
http://community.autism.org.uk/

Online communities
Stories, discussions

Patient.co.uk http://www.patient.co.uk/forums Forums

Yahoo answers https://answers.yahoo.com/ Forums, question and answers

WikiHow http://www.wikihow.com/ Wiki

Webtribes http://www.webtribes.com/ Online communities
Stories, discussions
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new information sharing scheme where each patient is represented as a small
number of (possibly disjoint) d-words (discriminant words) and the d-words are
used to measure similarities between patients without revealing sensitive personal
information (Song et al. 2011; Song and Marsh 2012). The d-words are simple
words like “food”, and thus do not contain identifiable personal information. This
makes our method an effective one-way hashing of patient assessments for a
similarity measure. The d-words can be easily shared on the Internet to find peers
who might have similar health conditions.

7.6 Mobile Health

Recently we have witnessed an explosion of mobile devices and mobile applica-
tions in the developed world. Thanks to the mass production of mobile devices, the
cost of mobile devices has gone down dramatically. Therefore, low-cost cell phone-
based medical assessment and treatment technologies have started to appear. These
technologies have great potential to provide health services efficiently, timely,
conveniently, and reliably, greatly improving affordability and accessibility.
Examples includes mobile breathing sound analyser for diagnosing pneumonia,
flue, cold and bronchitis (Lei et al. 2012, 2013, 2014; Song et al. 2011, 2013; Song
and Marsh 2012) and mobile facial analysis (Song et al. 2013).

In developed countries, advanced data analysis and machine learning techniques
have been successfully used for computer aided diagnosis, treatment management,
and patient monitoring already shown significant potential as aids to medical and
health practice (Song et al. 2011). Conventionally, specialist doctors, such as
psychiatrists and general practitioners, consciously and unconsciously analyse
observable symptoms, such as the language of their patients for assessment pur-
poses using diagnostic classification systems, such as Mental Health Gap Action
Programme (mhGAP) Intervention Guide (WHO 2010), BTS guidelines for the
management of community acquired pneumonia (Lim et al. 2009), and DSM IV
(DSM-IV-TR 2000). These conventional approaches are not only time-consuming

Fig. 7.5 Finding communities who can support patients using anonymous keywords. The figure
on the right shows a result of connecting patients based on the similarity measure of the keywords.
Shaded circles are ADHD patients. Source Song and Marsh (2012)
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and costly, but also may lead to subjective decisions. Recent advancements in
automated assessment methods have led to solutions that overcome these limita-
tions (Song and Marsh 2012; Lei et al. 2014).

These advanced technologies when used with low-cost cell phones now offer
many solutions for reducing the cost of health services and increasing accessibility
(Diederich and Song 2014). The extensive penetration of mobile phones and mobile
network infrastructure allows advanced medical assessment and treatment services
to reach areas that are conventionally not accessible by health care and aid workers.
The available standardized interfaces, including text, image and sound recording
interfaces, can be leveraged to create powerful medical assessment and treatment
systems. Even low-cost cell phones are equipped with digital cameras for capturing
useful information about general wellbeing states of individuals (Song et al. 2013).
This rapid proliferation of mobile phones now enables us to collect high quality
image data conveniently at home, even by parents of children.

Figure 7.6 illustrates the use of low-cost cell-phone for diagnosing respiratory
health problems of children (Lei et al. 2013, 2014). Using basic cell phone and
current Internet infrastructure, time-location tagged children’s breathing sound data
can be collected and stored using a web server. Its temporal and geographical
patterns associated with infectious diseases can then be analysed to provide accu-
rate, non-invasive diagnostics and treatment for lower respiratory infections in
children. The clinical trial of this method showed that it is cost effective. It costs
182 times less than a General Practitioner (GP) consultation in Bangladesh (based
on the cost of a mobile phone MMS at US Cents 2.5 per diagnosis, compared to US
$4.55 for a GP. It provides rapid response: 1,800 times faster, than a General
Practitioner (GP) consultation in Bangladesh (based on the MMS/SMS response
rate of 2 min per diagnosis, compared to 3 h for a GP). The method achieved 93 %
accuracy in breathing rate detection and is 77 % precision, 71 % sensitivity, and
99.5 % negative prediction value (NPV) in diagnosing lower-respiratory infections
from 750 breathing sounds during our field trials. This is more accurate than the
clinical examinations of GPs for pneumonia.

Fig. 7.6 Low-cost cell-phone based early child health intervention using children’s crying and
breathing sound
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7.7 Other Automated Health Care Services

Telemedicine is the use of communication technologies, such as telephone, video
conferencing, or the Internet, to provide and support health care to remote regions.
Telemedicine was initially developed to provide health care to rural and under-
served populations (Angaran 1999), but distance is no longer the major factor that
defines the term. In fact, its applications have been extended to all types of health
care including psychiatry consultations in inner cities (Hilty et al. 2002, 2004;
Yellowlees et al. 2008). While the greatest benefits come from its use in rural and
underserved populations, as it makes otherwise unavailable health care available to
many patients, its driving force is now more on making health care more cost-
effective, affordable, accessible, efficient, and convenient for both health care
providers and consumers.

While telemedicine uses communication technologies to connect doctors and
patients in remote regions,many other automated assisted technologies start to appear.
These are not completely automated systems, but rather, used to assist medical
practitioners for reliability, efficiency, and effectiveness. One popular approach is
using computers to analyse digital images such as face images. Examples includes
monitoring behaviours and diagnosing poor health in the elderly (Nambu et al. 2005),
detecting emotional cues from facial expressions (Cowie et al. 2001), detection of
action units (AU) (Valstar and Pantic 2011) defined by Ekman et al. (1998). Another
popular approach is using computers to analyse bio-signals such as skin conductance,
EEG, EMG, and EGA measurements. Examples include detection of emotional
responses from galvanic skin responses (Tarvainen et al. 2001), detecting early
psychological disorders using EEG and EDA signals (Frantzidis et al. 2010).

These signal analysis approaches become more sophisticated with help of
advanced machine learning algorithms. Statistical analysis is an earlier approach
that measures statistics of some measurements, for example the frequency of words
in spoken or written content. Latent Semantic Analysis (LSA) based analysis
approaches go further into analysis of hidden relations between factors. Machine
learning approaches use derived features from both statistics and relations to build
models of underlying health conditions. Medical practitioners often formulate
clinical models in order to explain the conditions of patients. Now we can use
machines to automatically generate clinical models as well. Recent advances
include generation of rules for explaining diagnosis results in terms of the input
features (Song and Marsh 2012; Song et al. 2011).

Once clinical models are generated by practitioners and computers, for example,
as a set of rules, called knowledgebase, someone need to use the rules to diagnose
new patients or explain conditions of existing patients. These are expert systems
which make use of rules defined by human experts or data mining tools. Examples
include an integrated medical record management system that provides a series of
applications and personalized services for patients with anxiety disorder by man-
aging patient data collection and automatically assessing stress level based on user
modelling to assist personalized treatments (Panagiotakopoulos et al. 2010).
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7.8 Conclusion

In this chapter we have defined IMC standard covering activities that need to be
included. We illustrated that how online knowledgebase and social media are
changing the landscape of medical care and driving innovation in medical care.
Patients filter out information activity and propose the best methods based on their
personal experiences. Publicly shared opinions are refined through online discus-
sions and forums in collaboration with practitioners and patients. Smart technolo-
gies are operating 24/7 to provide real-time diagnosis of all kinds of health
conditions such as pneumonia, flu, cold, bronchitis, and mental health problems.
With the help of low-cost cell-phone, accessibility to such smart technologies is
more affordable than ever before. The future has been laid out and we will soon see
more IMC care systems popping out all over the world.
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Chapter 8
Assessing General Well-Being Using Facial
Expressions

Abstract Global cell-phone ownership has surpassed over 5 billion. The prolif-
eration of cell phones offers an unprecedented opportunity for aid organizations and
governments in developing countries for providing affordable medical services for
everyone. The available standardized interfaces of low-cost cell-phones allow us to
create powerful medical diagnostics systems. For instance, digital cameras of cell
phones now provide easy to use interfaces for capturing useful information of
various medical conditions. However, photographic images often contain private
and sensitive personal information in its raw form thus considered unsuitable for
many available online services. Therefore, there is a need for a computational
algorithm for extracting anonymous, de-identified, digital features from captured
images for assessing medical conditions and general personal wellbeing. We
present a de-identified feature generation method, called Gaussian Hamming Dis-
tance (GHD). We show that GHD features are significantly correlated with personal
wellbeing. Its low computational complexity makes it ideal to be used with low-
cost mobile devices. Its prediction power is suitable for providing a variety of
online services including recommending useful health information for improving
general wellbeing.

Keywords Facial � Palsy � SVM � Face � SOM � Health informatics � eHealth �
Medical data analysis

8.1 Introduction

Mobile devices have been used for rapid diagnosis of various health conditions (Lei
et al. 2012), recommending communities for health social networks (Song and
Marsh 2012), and improving livelihood of rural areas of developing countries
(Vong et al. 2012). Low-cost cell phones are now available even in remote, hard to
reach areas. In Bangladesh, a villager with a sick child would normally have to
travel for 3 h just to see a nearest community doctor. The villager could instead use
his US$14 cell phone to capture image, video, and/or audio data, send the data via
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Multimedia Messaging Service (MMS) to a remote diagnostics server located in
somewhere in the world for rapid diagnosis. The cost of sending an MMS message
is about 10 US cents in Bangladesh. The price of cell phones and network service
fees will fall further, better services will added, such as 3G, which is capable of
delivering much higher-quality image and video data than 2.5G cell phone
networks.

The US$14 cell phone is equipped with a digital camera that can capture an
image of a face of a child. The typical resolution of such devices is about 640 by
480 pixels. A face image of a person can tell a lot about the person’s health
conditions. For instance, Bell’s palsy is well known to be associated with respi-
ratory infections, such as pneumonia, cold and flu (Song et al. 2013; Trad et al.
2005; Völter et al. 2004), tuberculosis (Hadfield et al. 1995), and herpes simplex
(Murakami et al. 1996). However, photographic images of individuals contain
identifiable private and sensitive personal information in its raw form and thus not
suitable for online services. Due to the sensitive privacy issues of sharing face
images, there have been little previous studies in the use of facial images for
assessing health conditions. New de-identified feature extraction approaches will
open up new research opportunities.

The House-Brackmann Grading System (House 1985) shown in Table 8.1 is
used by clinicians to manually assess medical conditions of patients suffering from
Bell’s Palsy. As shown in Table 8.1, the assessment is based on measuring misa-
lignments between the left and right hand sides of a patient’s face. In telecom-
munications industry, Hamming distance has been used for measuring the amount

Table 8.1 House-Brackmann grading system for Bell’s palsy (House 1985)

Face Grade Characteristics

Forehead I. Normal
II. Mild dysfunction
III. Moderate dysfunction
IV. Moderately severe
dysfunction
V. Severe dysfunction
VI. Total paralysis

Normal function
Slight weakness to good function
Noticeable slight to moderate movement
Obvious weakness or disfiguring asymmetry
Barely perceptible motion
No movement

Eye I. Normal
II. Mild dysfunction
III. Moderate dysfunction
IV. Moderately severe
dysfunction
V. Severe dysfunction
VI. Total paralysis

Normal function
Complete closure with minimal effort
Obvious weakness, eye closure with effort
Incomplete eye closure
Barely perceptible eyelid movement
No movement

Mouth I. Normal
II. Mild dysfunction
III. Moderate dysfunction
IV. Moderately severe
dysfunction
V. Severe dysfunction
VI. Total paralysis

Normal function
Slight asymmetry or weakness of mouth
movement
Obvious but no disfiguring weakness
Asymmetry at rest
Barely perceptible mouth movement
No movement
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of errors in a code (e.g., a string) transmitted over a telecommunication channel. In
this paper, we develop a method of calculating the Hamming distance for facial
images: the degree of misalignment between the left and right hand sides of a face.
Unlike code or string data, misalignments of facial features can be due to some
unrelated factors, such as rotation and transposition errors while taking face images.

Therefore, we have developed a computational algorithm for extracting anon-
ymous feature data (for example, Hamming distance and Principal Components)
from captured facial expression image data; and a computational algorithm [e.g.,
Artificial Neural Networks (ANNs) and Support Vector Machines (SVMs)] that can
predict different well-being states from anonymous feature data.

In particular, we investigate how SVM is applied to automate the diagnosis of
Bell’s palsy from the de-identified anonymous feature data. Figure 8.1 illustrates an
automated diagnosis of Bell’s palsy using smart phones, such as Android mobile
devices. The proliferation of mobile phones now enables us to collect high quality
image data conveniently at home, even by parents of children. In particular, digital
cameras of cell phones provide easy to use interfaces for capturing useful infor-
mation about general well-being of individuals. Mobile devices have been used in
rapid diagnosis of health conditions (Lei et al. 2012), health social networks (Song
and Marsh 2012), and improving livelihood of rural areas of developing countries
(Vong et al. 2012). The rapid penetration of mobile devices worldwide now opens up
new opportunities to provide more convenient and cost effective means of diag-
nosing various health conditions associated with Bell’s palsy, such as cold and flu.

8.2 Background

This section provides an overview of the core techniques focusing on telemedicine,
automated health assessment technology, support vector machines (SVMs), and
Emergent and Self-Organizing Map (ESOM). In particular, the significance of

Fig. 8.1 The overall process of predicting wellbeing from facial images comprises capturing a
face image, normalization, Gaussian blur, ROI detection, GHD feature generation, and prediction
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generating human-comprehensible explanations from classifiers, and the meanings
to explain the decision-making process of a machine learning system to a human
user who may not be a domain expert or have little familiarity with information
technology.

8.2.1 Telemedicine

Telemedicine is the use of communication technologies, such as telephone, video
conferencing, or the Internet, to provide and support health care to remote regions.
Telemedicine was initially developed to provide health care to rural and under-
served populations (Angaran 1999), but distance is no longer a major factor. In fact,
its applications have been extended to all types of health care including psychiatry
consultations in inner cities (Hilty et al. 2002, 2004; Yellowlees et al. 2008). While
the greatest benefits come from its use in rural and underserved populations, its
driving force is now more on making health care more cost-effective, affordable,
accessible, efficient, and convenient for both health care providers and consumers.
For instance, (Harrison et al. 1996) teleconferences of doctors on improving
communication between primary and secondary health care, Yellowlees et al.
(2008) reported case studies of telepsychiatry via videoconferencing and their
potential to improve patient care and satisfaction, and reduce emergency department
overcrowding. Frantzidis et al. (2010) developed a remote monitoring system for
the elderly and chronically ill. Tang et al. (2011) used a multimedia system to
improve medication adherence in elderly care. The growing number of elderly
indicates that this form of telemedicine will become an important research area for
many developed countries.

Almost all technologies reviewed herein could be used in conjunction with tele-
mental health technology. For instance, it is possible to use automated speech
analysis methods (e.g., Elvevag et al. 2009; Tilaka et al. 2013; Low et al. 2011;
Song and Marsh 2012) while the patients are being interviewed by psychiatrists to
provide objective analysis of speech and language disorder or to monitor
improvements in mental health conditions.

Much needed research is now being devoted to the development of more
sophisticated Telemedicine technologies that integrate various technologies, such as
mobile breathing sound analyser (Lei et al. 2013) and recommender system (Song
and Marsh 2012). The papers reviewed some of these technologies, with the aid of
quantitative evaluation, rather than anecdotal qualitative evaluations (Yellowlees
et al. 2008). It also examined the use of modern communication technologies for
tele-health and contemporary issues in health, such as impact of technology on
health services delivery, and its impact on relationship between patients and health
care providers.
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8.2.2 Automated Health Assessment Systems

Many health assessment methods are time consuming and highly subjective. To
improve efficiency and to provide more objective assessments, various automated
health assessment methods have been developed. The methods can be broadly
classified based on the type of data collected and analysed. We shall now review the
image analysis-based methods.

Cowie et al. (2001) reviewed the use of image analysis techniques in detecting
emotional cues from facial expressions (that is, still face images) and gestures (that
is, movements of facial features). According to Cowie et al. (2001), there are two
emotion detection paradigms. The first paradigm detects the (seven) archetypal
expressions. The second paradigm detects the non-archetypal expressions (for
example, modulated, falsified, or mixed expressions). The majority of existing
literature and available data clearly focuses on the method of detecting archetypal
expressions (e.g., Yacoob and Devis 1996; Otsuka and Ohya 1996; Pantic and
Rothkrantz 2000). Much research needs to be done for the detection of richer non-
archetypal emotional expressions and gestures. These approaches now focus on the
detection of action units (AU) defined by Ekman et al. (1998). For instance, Valstar
and Pantic (2011) has used a facial point detector based on Gabor-feature-based
boosted classifiers, achieving AU recognition rate of 95.3 %. On the application of
facial expression detection method on the diagnosis of mental health problems,
Stone and Wei (2011) used a facial expression detector to measure cognitive load,
which is conventionally assessed using EEG or EMG measurements. However,
there is little research on the use of facial emotional detection methods for clinical
diagnosis of mental health problems. This may be due to the fact that image
processing techniques are more difficult than other techniques, such as sound
processing. In addition, large variations on emotional expressions make it difficult
to develop reliable measurements that are correlated with underlying psychological
problems.

Instead of relying on face detection methods, Nambu et al. (2005) developed a
simple image processing technique for monitoring behaviours and diagnosing poor
health in the elderly. The researchers developed an automatic diagnosis system that
can assess physical conditions as well as mental conditions from behaviours of
elderly watching TV. They used the recordings of the starting time of watching TV,
obtained from a running monitor of the television. Initially, they tried to utilize
various other sensors, such as a running monitor of electric appliances or door
switches, but found the resulting data difficult for objective analysis. The data
appears to be uncorrelated. The start times of watching TV are recorded by dividing
each day into 15 min intervals. An interval is given a certain value, say 1, when an
elderly participant starts the TV in the interval and another value, say 0, otherwise.
This way, a 30 × 96 pixel image could be constructed for visualizing behaviours of
the elderly watching TV. Their hypothesis was that the subjects watched the tele-
vision at roughly fixed times if they were healthy. To measure productiveness of
their TV watching behaviour, the researchers measured non-randomness of the
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patterns on the visualized behaviour using the maximum entropy method (MEM).
The image compression rate was measured as an indication of the health condition.
The lower compression rate (that is, the larger size of compressed image) was used
as an indication of unhealthy condition.

8.2.3 Facial Palsy

Facial palsy, clinically diagnosed as facial nerve paralysis, is a facial nerve
inflammation that causes facial muscle distortion. Patients who suffer from facial
palsy have symptomatic, functional, communicable, and psychological problems
(Terzis and Konofaos 2008). Though not fatal, chronic and severe facial palsy
symptoms largely affect patients’ social interaction and regular life. In order to
provide accurate diagnostic information for facial palsy, studies of facial paralysis
patients’ database on facial expression have been undertaken. By analyzing and
interpreting facial expression changes, image analysis techniques can assist in both
prognosis and rehabilitation of facial nerve palsy.

One particular type of acute facial palsy, called Bell’s palsy, is known to be
associated with acute infectious diseases, such as pneumonia, cold and flu (Song
et al. 2013; Trad et al. 2005; Völter et al. 2004), herpes simplex (Murakami et al.
1996), as well as tuberculosis (Hadfield et al. 1995). Conventionally, Bell’s palsy is
diagnosed using a guideline shown in Table 8.1 to assess its degree of progress. It
has been shown that computerized image analysis methods utilizing techniques
developed for face recognition are able to assess the degree of Bell’s palsy using
low resolution facial images of patients (Song et al. 2013).

8.2.4 Support Vector Machine

Cortes and Vapnik (1995) introduced support vector machines which is a novel
approach to machine learning. SVMs are based on the structural risk minimization
principle in order to overcome the over-fitting problems. Support vector machines
find the hypotheses from the hypothesis space H of a learning system which
approximately minimizes the bound on the actual error by controlling the empirical
error using training samples and the complexity of the model using the VC-
dimension of H. SVMs are universal learning systems (Joachims 1999). In their
basic form, SVMs learn maximal margin hyperplanes (linear threshold functions).
A hyperplane can be defined by a weight vector w and a bias b:

w � xþ b ¼ 0 ð8:1Þ
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The corresponding threshold function for an input vector x is then given by:

f ðxÞ ¼ signðw � xþ bÞ ð8:2Þ

However, it is possible to study polynomial classifiers, radial basis function
(RBF) networks and three or more layered neural networks by mapping input data
x to some other (possibly infinite dimensional) feature space ϕ(x) and using kernel
functions K(xi, xj) to obtain dot products, ϕ(xi) · ϕ(xj), of feature data.

8.2.5 Emergent Self-organizing Map

Emergent Self-OrganizingMap (ESOM) (Kohonen 1990), also known as a Kohonen
map having a large number of map neurons, is a technique using nonlinear projection
neurons arranged in a map M, usually in 2D (i.e.,M⊂R2), for visualization of high
dimensional data. Two types of ESOM grid structures have been commonly used:
Hexgrid (honeycomb like) and Quadgrid (as a lattice) maps.

ESOM usually forms a (2D) grid of prototype neurons, which are represented
using high-dimensional vectors with a similar number of features of input data. The
density of data in the vicinity of the neurons, and the distances between the neurons,
are taken into account for better visualization. For example, an ESOM map can be
visualized using:

1. Distance-based Visualization called U-Map (from U-Matrix) (Ultsch 1993);
2. Density-based Visualization called P-Map (from P-Matrix) (Ultsch 2003); or
3. Distance- and Density-based Visualization called U*-Map (which combines the

U and P map) (Ultsch 2003).

The different types of maps visualized the high dimensional data space on a floor
space layout using a landscape like visualization for distance and/or density
structure of the high dimensional data space. Structures emerge to the top of map by
clustering of many neurons during the learning phase. The emerging structures are
the main concept of ESOM. It can be used to achieve visualization, clustering, and
classification. The clustering of ESOM is based on the U*C clustering algorithm
described by Ultsch (2005).

8.3 Methodology

The project aims to develop computer algorithms that predict well-being states from
facial expressions:

1. Computational algorithm of extracting anonymous feature data (e.g., Hamming
distance and Principal Components) from captured facial expression image data,
and
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2. Prediction algorithm (e.g., Artificial Neural Networks and Support Vector
Machines) that learns a function y = Model(x) of predicting different well-being
states y from the anonymous feature data x. Here, Model is usually a black box.

Our main hypothesis is that an automated machine learning algorithms (e.g.,
ANNs) can learn a prediction function y = Model(x) from a set of training sample
data (X, Y), where Y = well-being states (i.e., an answer to a question in the
questionnaire) and X = anonymous feature data of the corresponding facial
expression image data, such as Hamming distance between left and right halves of
the facial images. This can be tested by measuring accuracy, specificity, sensitivity
of predicting well-being states from the anonymous features. Earlier studies (Song
et al. 2011, 2013) in computational methods for the detection of facial palsy from
single facial images had an accuracy of more than 70 %, suggesting that the method
may be suitable for real world applications.

In order to prove the main hypothesis, we collected a total of 46 facial palsy
images and 21 normal face images in our earlier studies. We included the details in
this paper for reference in the later sections. We also further collected 61 face
images from JCU Singapore students. The students filled in a questionnaire to
describe their general well-being states, such as energetic, happy, feeling chill,
feeling having a cold or flu. The questionnaire lasted about 10 min.

Each question in the questionnaire indicates a well-being state Y (e.g., Runny
nose?). The facial expression images are processed to extract anonymous feature
data X, such as Hamming distance. The questions in the questionnaire and features
of facial expression image data form a training data set for a computational machine
learning algorithm. The aim of this data set is further to test whether a computa-
tional learning algorithm (e.g., Artificial Neural Networks) can automatically
generate a high-performance prediction function y = Model(x).

The overall process of developing the Model function is as follows. The face
images of the questionnaire are processed to generate a non-identifiable feature data
set. This feature data set is then used to train machine learning algorithms (e.g.,
Artificial Neural Networks (ANNs), Naive Bayesian Classifier, Decision Tree, and
Support Vector Machines). We then use the models to predict answers to the
questions in the questionnaire (e.g., “Do you have runny Nose = Yes/No?”).

We train various machine learning algorithms (Naive Bayesian Classifier,
ANNs, SVM, and Decision Tree) and test their performances using the question-
naire data. Our aim is to test the computational machine learning algorithms in
predicting the answers to the questions in the questionnaire from features of facial
expression images.

Examples of non-identifiable features are the Hamming distances (i.e., differ-
ences) between the left and right halves of face images, edge detection and seg-
mentation of the face images and other measures of symmetry, such as geometrical
measurements of symmetry. These features cannot be used to identify individuals.
We identify such features at the above second step in order to find non-identifiable
features that maximize the prediction function. We can then be able to collect such
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non-identifiable data through various online survey methods to test further how
effective the features are in predicting well-being states as patients will be more
conformable to share non-identifiable data.

8.3.1 Extracting De-identified Features

Figure 8.1 illustrates the process of extracting de-identified features from facial
expressions and predicting well-being states of the users as House-Brackmann
Grading (see Table 8.1 for the descriptions of the grading scale) or questionnaire
answers. To remove noises, a 2D Gaussian blur filter is applied on the sample face
images. The images are then converted into grey scale images and normalized using a
Histogram equalization process. An automated face-area detector is developed using
the Haar Cascade classifier (Viola and Jones 2001) implemented on OpenCV (Open
Source Computer Vision: http://www.opencv.org) API. Haar Cascade classifier
combines Adaboost algorithm for feature selection and a cascade of classifiers for
rapid scanning of face images. The face-area detector automatically locates a face in a
sample image and places a region of interest (ROI) rectangle. The detector is cali-
brated such that it detects an ROI rectangle area that encloses the far edges of the eyes,
the top of the eye brows, and the bottom of the lower lip. The face edges are extracted
using a Sobel edge detector. The differences between left and right half images offaces
aremeasured usingHammingDistance (Hamming 1950), i.e., the number of positions
at which the corresponding pixels are different. Therefore, each image is represented
by 100 Hamming distance values. Principal component analysis (PCA) is then per-
formed on the Hamming distance features and the top-ten principal components are
selected as the set of features of sample data sets. To compute the principal compo-
nents, the Hamming distance features of face images are represented on a 100 × 67
matrix (100 rows and 67 columns), where each column is the Hamming distance
features of a face image. Eigenvectors are computed using OpenCV API. The top ten
eigenvectors are selected by sorting them in descending order of their eigenvalues.
The images are then classified using 5-ary classifiers (a multi-class classifier).

For the training data sets, the rectangle is manually rotated and/or moved to
centre the faces inside the rectangle such that the centre line of the rectangle passes
through the centre of the face, that is, between the eyes and the centre of nose. The
rectangle regions of the face images are then extracted, rescaled, and down sampled
to 100 × 100 pixel square grey-scale images.

8.4 Evaluation of The De-identified Features

In our previous study (Song et al. 2011, 2013), we have collected 46 facial palsy
images from hospitals and 21 normal face images from a public database. The
resolutions of the facial palsy images and normal face images were about
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691 × 1,024 and 150 × 180, respectively. The facial palsy images were obtained
from Mater Misericordiae Health Services in Brisbane. These images show facial
weaknesses, such as not being able to close both eyes, twitching of the corner of
mouth when smiling, and asymmetry cheeks. The normal images were obtained
from Asian Emotion Database (Chen et al. 2007). The data were then arranged into
train and test data sets separately. We first graded the images manually into five
scales using the House-Brackmann grades. Due to the insufficient number of
images, we were not able to obtain grade VI images. We then further collected 61
smiling face images from students at the JCU Singapore campus.

Figure 8.2 shows the intermediate images of normal face and palsy images with
asymmetry mouth. The right column of Fig. 8.2 shows the differences between left
and right faces when we fold the face images symmetrically. The differences are
measured using Hamming Distance (Hamming 1950), that is, the number of
positions at which the corresponding pixels are different. Therefore, each image is
represented by 100 Hamming distance values. Figure 8.3 shows all of the Hamming
Distance features of the 61 students.

For our initial experiment, principal component analysis (PCA) is performed on
the Hamming distance features of the 46 facial palsy images and 21 normal face
images, and the top-ten principal components are selected as another set of features
of the sample data sets. To compute the principal components, the Hamming dis-
tance features of face images are represented in a 100 × 67 matrix (100 rows and 67
columns), where each column is the Hamming distance features of a face image.
The 5 groups of images are then classified using 5-ary classifiers.

Fig. 8.2 Intermediate images
of face images: significant
face edges; difference
between left and right face.
Source Song et al. (2011)
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Figure 8.4a shows the ROC (Receiver Operating Curve) curve of SVM with ten
principal components, the area under the curve is 0.73. Figure 8.4b shows the ROC
curve of Hamming distance with SVM which gives better results of about 0.87. It
provides good curves for palsy data as shown. Table 8.2 shows the results of using
ESOM classifier on the principal component features. The results are encouraging;
the F-measure is above 72 %. Especially in the case of Grade II, III, and IV, the
results are above 90 %.

In our second experiment, we directly use the Hamming distance features after
normalizing down sampled smiling face images (50 × 50 pixels), which is much
smaller than our earlier samples. The purpose of using such smaller image size to
test if images transferred over Multimedia Messaging Service (MMS) can be used
for diagnosis. This is often desirable in many areas where mobile broadband ser-
vices, such as 3G, are not available. The features are then used to evaluate their
diagnostic power. Four classifier are evaluate using leave-one-out cross validation.
The classification performances of the classifiers for predicting ‘feel-fit’ are 0.54,
0.72, 0.74, and 0.74, respectively. The classification performances of the classifiers
are 0.67, 0.75, 0.79, and 0.79, respectively. Except for Naive Bayesian, most of the
classifiers performed well in predicting general well-being states. In particular,
SVM and Decision tree classifiers showed good performance.

Fig. 8.3 Intermediate images of 61 smiling face images
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8.5 Conclusion

The results indicate that the automated machine learning algorithms can learn to
predict personal wellbeing as well as medical conditions (for example, House-
Brackmann score of Bell’s Palsy) from de-identified features of the facial

Fig. 8.4 ROC using. a Ten
principal components.
b Hamming distances of left
face and right face. Source
Song et al. (2011)

Table 8.2 Performance metrics using emergent self-organizing map

Grade Generalization (%) Recall (%) F-measure (%) GMts (%) GMtr (%)

I. 59.38 91.43 72.00 59.54 93.54

II. 93.75 97.14 95.42 80.23 98.37

III. 87.5 100.00 93.33 62.06 100.00

IV. 90.63 100.00 95.08 56.73 100.00

V. 68.75 97.14 80.52 69.63 95.74
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expressions. Traditional diagnosis approaches involve a medical doctor taking a
thorough history of patient and determines the onset of paralysis, the rate of pro-
gression and so on. The use of automated grading system greatly reduces the
duration of diagnosis while increasing consistency, because Hamming Distance
(HD) is proportional to the degree of misalignment of facial features and references
of HD features stored to provide comparisons. The results are very encouraging.

The HD feature extraction is computationally efficient: linear to the size of the
input image. It involves convolving the input image with a small 2D Gaussian
kernel and subtracting two 50-by-25 grey scale images pixel by pixel. Therefore,
HD algorithm is suitable for low-cost mobile phones, which have limited memory
and computational power. As HD is proportional to the misalignments in facial
features, users will get immediate feedback before submitting to a remote server for
more detailed analysis. This can provide timely diagnosis to patients situated in not
easily accessible areas, emergency situations and areas with high medical cost, and
lastly for the underserved populations.

Unlike existing medical diagnostics, such as contact thermal imaging, our
method utilizes existing cell phones and infrastructure to provide a robust, non-
invasive, and rapid assessment method based on the simple analysis of images. The
developed system can be rapidly deployed to many needed communities over the
Internet. In the next 5 years, most residents in African continent will have cell
phones. Our low-cost cell phone-based data collection and diagnostics systems can
be used to construct a world-wide database of diagnostic images and cases to
discover the causes and spread of diseases and global patterns of disease
development.
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Chapter 9
Automated Diagnoses of Respiratory
Health Problems Using Breathing Sounds

Abstract Respiratory conditions, such as pneumonia, cold, flu, and bronchitis, are
still the leading causes of child mortality in the world. One solution for alleviating
this problem is to develop affordable respiratory assessment methods using com-
puterized respiratory-sound analysis. This chapter illustrates how computers can be
used to automatically diagnose various respiratory health problems. We use an
enhanced perceptual and cepstral feature set (PerCepD) for analysing breathing
sounds (BSs) for identification and classification of respiratory health problems.
Classification models are developed using support vector machine (SVM) and
artificial neural network (ANN) to achieve automatic detection from BS data. The
high detection accuracy results validate the performance of the proposed feature
sets and classification models. The experimental results also demonstrate that the
high accuracy of the pathological BS data can provide reliable diagnostic sugges-
tions for breath disorders, such as flu, pneumonia and bronchitis.

Keywords Breath sound � Support vector machine � Artificial neural network

9.1 Introduction

Acute respiratory infections are still one of the leading causes of child mortality in
the world. Reports state that around 28–34 % of all child mortality under the age of
5 was due to pneumonia and 95 % of the total mortality, was from developing
countries (Ruuskanen et al. 2011; Singh and Aneja 2011). It is also the major cause
of death in low income countries (Ruuskanen et al. 2011). Our aim is to develop a
diagnostic system for pneumonia which can be used by parents of children, in
particular by the underserved population. We report on an emerging technology for
diagnosing respiratory health problems that can provide cost effective methods of
medical diagnosis and treatment-monitoring. Due to rapid penetration of mobile
devices, breath sounds (BSs) can be easily captured using any low-cost cell phones
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and these sounds can be sent overt to a remote server for rapid diagnosis of deadly
respiratory diseases to save millions of lives.

Breath sound (BS) has been widely used in diagnosing respiratory diseases, such
as flu, pneumonia and bronchitis because BS contains important indicators of
respiratory health and diseases. The world health organization (WHO) has defined
pneumonia solely on the basis of clinical findings obtained by visual inspection and
timing of the respiratory rate (Puumalainen et al. 2008). The use of BS data for
diagnosis is not new. In the past, to overcome the problems of subjective auscul-
tation-based diagnosis of respiratory problems, various automated signal processing
methods have been proposed (Yadollahi and Moussavi 2010; Low et al. 2011;
Azarbarzin and Moussavi 2011; Wang et al. 2011; Matos et al. 2006; Mansy et al.
2002; Mahdhaoui and Chetouani 2011; Bahoura 2009; Arjmandi et al. 2011;
Godino-Llorente and Gomez-Vilda 2004; Taplidou and Hadjileontiadis 2007; Jin
et al. (2011); Shin et al. 2009; Pressler et al. 2004; Ruiz Diaz et al. 2012; Comak
et al. 2007; Fonseca et al. 2007). The significance of medical applications of this
study has been highlighted in various computerized and automatic sound/voice
detection systems. Based on various studies, it has been suggested that computer-
ized sound analysis is a useful and effective way to provide information of a wide
variety of health conditions including respiratory diseases (Yadollahi and Moussavi
2010; Low et al. 2011; Azarbarzin and Moussavi 2011; Wang et al. 2011; Matos
et al. 2006; Mansy et al. 2002; Mahdhaoui and Chetouani 2011; Bahoura 2009;
Arjmandi et al. 2011; Godino-Llorente and Gomez-Vilda 2004; Taplidou and
Hadjileontiadis 2007; Jin et al. (2011); Shin et al. 2009; Pressler et al. 2004; Ruiz
Diaz et al. 2012; Comak et al. 2007; Fonseca et al. 2007).

However, almost all computerized respiratory sound analysis methods have been
based on the data collected by using special sensors attached to the body. This is not
only invasive, but also requires trained personnel to properly acquire the data.
Currently, to our best knowledge, there are no computerized diagnosis methods
available for pneumonia using breathing sounds collected by hand-held micro-
phones (i.e., a non-contact method). Therefore, there is a strong need for such a
method: Moreover, the existing literature strongly suggests that BS collected via
non-contact methods would enable early diagnosis of respiratory diseases (Gupta
et al. 1996).

BS is often regarded as a band-limited or broadband noise (Gavriely 1995). A
reliable, accurate, fast method for BS data classification is essential for providing
treatment and diagnosis of different respiratory diseases. A recent trend is content-
based classification (Wold et al. 1996; Guo and Li 2003; Lu et al. 2003;
Krishnamoorthy and Kumar 2011) techniques for audio data. The content-based
classification strategy (Lu et al. 2003) shows a high accuracy compared to the
traditional method. Therefore, the popular content-based classification algorithm is
employed for the feature extraction of our BS data. It is known that some features
cannot be captured well by just one feature set. The enhanced perceptual and mel-
cepstral (PerCepD) feature, which explores features such as the delta and delta-delta
coefficients to capture time dynamical information, is investigated in our study.
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Compared to the pattern recognition field, the classification or separation tech-
nique is a relatively new recognition technique. Some works in the literature use
hybrid models to achieve optimum classification and detection performance (Wang
et al. 2011; Arjmandi and Pooyan 2012). To be more effective and accurate in the
detection of the BS data, popular kernel based algorithms, such as ANN and SVM,
are both adopted in the classification model to achieve higher accuracy and vari-
ability for solving practical problems (Zhang et al. 2006; Sazonov et al. 2010).

In this chapter, the hybrid feature set and content-based classification model is
proposed for automatic detection of the pathological BS data collected by hand-held
microphones. The main contributions of this chapter is to provide (1) an analysis of
BS collected at the mouth, (2) acoustic feature extraction methods for BS so that the
diagnosis of major respiratory disease can be achieved with diagnostic feature
selection and (3) classification methods from BS. To the best of our knowledge, this
is the first report on a method for diagnosing major respiratory diseases using BS
data collected by microphones held at the mouth without any direct contact with
patients and experimented with the set of features named PerCepD. Section 9.2 of
this chapter introduces the methodology of feature extraction in detail. The pattern
classification algorithms are presented in Sect. 9.3. Section 9.4 demonstrates the
proposed method with the experimental results. Section 9.5 gives a brief discussion.
Finally, conclusions and future directions are given in Sect. 9.6.

9.2 Feature Extractions

For the classification procedures, three steps are involved. Firstly, the optimal
parameters are found to discriminate the BS data. Then, the reference model to
evaluate the similarity of normal and pathological BS is designed and implements it
practically. Lastly, the BS data is classified and recognized statistically or directly
with the developed model. Figure 9.1 plots a schematic diagram of a BS detection
algorithm. The algorithm comprises data acquisition, signal pre-processing, feature
extraction, model training and pattern classification, and final classification results.
The detailed description of the procedures and steps are as follows.

9.2.1 Data Acquisition

During the data acquisition stage, the BS signals are directly collected from the
participants with digital voice recorders. The captured BS signals are usually dif-
ferent from centre to centre depending on data collection methods and locations, the
available devices, the established practice, the training level and the particular
applications. The collected BS data are from a variety of different sources with
different formats. The recorded BS is re-sampled to 8,000 Hz with 16 bit resolution
to facilitate the analysis techniques.
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9.2.2 Pre-processing

In this stage, the BS signals are prepared for smooth playback, followed by filtering
and segmentation. The pre-processing of the BS includes the following steps:

Filtering:
BS is a band-limited signal (Gavriely 1995). It is filtered using a band-pass filter
(9-order Butterworth filter bank) to remove the unnecessary and unwanted low-
frequency and high-frequency components, and minimize movement artefacts in
very low frequency and noises in high frequency.

Pre-emphasize:
The temporal feature of the BS data should be taken into consideration if the
contiguous frames are overlapped. Increment of the spectrum energy in the high
frequency part is done to low amplitude of the components of BS.

Normalization:
Different sampling rates and data acquisition locations will lead to signal variations,
and, thus, affect the classification performance. To reduce this effect, the BS signals
are normalized.

Segmentation and Windowing:
The normalized BS data are then segmented into overlapping frames with fixed
length.

9.2.3 Audio Feature Extraction

After pre-processing of the BS data, the followed procedure is used to convert the
BS data into a parametric representation. The enhanced perceptual and cepstral
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Fig. 9.1 Schematic diagram of the BS detection algorithm
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features consist of more features, such as MFCC derivatives, to further improve
detection accuracy. Each feature used in our study is described below:

1. Frequency centroid:
Let SiðwÞ represent the short-time Fourier transform of i-th frame, the frequency
centroid, C(i), as:

CðiÞ ¼
RHi

Li
wjSiðwÞj2dw

RHi

Li
jSiðwÞj2dw

: ð6Þ

2. Bandwidth:
Bandwidth is defined as the square of the power of weighted average of the
squared difference between the centroid and spectral components.

3. Spectrum power:
The logarithm of the total spectrum power is used.

4. Sub-band power:
The frequency spectrum is cut into four sub-bands with intervals. The loga-
rithmic sub-band power is computed.

5. Pitch:
The pitch frequency is detected with a pitch detection approach by tracking the
peak of the normalized auto-correlation function. If the peak value is higher
than an empirically chosen or specified threshold (e.g. 0.9), the pitch frequency
is detected; otherwise, the frame is denoted as being non-pitched.

6. Spectral flux:
Spectral flux is denoted as the spectrum variation value between the two
neighbouring frames in a short time window. The timbre of a signal and the
change of spectral energy distribution of two successive windows are deter-
mined by spectral flux.

7. Spectral entropy:
Spectral entropy is defined as estimation of signal predictability and regularity
when it indeed computes how sinusoidal the signal is. Spectral entropy allows
separation of the contributions from different frequency ranges.

8. Spectral roll-off:
The spectral roll-off point represents the fraction bins in the power spectrum at
which 85 % of the power is at lower frequencies. It is used to separate voiced
speech and music from unvoiced ones.

9. Spectral centroid:
The spectral centroid is a measure of the “centre of mass” of the power
spectrum. Spectral centroid measures the brightness of a sound. The higher the
centroid is, the brighter the sound is.

10. MFCC and MFCC derivatives (D and D-D):
MFCC (Rabiner and Juang 1993) can be estimated by using a parametric
approach derived from linear prediction coefficients (LPC), or by using a
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nonparametric fast fourier transform (FFT)-based approach. Time derivatives
are added to the basic feature vector to incorporate the ongoing changes over
multiple frames.

9.2.4 Feature Templates Formation

In our experiment, the above mentioned perceptual and cepstral features are
computed over the non-silent feature. Simple statistics are computed based on the
feature vectors. In our algorithm, each MFCC, D and D-D is an L-dimensional
vector, where both the mean and standard deviation are added into the feature
vector. There are 2L-dimensional vectors for MFCC, D and D-D respectively, while
other features have one mean and one standard deviation in the feature set. Addi-
tionally, the silent ratio (number of silent frames/total frames) is regarded as one
feature and combined to form the final feature vectors.

After the formation of feature vectors, the normalization is conducted. The
purpose of the normalization is to remove the correlation between different features.

9.3 Classification Techniques

For the second stage, the SVM and ANN classifiers are applied for the BS clas-
sification. The BS data are identified as normal or pathological respectively with a
decision rule.

9.3.1 SVM

Proposed by Vapnik (1998), SVM is a widely used classification algorithm to
ensure that the local optimal solution is the global optimal solution using the
statistical learning theory by the structure risk minimization principle (Low et al.
2011). The strength of SVM is that it can handle large dimensional data and
overcomes the over-fitting problem. Therefore, SVM is used to address the BS
classification problem in our approach.

The SVM method with sequential minimal optimization (SSVM) proposed by
Platt (1998) is a very popular and typical SVM method. LIBSVM (LSVM) pro-
posed by Hsu et al. (Chang and Lin 2011) runs faster than SSVM, as it uses the
LIBSVM to build the SVM classifier. These two kernels are used since these
kernels showed good result on big datasets of different respiratory sounds both in
Sazonov et al. (2010) and Sun and Moore (2011). WEKA package is used to train
the classifiers with default parameters.
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9.3.2 ANN

Because of the massively parallel and distributed structure, ANN (Bishop 1995) has
great capabilities for learning, generalization and nonlinear approximation, and,
thus, is suitable for classification. The ANN architecture is illustrated in Fig. 9.2
composed of many interconnected neurons organized in successive layers.

The summation layer uses summation units to memorize the class conditional
pdfs of each class through a combination of Gaussian densities. The decision layer
unit classifies the pattern x in accordance with the Bayesian decision rule based on
the output of all summation layer neurons. The perceptron transforms the output
according to a nonlinear activation function.

9.4 Experiments and Results

9.4.1 Database

The BS data are captured by microphones used in free field at a set distance from
the subject’s mouth or nose. To verify our proposed method, different experiments
are carried out using our self-collected BS data recorded from people with breath
disorders and people in good health without any breath disorders. Our dataset
comprises a total of 90 BS data, of which 40 are normal BS data (the control
subjects), and the rest are the pathological data. All the subjects were exposed in a
comfortable position and asked to breathe naturally in a relaxed posture during each
experiment. Written consent was obtained from each participant or from their
parents (if the participant was a child). For each subject, the normal BS data were
recorded for about 1 min. All the data were collected inside a room in real envi-
ronment (i.e., room environment is not controlled). The recordings were uploaded
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Fig. 9.2 The architecture of ANN
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to a personal computer and then converted to WAV format. Our final goal was to
design a classification and detection scheme insensitive to parameters such as age,
weight, gender, location and recording condition.

9.4.2 Classification Performance Evaluation

For each classifier, we used the leave-one-out (LOO) splitting method and then
reported the result as average of each run. The performance of the proposed BS
classification system is evaluated by quantitatively expressed detection metrics,
such as average accuracy, sensitivity and specificity. Sensitivity is the true positive
rate while specificity is the true negative rate. Accuracy is the proportion of correct
predictions.

9.4.3 Effects of Different Classifier

Figure 9.3 shows the detection accuracy of pathological and normal BS data with
different classifiers as input. In general, it can be observed that the LSVM classifier
obtains the best performance among the selected classifiers, while the KNN
methods achieve the lowest performance. In all cases, the detection results of the
SVM and ANN classifiers are very good.

As can be seen from Fig. 9.3, the content-based classification model with
supervised machine learning methods can achieve good performance with our
enhanced hybrid feature dataset, because the detection accuracy results are very
high. It can also be noted that LSVM and LVQ achieve the highest accuracy, while
KNN obtains the lowest accuracy results in the test. Based on these findings, it can
be suggested that the content-based classification by the supervised machine
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Fig. 9.3 Classification results of different classifiers. Source Lei et al. (2014)
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learning methods is very suitable for BS data classification and detection. The SVM
and ANN supervised classification methods are highly recommended for classifi-
cation and detection of our BS data.

9.4.4 Experiment on Breath Disorder Detection

It is well-established that one of the main advantages of the PerCepD feature is its
ability to consider simultaneously the overall information of the BS signal. This fact
is important in the field of the BS disorder identification of such diseases as
pneumonia, bronchitis and flu because of the noise-like effect of pathological
factors.

Figure 9.4 shows that breathe disorder problem pneumonia can be effectively
and successfully identified and detected by different feature sets and classifiers. It
can be also noted that all the classifiers can separate pneumonia, bronchitis and flu
successfully using the Cep, PerCep and PerCepD feature sets. Meanwhile, it is
observed that the PerCepD feature set with the SVM classifiers, such as LSVM and
SSVM, provides a higher accuracy than other feature sets as to breathing disease
detection, while using other feature sets, such as Cep and PerCep, achieves less
satisfactory detection accuracy. A preliminary explanation of this could be that the
hybrid and effective feature sets are suitable for detecting the disordered breath
diseases such as pneumonia, bronchitis and flu. It is found that the PerCepD feature
set obtained a high and stable detection ratio with different classifiers for the
classification of the breathing problems. Overall, the classification results for the
pneumonia, bronchitis and flu indicate that the BS is detectable with the supervised
classification model.
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Fig. 9.4 Classification results of pneumonia diseases. Source Lei et al. (2014)
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9.5 Discussion

Table 9.1 shows some of the best performing algorithms of speech and respiratory
sounds, such as snoring, coughing, crying, and breathing sounds. It illustrates the
current state-of-art in detecting various abnormal sounds for medical diagnosis.
Although the datasets used for testing these algorithms are different from our
dataset, we can use these performance results as the current industry benchmark of
sound-based automated diagnosis algorithms. When we compare these benchmark
performance results with our result, we could see that our method of detecting
abnormal breathing sounds for diagnosing critical respiratory diseases (the last row
in Table 9.1) significantly outperforms the benchmark results and existing breathing
sound detection technology (the second last row in Table 9.1). Therefore, we can
conclude that our result is better than the current industry standard in detecting
abnormal respiratory sounds. We should note that the breath sounds, which are used
to test our methods, are collected in noisy environments without using specialized
sound recording instruments. Our method also outperforms the method by Guo and
Li (2003), which is similar. This may be due to the fact that we adopt the enhanced
ceptstral feature set to well represent the properties of BS data.

Table 9.1 Algorithm comparisons

References Signal Feature Classifier Accuracy

Low et al. (2011) Speech TEO SVM 0.81–0.88

Azarbarzin and
Moussavi (2011)

Snore sound Suband
energy

Fuzzy
C-means

0.959

Matos et al. (2006) Cough sound MFCC HMM 0.82

Godino-Llorente and
Gomez-Vilda (2004)

Voice MFCC MLP/LVQ 0.95

Jin et al. (2011) Respiratory
sound

Temporal-
spectral

KNN 0.924 ± 0.029

Ruiz Diaz et al. (2012) Infant cry Quantative
feature

Template
match

0.905

Comak et al. (2007) Heart sound Wavelet/
STFT

SVM/ANN 0.959/0.945

Fonseca et al. (2007) Voice Wavelet/LPC SVM 0.9167

Guo and Li (2003) Audio PerCep SVM 0.85

Lu et al. (2003) Audio PerCep SVM 0.90

Dhanalakshmi et al.
(2009)

Audio MFCC SVM/RBF 0.921/0.937

Godino-Llorente et al.
(2006)

Speech
recordings

MFCC GMM 0.94 ± 0.032

Ruinskiy and Lavner
(2007)

Breath sound MFCC Template
match

0.9277

Ours Breath sound PerCepD SVM/ANN 0.989

Source Lei et al. (2014)
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From this table, we can observe that MFCC feature or cepstral feature is the most
popular feature for sound related signal detection. Among the classification meth-
ods for the different signals and features, SVM is the most popular classifier and it
provides the highest accuracy in the sense that it can be an accurate and automatic
tool for signal classification.

9.6 Conclusion and Future Directions

By the measurement and analysis of the content-based classification of the recorded
BS data with the supervised methods, such as SVM and ANN, the pathological BS
data can be detected with very high accuracy. The SVM and ANN classifiers are
evaluated and outperform the traditional KNN classifier in the detection of patho-
logical BS data. The enhanced hybrid feature set provides more features and
characteristics of the pathological BS to improve the classification accuracy. The
experimental results demonstrate that the PerCepD feature of BS signal is very
suitable for pathological BS detection due to its high detection accuracy. From the
reported results, it is verified that BS is detectable in most cases for the medical
application. This meaningful and automatic detection results can be used to provide
preliminary suggestions for clinical diagnosis. This suggests that the automatic
detection of pathological BS data will play a significant role in sound applications,
especially in the medical field.
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Chapter 10
Securing Online Medical Data

Abstract One of the challenges in providing medical services over the network
connections is maintaining authenticity and integrity of the data that are transmitted
over the network and stored on remote servers. To provide critical medical services,
data must be free from tempering. Medical data often also contain sensitive
information, and therefore require a method to prevent unauthorized access to
sensitive information of patients. In this chapter, we illustrate how the methods
developed for the protection of copyright can be used to achieve this. In particular,
we illustrate how a watermarking scheme can be used for protecting breath sounds
transmitted over the internet. We illustrate how this method can be used to insert
encrypted source and identity information in breath sounds while maintaining
significant biological signals for proper diagnosis. The method can be applied to
any types of data including image, video, and sound data. We show experimental
results to demonstrate that the proposed watermarking scheme obtains good
robustness against common manipulation attacks and preserves imperceptivity. The
performance comparison results verify that the scheme outperforms existing
approaches in terms of robustness and imperceptibility.

Keywords Digital watermarking � Secure medical data � Breath sound

10.1 Introduction

Advances in modern communication technologies, in particular the Internet and
health social networks, allows anyone to have access to, make copies of, and
distribute digital contents. However, this also causes a problem, as anybody can
modify or tamper with important data, such as breathe sounds for detecting
infectious diseases. Digital watermarking is one of the solutions to address this
problem and is used for digital rights protection, ownership verification and security
purposes (Bender et al. 1996). For medical data, such as breath sounds containing
medical information, conventional watermarking is not appropriate because of the
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signal characteristics and distortion problems. Therefore, the evidence strongly
suggests that a new watermarking scheme should be designed.

Watermarking of medical signals is different from the better known audio
watermarking for intellectual property protection. However, the small band width
medical signals can still use the same analysis techniques because of their similar
signal characteristics. Most of the current digital audio and speech watermarking
schemes mainly focus on one or two transform combinations. The justification for
the combination of transforms is that the combination of transforms for water-
marking can achieve the optimal watermarking performance in terms of robustness
and imperceptibility. We will incorporate the following modern techniques to
achieve this: combining lifting wavelet transform (LWT), discrete cosine transform
(DCT), singular value decomposition (SVD), dither modulation (DM) quantization,
and particle swarm optimization (PSO) techniques. The reason to apply LWT, DCT
and SVD sequentially is that the system can achieve optimal performance in terms
of robustness and transparency in this order.

Particle swarm optimization (PSO) has been applied in the watermarking field to
improve the performance as an evolutionary optimization technique (Kennedy and
Eberhart (2001). PSOshares similar characteristics as genetic algorithm (GA), but itwas
proven that PSO could obtain better results in a faster and cheaper way. There are also
fewer parameters in PSO to adjust comparedwith GAmethod. Initializing a population
of random solutions first, PSO algorithm searches for optimal values by updating
iterations. Therefore, PSO has been used for approaches in a wide range of fields.

This chapter illustrates the robust watermarking technique for breath sounds, which
was developed by Lei et al. (2013). This method is based on a unique system in which
breath sound data are recorded by digital devices. The proposed watermarking method
based on LWT-DCT-SVD for breath sounds in the medical application is integrated
with the PSO to improve the watermarking performance. A cat map is utilized to
scramble the watermark data and increase confidentiality. The quantization steps are
optimized by the PSO heuristic algorithm. The main significance of our proposed
method is for the data tampering protection of our self-collected breath sounds for
providing health information. Moreover, the meaningful image logo can also provide
identification. The organization of this paper is as follows. Section 10.2 presents our
proposed method in detail. Performance analysis is discussed in Sect. 10.3. Experi-
mental results are presented in Sect. 10.4. Finally, Sect. 10.5 concludes the paper.

10.2 Overview of Technologies and Algorithms Used
for Watermarking

10.2.1 Particle Swam Optimization (PSO)

In PSO, each particle searches for optimal coordinates in the problem space. The
coordinates are related with the best solution (fitness or objective value) (Kennedy
and Eberhart 2001). The objective value (called pbest) is also stored. Another
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“best” value (called gbest) is found by the particle swarm optimizer, which is the
best value obtained by any particle in the neighbours of the particle. When a particle
takes all the population as its topological neighbours, the best value is a global best.
At each time step, the PSO process comprises changing and accelerating the
velocity of each particle toward its pbest and gbest locations (PSO local version).
Acceleration is weighted by a random term, with separate random numbers being
generated for acceleration toward pbest and gbest locations.

10.2.2 Lifting Wavelet Transform (LWT)

LWT utilizes lifting wavelet in the integer domain to simplify the problem, and thus
has strength over the traditional wavelet transform. There are three main steps of
LWT, that is, split/merge, prediction and update, as described below.

(1) Split step:
The split step just splits the input signal X(n) into even and odd parts.

(2) Prediction step:
The prediction step predicts odd samples from even samples, which is a dual
lifting step. The two signal subsets from the split process should be closely
correlated. The difference between the predicted value of P½XeðnÞ� and the real
value of XoðnÞ is called the detail signal dðnÞ.

(3) Update step:
The update step introduces the update operator ~U½��, which adopts the detail
signal d(n) to update even samples. The update step is the lifting of low-pass
subband with high-pass subband, and thus it is often viewed as a low-pass filter.

10.2.3 Singular Value Decomposition (SVD) Principle

SVD (Andrews and Patterson 1976) is a matrix factorization which decomposes a
matrix into three matrices of the same size. For example, a real matrix I of size
N × M can be decomposed into a product of 3 matrices: I ¼ USVT , where the
superscript T denotes matrix transposition, U and V are real orthogonal
N ×M matrices with small singular values, and S is N ×M size diagonal matrix with
large singular values.

10.2.4 Cat Map Encryption

The chaotic sequence often has low correlation sidelobes which means good
invariance to disturbance. In order to disturb the pixel space relationship of the
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binary watermark image, the watermark is first permuted by the chaotic map. To
enhance the security of the proposed watermarking scheme, a watermark scram-
bling algorithm is used at first. The two-dimensional binary image is then converted
into one-dimensional sequence in order to embed it into the breath sound signal. It
is further encrypted using random permutation to ensure security. Finally, the cat
map encrypted data, w(n), is used for the watermark embedding.

10.2.5 Watermark Embedding

Figure 10.1 describes the block diagram of the watermark embedding algorithm. In
our scheme, the combined features of LWT, DCT, SVD and DM are fully utilized.

We chose the popular DM quantization method in the embedding process
because of its good robustness and blind nature. The breath sound is first pre-
processed with the normalization method for providing data consistency and
improving the watermarking performance. The following steps describe the
embedding process:

Step 1: Perform LWT on the host breath sound signal, SB, to generate the coef-
ficients of approximations and details.

Step 2: We need to embed as many watermark bits as possible in the LWT
coefficients. To achieve optimal performance, DCT is only applied to the
low frequency approximate coefficients of the signal.

Step 3: Cut the generated LWT-DCT coefficients into different blocks. Specifi-
cally, the block length is equal to dividing the length of the approximate
coefficients by the watermark length.

Step 4: Conduct SVD transformation on each block to produce singular values.
Step 5: In order to guarantee robustness and transparency of watermarking

scheme, the watermarking system inserts the watermark bits into the
LWT-DCT coefficients by adaptive DM quantization method. The first
singular values of each block have the highest energy values, and thus
they are utilized to embed the watermark.

Step 6: Inverse SVD transformation is conducted to obtain the watermarked block.
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Fig. 10.1 Diagram of the watermark embedding procedure. Source Lei et al. (2013)
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Step 7: Apply DCT to the modified signal.
Step 8: K-level inverse LWT is carried out to get the finally watermarked breath

sound signal.

10.2.6 Watermark Extraction

Figure 10.2 illustrates the watermark extraction steps. The watermark extraction
process is described as follows:

Step 1: Perform DWT to the watermarked and possibly distorted host breath
sound signal, to obtain the LWT coefficients.

Step 2: Apply DCT on the low frequency part.
Step 3: LWT-DCT coefficient is divided into different blocks with the same block

length as that in the watermark embedding process.
Step 4: SVD transformation is applied on each block to produce singular values.
Step 5: The final embedded image logo can be obtained by decrypting the signal

with the same cat map in the embedding procedure.

10.2.7 Performance Optimization Using PSO

The quantization step for watermarking is signal-dependent, and thus a fixed value
for all test signals is not optimized. Therefore, different host signals or watermarks
require different quantization steps depending on their signal characteristics. To
address this issue, the evolutionary algorithm, PSO, is used to search for the best
quantization steps for different host signals and watermarks. In our scheme, PSO is
applied under this constraint because the quantization step for our watermarking is
in the range of [0, 1].

Signal processing attacks, such as resampling, MP3 compression, noise addition
and cropping are commonly used hence they are selected to be embedded in our
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Fig. 10.2 Diagram of the watermark extraction procedure. Source Lei et al. (2013)
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PSO training procedure to measure watermarking performance. In the watermark-
ing field, the properties of watermark robustness, imperceptibility and capacity are
mutually contradictory to each other. Since we only want to achieve a trade-off
between watermark imperceptibility and robustness, the watermark capacity is fixed
in the PSO process. The objective value function is designed as a function of both
imperceptibility and robustness to obtain the optimal performance by PSO.

10.3 Performance Analysis

10.3.1 Watermark Capacity

The watermark capacity (also known as the payload) of a watermarking scheme is
defined as the number of bits that can be embedded and recovered in the audio
stream, and often measured in bits-per-seconds (bps).

10.3.2 Error Analysis

Bit Error Rate (BER) is adopted to evaluate the proposed watermarking scheme. It is
used to evaluate our water marking methods against signal distortions or collusion
attacks. To decidewhether there is awatermark, the original watermarkw is compared
with the extracted watermark w0. If the BER between w and w0 is less than a user-
defined threshold L, there is a watermark, otherwise, there is nowatermark. Threshold
L is determined by the probability of the detection error due to a false alarm or
rejection detection (Bhat et al. 2010). The false alarm rate of our scheme demonstrated
good error probability of the proposed algorithm and it has sufficient confidence to
counter on the collusion attack to decide the sign of the hidden watermark.

10.3.3 Key Space Analysis

The security of an information system depends on keys rather than the privacy of
the scheme. In our scheme, keys or initial conditions are floating-point numbers.
The exponent is fixed while the significant number may be varied. The two keys K1,
K2 is used to generate a cat map, thereby enhancing the security of the proposed
scheme. The total key space of our watermarking scheme is 1034, meaning that
there is enough key space to guarantee high confidentiality of our proposed
watermarking system. Based on this key space analysis, it can be concluded that the
embedded watermarks are secure to attackers who try to exhaustively or statistically
detect and read them. All in all, our proposed scheme with such a long key is
adequate for reliable and practical use.
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10.3.4 Security Analysis of the Estimation Attack

In order to decrypt the encryption function adopted to construct the content-
dependent watermark, the probability of inversing the scrambling function is of
great significance, which means the single watermarked signal counterfeit attack or
estimation attack. The probability of a successful attack mostly relies on the ran-
domness of watermarking. As a result, it is more difficult to forge or estimate a
watermark when the watermarking scheme has a higher degree of randomness. The
randomness of watermark detection and watermarking region selection prevents an
attacker from estimating the exact range and location of the watermarked area.

10.4 Experimental Results

To evaluate the performance of the watermarking scheme, we collected a total of 90
breath sounds from different children under the age of 9. 40 of them were recorded
in indoor environments and 50 of them were recorded in outdoor environments.
General well-being questions were asked about each participant (e.g., “whether the
child is energetic or sluggish, having pneumonia, cold or flu”) and the information
gathered is embedded with the breath sounds to identify the well-being state of the
children. The recordings were uploaded to a personal computer, converted to the
WAV file format with a fixed duration time and then divided into different segments
to facilitate the analysis. The sounds were sampled at 32 kHz with 16 bit resolution.

A 64 × 64 bit binary JCU image logo was adopted in our watermarking method.
The duration time of the breath sound data was 32.768 s. In our observations, a
larger decomposition level could not increase the watermarking robustness and
caused intensive computation. Thus, we chose 3 as the decomposition level of the
Haar wavelet as a trade-off between robustness and imperceptibility. BER was
adopted to evaluate the proposed watermarking scheme.

10.4.1 Imperceptibility

Two representative breath sound samples were used in our scheme for the per-
formance comparison. Figure 10.3 plots the time domain waveforms and frequency
domain spectrogram of the original and watermarked breath sounds, respectively.
No observed visual differences were found between the time domain waveforms.
The low frequency part of the frequency domain spectrum of the original and
watermarked signal were almost the same, while the high frequency part of the
spectrogram of the original and watermarked signal had only some noise differ-
ences, which verified the successful insertion of the watermark and the good
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imperceptibility of the watermarking scheme. Moreover, the high SNR and LLR
values after watermarking also validated good transparency of the breath sound
watermarking scheme objectively.

10.4.2 Results of PSO Technique

The conflicting problem of imperceptibility and robustness of the watermark was
addressed by the PSO based optimization method. Figure 10.4 shows the results of
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Fig. 10.3 a Spectrogram of the original and watermarked breath sound1; b Waveform of the
original and watermarked breath sounds (SNR = 24.3143, LLR = 1.851). Source Lei et al. (2013)
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PSO optimization of our proposed LWT-DCT-SVD watermarking method after 50
generations of the two presentive breath sound signals. The quantization steps,
SNR, SSNR, LLR, and the average Corr values of the four attacks gradually
converged to the saturation values as the number of generations was increased.
These results validate the positive effect of PSO training and the successful opti-
mization technique. These parameters were optimally varied to achieve the most
desirable ones for host signals according to their different breath sound character-
istics. Moreover, it was observed that 50 generations were enough to achieve the
optimal values from these figures. Therefore, 50 generations were used in our
simulations.

10.4.3 Robustness

General signal processing attacks such as resampling (resampling to half of the
sampling frequency and then back to the sampling frequency), requantization (16
bits-8bits-16bits), MP3 compression (at bit rate of 112, 96 and 64 kbit/s), cropping
(10 % of the original samples are cropped) and noise addition (with the SNR 30 dB)
were conducted to validate the robustness of our scheme. The robustness results and
extracted watermarks under various kinds of attacks are shown in Table 10.1. It can
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Fig. 10.4 Quantization step, SNR, SSNR, Corr and LLR values of breath sounds 1 with PSO
training using 20 particles after 50 generations; a Best quantization step results (Best quantization
step = 0.1289); b Best SNR and SSNR results (best SNR = 24.7532 and best SSNR = 13.2821).
Source Lei et al. (2013)
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be noted that the watermarks under attacks are still visually recognizable hence can
be used for data source identification and data tampering detection purposes for
breath sound signals.

The overall robustness performance after attacks of our breath sound water-
marking scheme is quite good. This watermarking scheme can achieve source
identification and data tampering protection based on the robustness performance
and the visually recognizable extracted watermarks after attacks.

10.5 Conclusions

In this paper, a robust and blind watermarking scheme for medical breath sounds
based on LWT-DCT with the exploration of SVD properties and DM quantization
was proposed. Our scheme is very robust to various common signal processing
attacks. This was validated by the simulation results. In our optimization process,
PSO was used to make an optimal trade-off between imperceptibility and robust-
ness through effective selection of quantization steps to locate the best parameters to
insert the watermarks. The quantization steps were optimally adapted to achieve the
most suitable performance for various breath sounds with different characteristics.
In addition the proposed watermarking scheme achieved very good transparency
results. The experimental results revealed that our proposed method can increase
the robustness of the embedded watermark against various attacks in comparison to

Table 10.1 Robustness test results

Attacks Original watermark Resampling Requantization

Extracted watermark

BER (%) 0 2.54 0

Corr 1 0.9727 1

Attacks Low pass filtering Additive noise Cropping

Extracted watermark

BER (%) 0.17 0.54 0.07

Corr 0.9988 0.9962 0.9995

Attacks (kbps) MP3 96 MP3 64 MP3 56

Extracted watermark

BER (%) 0 4.03 4.81

Corr 1 0.9709 0.9647

Source Lei et al. (2013)
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previous work. The proposed method performed much better than the DCT method
for almost all of the images and attacks. As the identification information can be
exactly extracted without affecting the imperceptibility of the breath sounds, it is
especially suited to medical breath sound applications.
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Chapter 11
Technology in Education

Abstract Supporting diverse and rapidly changing learning styles of new digital
age generations is a major hurdle in the age of massification of education markets.
The institutions must now utilize the unprecedented network speed and mobile
technology to stimulating learning environments for the new digital age genera-
tions. Institutions need to accommodate different learning styles of students often
comprising of working professionals, different age groups and students from cul-
tural backgrounds. Researchers have been trying solve these challenges through
flexible learning and blended learning approaches. Faced with new digital age
generations, unprecedented network speed and mobile technology, researchers now
frequently quote mobilized curriculum, social-interaction oriented learning, per-
sonalized learning and collaborative mobile learning. This chapter reviews relevant
education models, learning styles, literature, and technology to help identify new
emerging research problems and research methodologies in m-learning.

Keywords Technology in education � Blended learning � Mobile learning �
Collaborative learning � m-Learning

11.1 Introduction

In the age of massification of education market, educational institutions must
accommodate changing student profiles and diverse student cohorts through tech-
nological and pedagogical advancements (Devlin 2012). Institutions need to
accommodate different learning styles of students often comprising of working
professionals, different age groups and students from cultural backgrounds.
Researchers have been trying solve these challenges through flexible learning
(McInnis and Hartley 2002; Devlin 2012; Lefoe and Hedberg 2006) and blended
learning (Sharpe et al. 2006) approaches. Faced with new digital age generations
(Conole 2004), unprecedented network speed and mobile technology, researchers
now frequently quote mobilized curriculum (Zhang et al. 2010), social-interaction
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oriented learning (Ting 2013), personalized learning (Song et al. 2012) and col-
laborative mobile learning (Boticki et al. 2013).

This chapter reviews relevant literature to identify research problems and research
methodologies in m-learning. In Sects. 11.2–11.4, we review literature in mobile
learning for mobilized curriculum, formative assessment, and enhancing social
experiences. In Sect. 11.5, we summarize learning types, research methodologies,
evaluation approaches, data gathering approaches, and data analysis approaches used
bym-learning researchers. In Sect. 11.6,we concludewith identified gaps in literature.

11.2 Mobile Learning for Enhancing Social Experiences

Ting (2013) viewed that social interaction is a key ingredient in the designs of
mobile learning practices. He proposed that mobile learning could enable students
interact with peers, teachers, and subject contents more efficiently and unobtru-
sively. This would then provide a more harmonized environment where students
could construct their learning upon both physical and social contexts augmented on
the learning content. Boticki et al. (2013) proposed that mobile-learning can pro-
vide efficient collaborative learning environment to enhance in-class learning
experiences. Boticki et al. (2013) proposed a mobile-technology platform for
supporting collaborative learning in class and evaluated the platform in teaching
two Primary 3 subjects in class: Chinese characters and mathematics. Ting (2013)
proposed a curriculum design practice, called interwoven learning interactions, for
creating more socially interactive learning environments.

11.3 Mobile Learning for Formative Assessment

In health care education, competency assessments are typically assessed summa-
tively due to the unique curriculum design in this sector. In a similar reason, not
much research has been done in the use of mobile learning in health care education.
Furthermore, the use of mobile technology in health care education initially met with
scepticism. Kneebone and Brenton (2005) reported that the usage of mobile devices
did not improve the quality of assessment tasks or even reduced efficiency. Other
studies suggested that special types of mobile devices were required to solve these
problems (Kramer 2009). Coulby et al. (2011), however, suggested that identifying
an appropriate use of mobile devices is key to solving the problems. They
hypothesized that m-learning could be used to conduct formative assessment in
competency assessments in health care education. This was an important observation
as competency assessments were typically assessed summatively in health care
education. They used mobile devices to conduct formative assessment on students
enrolled in work-based placements for Mini-Clinical Evaluation Exercise (CEX),
which is a competency based assessment in health care education. They conducted
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an initial pilot study on four final-year medical students. The researchers observed
the initial face-to-face training of the students on the use of mobile devices for their
training. The formative assessment activities were also observed. For triangulation
of data collection, they have also conducted focused group interviews. After positive
feedback from the initial pilot study, another nine final-year medical students were
invited to the study. They used grounded theory approach to analyse the qualitative
data they have gathered focusing on discovering concepts, relationships between
concepts, and themes, in particular, attitudinal and behavioural patterns and themes
associated with the use of mobile technology. They have observed that it was easy
for teachers to review students’ progress more frequently as they could do remotely.
As a result, students could be able to receive feedback more frequently as well.
Students could monitor their progress through continuous feedback and teachers
could chart incremental improvements of individual students. Most students felt the
formative assessment greatly helped them to pass the summative assessment tests at
the end of their placements.

In a similar attempt, Hardyman et al. (2013) used mobile devices to support trainee
doctors in workplace assessments. They argued that supporting the process of
knowledge acquisition and practices was the main problem for training medical
doctors due to the vast amount of knowledge, which were only applicable under
certain specific contexts. For example, trainee doctors had to communicate with
senior doctors, peers, and nursing and other medical staff, in that order, to solve
complex problems, For simple information queries, they used hard copy texts and
various resources. Therefore, the researchers designed iDoc (a mobile information
access platform for medical knowledge) to support Foundation Year 1 and 2 trainee
doctors. They have designed an evaluation on 440 trainee doctors using a descriptive
framework of e-learning (Ellaway 2010) and contextual mobile learning approach
(David et al. 2007). They have collected narrative case reports and responses to
questionnaire for their data gathering. The questionnaire responses were analysed
using SPSS quantitatively. The narrative cases reports describe trainees’ accounts of
the use of mobile technology during their training and the accounts were analysed
qualitatively using NVivo to classify the case reports into three types of scenarios.
The questionnaire data were then used to find out types of information sources,
information seeking behaviours of the trainee doctors, and perceived benefits of iDoc
during their training. Both the questionnaire responses and the case reports suggested
that trainee doctors found iDoc useful in finding information and getting feedback
from senior doctors more quickly during patient consultations. iDoc improved the
overall efficiency of information access and communication during their training.

11.4 Mobilized Curriculums

Zhang et al. (2010) developed a methodology for re-designing existing curriculums
into mobilized curriculums. The authors applied the methodology to redesign
existing 2nd year primary-school science curriculums in Singapore. The mobilized
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curriculums were designed to allow students to participate in inquiry-based learning
in class or out of class using their mobile devices. The authors hypothesized that
mobilized curriculums, referred to as “mobilized lesson” by Norris and Soloway
(2008), might be able to provide an infrastructure that fosters student centred
learning due to the pervasive nature of mobile technologies. Students would have
24/7 access to the mobile devices to participate in both informal and formal learning
in class or out of class. Before a pilot study, the authors conducted a field study over
a six month period to identify opportunities for improving learning using mobile
technologies. The pilot study was done using GoKnow Mobile Learning Envi-
ronment (MLE) running on HTC Windows Mobile 6 Smartphone. The researchers
and teachers co-designed 2nd year primary-school science curriculums by first
deconstructing existing curriculums, then re-designing learning goals and learning
activities to utilize various software tools, such as timers and calculators, available
on the Smartphone and GoKnow MLE. The researchers selected five affordances of
mobile technologies from previous studies done by Churchill and Churchill (2008)
and Patten et al. (2006) as their guidelines for choosing the features for redesigning
the curriculums: (1) Personal learning tool, (2) Contextualized learning tool, (3)
Collaboration tool, (4) Data Capture tool, and (5) Visual articulation or translation
tool. The pilot study was then conducted in nine Primary classes. The pilot study
showed that students participated in the redesigned mobilized curriculum performed
significantly better than the rest of classes in the final exams. The researchers also
conducted continuous observation during the pilot study using various data
recording methods, such as videos and photos. They defined an analytical frame-
work comprising of seven design principles of mobilized curriculum and used the
framework to analyse the observation data. They reported that there were significant
changes in students’ learning behaviours. Students engaged in more collaborative
learning with peers and teachers, asked more questions, and became more creative.

Song et al. (2012) proposed a design process for creating a mobile-assisted
personalized learning environment within Kolb’s experiential learning model (Kolb
1984). The authors viewed that the mobility of learners enabled by mobile tech-
nologies would allow learners personalize both their learning goals (Jones and
Issroff 2007) and context (Laurillard 2007). To overcome the limitations of expe-
riential learning, Song et al. (2012) incorporated goal-based approach (Schank et al.
1994) into their mobile-assisted personalized learning environment to provide
sustained experiential learning experience for science education. They then used
design-based research methods to evaluate their design process on thirty-seven
Primary 3 and 4 students in science inquiry. Data analysis conducted was based on
artefacts produced by students during the evaluation process which involved formal
and informal activities in class and out of class, such as activities performed in field
trips. The authors concluded that their personalized learning goals and context
enabled by the mobility of learners and re-designed curricular exhibited positive
themes, particularly, themes related to the affordances of the mobile learning
environment that they have created, such as enabling reflection and access to
contents anytime and anywhere.
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11.5 Types of Research Methodologies and Methods
Utilised in m-Learning Research Papers

Table 11.1 summarizes learning types, for which m-learning researchers tried to
integrate mobile technology. It shows that mobile technology can be applied to
most of learning environments, such as in-class, out-of-class, and inquiry-based
learning. It also showed that m-learning were applied to new emerging learning
types as well, such as personalized learning, mobilized science curriculum, and
social-interaction oriented learning.

Table 11.2 summaries research methodologies and evaluation approaches used
by m-learning researchers. It shows that pilot studies utilizing observation, inter-
views, and questionnaires data gathering approaches were commonly employed to
evaluate their proposed methods. Tables 11.3 and 11.4 summaries the data gath-
ering approaches and data analysis approaches utilized in the evaluations.

Table 11.2 Research methodology and evaluation approaches

Evaluation approaches Literature

Pilot-test curricular materials in classroom settings Zhang et al. (2010), Boticki et al.
(2013), Ting (2013)

Design-based Song et al. (2012), Boticki et al. (2013)

Pilot formative assessment Coulby et al. (2011)

Pilot training Hardyman et al. (2013)

Ellaway’s (Ellaway 2010) descriptive framework of
e-learning

Hardyman et al. (2013)

David et al’s (David et al. 2007) contextual mobile
learning approach

Hardyman et al. (2013)

Student perceptions on m-learning James (2011)

Table 11.1 Learning types

Learning types supported Papers

Project-based or inquiry-based learning Zhang et al. (2010), Ting (2013),
Song et al. (2012)

In-class learning Zhang et al. (2010), Boticki et al. (2013)

Out-of-class learning Song et al. (2012)

Personalized learning Song et al. (2012)

Curriculum design: a methodology for designing
mobilized science curriculum

Zhang et al. (2010)

Interwoven learning interactions Ting (2013)

Social-interaction oriented learning Ting (2013)

Formative assessment Coulby et al. (2011), Hardyman et al.
(2013)

Collaborative learning environment in classroom Boticki et al. (2013)
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11.6 Conclusion: Gaps in Literature

In science learning, a typical lab setup creates an environment where students are
required to solve a problem of replicating an experiment done by previous scien-
tists, such as creating oxygen, setting up a computer network, and implementing a
function for sending SMS messages. However, not all projects can have clear and
direct outcomes to measure against the outcomes of the students. For example,
designing a more fun and engaging interaction for an interactive product can be
more challenging and time-consuming to assess. In both cases, however, the main
challenges are stimulating students and facilitating effective learning within limited
resources.

Previous studies suggest that m-learning creates learning environments where
students are stimulated and effective learning is facilitated by providing more
efficient personalized learning. However, these approaches mainly focus on

Table 11.3 Data Gathering Approaches

Data gathering
approaches

Data collected Literature

Observation Artefacts Zhang et al. (2010), Song et al. (2012)

Note taking Song et al. (2012), Zhang et al. (2010),
Boticki et al. (2013)

Video, image, notes Zhang et al. (2010), Boticki et al. (2013)

In-direct observation Narrative case reports Hardyman et al. (2013)

Data logging Boticki et al. (2013)

Questionnaire, surveys Questionnaire Hardyman et al. (2013), Ting (2013)

Interview Questionnaire,
note taking

Coulby et al. (2011)

Focus-group study Semi-structured
questionnaire

James (2011), Boticki et al. (2013)

Video Boticki et al. (2013)

Summative evaluation
on learning outcomes

Coulby et al. (2011), Zhang et al. (2010)

Table 11.4 Data analysis approaches

Data analysis approaches Literature

Grounded theory approach
using NVivo (coding)

Coulby et al. (2011), James (2011)

Case analysis Zhang et al. (2010), Song et al. (2012), Coulby et al. (2011),
Hardyman et al. (2013), Ting (2013)

Statistical analysis of
questionnaire

Hardyman et al. (2013)

Statistical analysis of data
logging or evaluations

Boticki et al. (2013), Zhang et al. (2010)
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re-designing curriculums, taking advantage of mobile technology, and improving
communication and access to learning contents. Not much study has been done in
collaborative experiential learning via mobile devices. Mobile collaborative expe-
riential learning can allow students access a simulated lab anywhere at any time
through short messages providing students a sense of ownership of their journey,
experiential and contextualized learning in digital space, and formative assessment
through continuous feedback from the simulated lab.
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Chapter 12
Important Factors in Choosing Tertiary
Education Institutes

Abstract According to UNESCO’s final figures for 2009, since 2000 the number
of international students has increased by 75 %. The number of international stu-
dents in Singapore is also expected to grow at 10 % annual rate reaching 150,000 in
2015. This number of students, according to a government’s foresees, is worth USD
5 billion and contributes to 2 % of GDP. As a result, there are various great
opportunities coming up for higher learning education in Singapore. Singapore has
become one of the most favourite destinations for international students for higher
education; its growth rate is surpassing the traditionally favoured Western countries,
such as US. International students have also become an important economic factor.
According to former researches related to education, students are usually influenced
by the surrounding sources of information as well as their own experiences.
Besides, institutional factors such as program type, reputation, location, and facil-
ities are also considered when students choose their higher learning institutes. Other
studies also recognized the extreme importance of several country factors such as
living condition, and safety that may affect students when they consider a desti-
nation for their study abroad. This chapter aims to examine the sources of infor-
mation that international students in Singapore consider in order to choose
Singapore as their study abroad destination. Additionally, the study also compares
the importance of country factors and institutional factors. We have surveyed
234 students who are currently studying in Singapore to find out the competitive
advantage of Singapore Tertiary Education. The results show that recommendations
from friends and teachers have major influence on students’ decision in choosing
their schools (higher education) and location of education, followed by country
factors, such as personal security. Surprisingly, schools’ promotional activities and
agents have limited influence on students’ decision making.

Keywords Asian century education � Singapore � Emerging market � International
students
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12.1 Introduction

In recent years, the number of international students around the world has increased
dramatically in spite of global economic downturn. According to UNESCO’s final
figures for 2009, the number of international students rose by 75 % between 2000
and 2009. This figure reached 3.43 million in 2009, and is expected to increase
annually by 12 % Coughlan (2011).

At present, Asia is the most vital source of international students due to eco-
nomic boom in several Asian areas, such as China, India and Southeast Asia.
According to the UK Vision 2020 report, Asia is set to account for 70 % of the
global demand for international higher education by 2025.

While Western countries, such as USA, UK, Australia, still remain as the
favourite destinations, with great demand and development of several Asian
countries in education, a new trend is starting to emerge. Based on the Times
Higher Education World Reputation Rankings (Morgan 2011), many of Asia’s
institutions have become mainstream top universities in the world, making Singa-
pore, Japan, Korea, and even China as potential destinations for study abroad. In
particular, Singapore places strategic intent to increase international students, such
as the ‘Global Schoolhouse’ blueprint (Synergy 2011). Singapore is now expecting
to host 150,000 foreign students by 2015, creating 22,000 jobs and contributing
approximately USD 5 billion to the economy, about 2–5 % of Singapore GDP
(TheBusinessTimes 2008). Therefore, there are great opportunities to invest in
education industry. In a business context, understanding customer behaviour is very
important for firms to design their own business strategies. According to Philip
Kotler (2012), in order to create value for customers and build meaningful rela-
tionship with customers, marketers must first gain fresh and deep insight into what
customers need, and this is also critical in developing competitive advantages for
the firm.

The main objective of this case study is to discover the factors that international
students consider in choosing their schools. Unlike previous studies, data is col-
lected from students who are currently studying in many different public and private
universities in Singapore. The case study focuses on proving the following two key
hypotheses that are important for the market research of educational sectors:

• Hypothesis 1: Surrounding relationships affect more on students than students’
personal experiences when students consider their study abroad.

• Hypothesis 2: Institutional factors are more important reasons for students than
country factors when deciding to study in Singapore.

The paper is organized as follows. In the next section, we review previous
studies in educational service markets. In Sect. 12.3, the research methodology is
de-scribed. In Sect. 12.4, we summarize the survey data collected for the study. In
Sect. 12.5, the results of the analysis are shown. Finally in Sect. 12.6, discussion
and conclusion are made.
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12.2 Background

12.2.1 Types of Information Sources Affecting International
Students

According to Philip Kotler (2012), international students rely on the following
types of information sources in choosing educational institutes: personal sources
(family, friends, acquaintances, etc.), commercial sources (advertising, sales people,
etc.), public sources (Internet search, firm ranking, etc.) and experiential sources.
An early study done by Steadman and Dagwell (1990) showed that the opinions of
family and friends have major influence on students’ choice of colleges. In a paper
by Donnellan (2002) that explores the impact of marketer controlled factors on
college-choice decisions by students at a public research university, it was con-
cluded that, beyond the influence of parents, other factors such as personal contacts
and social life have great impact on students’ decisions. Similarly, Raposo (2007)
concluded that personal perception, including background, financial ability and
culture, have the greatest impact while the influence of external factors, such as
advertisements, has negligible impact on the decision-making. Besides, parents and
school teachers’ recommendations strongly influence in the process of selecting a
university. However, students depend more on a variety of information sources for
their decision-making, particularly, information available on the internet (Tricker
2003). This factor has to be taken into account while examining the driving factors
of students’ choice of higher education program and destination.

12.2.2 Institutional Factors in Choosing Study Abroad
Destinations

Many researches and propositions related to students’ choice of higher learning
institutes indicate that factors related to universities or higher learning institutes
play a very important role in student decision-making process. Chapman (1981)
proposed a model of students’ decision making process in selecting colleges. The
model emphasizes three main factors: (1) quality of faculty; (2) quality of degrees;
and (3) overalls academic reputation. These factors are mainly based on educational
quality of institutes. Coccari and Javalgi (1995) pointed out that, in addition to the
educational quality factors, cost and variety of courses offered have an impact on
student’s decision. In addition, a research paper by Kallio (1995), it was highlighted
that institutional quality, reputation and course diversity as factors that affect the
graduate students’ choice of college. Apart from these factors, it also reported the
importance of external and environmental factors such as residency, academic
environment and financial aid. Another research conducted by Soutar GaT (2002)
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mentioned that students are now more concerned about the bottom line outcome
after they complete their degrees. This suggests job prospect and demand of rele-
vant skills in workplace are also some of the factors affecting their choice.

12.2.3 Country Factors in Choosing Study Abroad
Destinations

Nowadays, students have a broad range of alternatives for their higher learning
education. The choice is not limited within domestic institutions; however, it has
been spread to global platform.

Shanka and Quintal (2005) examined the major reasons why students chose
Australia. They reported that the distance of the school to a student’s home country
is a vital factor that influences international students’ choice followed by safety,
educational quality, cost of living, and tuition fee. Similarly, Singh (2009), the
executive director of Angad Info—Overseas Communication Consultancy, stated
that safety and cultural similarities are Singapore’s advantages that ensures in
bringing international students, especially from India and regional areas. Yilin
(2010)’s study on Chinese students’ decision making of overseas studies claimed
that those who are willing to study abroad have strong motivation to live and work
overseas after graduating. This indicates that students are more independent in
choosing study abroad destinations. Cost of study abroad is a big issue for students.
In a study by Anderson and Bhati (2012), it was revealed that safety, location of
study destination, lower cost of living are some of the important factors for Indian
students in determining their choice. The perception of better job prospects also
affects their choice.

Overall, institutional factors, such as reputation, academic quality, facilities,
tuition fee, and country factors, such as safety, living cost, career, and settlement
opportunities, have an influence on student’s decision. Hence, this paper aims to
focus on examining separately the international students’ perception of country
factors and institutional factors so as to come up with a specific set of reasons for
students to choose Singapore as their study abroad destination. Besides that, the
sources of information that students use to consider their studies abroad have also
been explored.

12.3 Methodology

We had surveyed international students who are currently studying in Singapore.
A questionnaire was designed to gather the following types of information from the
international students using a five-point Likert scale. There were three parts in the
questionnaire.
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The first part of the questionnaire asked for some personal information, such as
country of origin of the respondents, university or college they are attending, and
course they are doing (diploma, foundation, bachelor, Master or PhD);

The second part of the questionnaire contained a ranking question where the
respondents had to rank the top 10 countries where they had ever considered for
their study abroad.

The third part of the questionnaire asked respondents to rate from the scale of 1
(strongly disagree) to 5 (strongly agree) according to the importance of factors that
influence their decision in choosing Singapore as their study abroad destination.
There were three areas:

1. Information sources such as agent and the internet.
2. Country factors, such as living condition and safety.
3. Institutional factors, such as campus facilities, institute reputation, and student

services.

The final part of the questionnaire asked respondents to rate on the overall
satisfaction level of students in Singapore on the scale from 1 (strongly disagree) to
5 (strongly agree). Data collection was conducted from the 8th of August to 17th of
August in 2012. The respondents were diploma, foundation, bachelor, master and
PhD students and they were randomly chosen from various different public and
private universities across Singapore which includes SIM, JCU, NUS, NTU and
other private educational institutes. The questionnaires were completed in two
ways: online and by delivery. For online survey, the questionnaire was posted in
Survey-Monkey, and the link of the questionnaire is sent to the international stu-
dents in Singapore. The questionnaires were also distributed in the universities that
were targeted.

Quantitative analysis had been used to analyse and interpret the case study
result: The first, second and fourth parts of questionnaire that were related to
demography information, students’ preferences of study abroad destination, and
their overall satisfaction of studying in Singapore were represented through graph
forms to give an entire view of respondents.

The third part data was analysed by using quantitative statistic methods. Since
the importance of each given factor was rated by respondents on the scale of 1
(strongly disagree) to 5 (strongly agree), the paper’s method is to compare mean of
each factor with 3 (neutral) by using t-test which is one of the statistical method that
determines how significant is the difference. In this case, the hypothetical mean is 3.
So if the mean of observed factor is statistically higher than 3, that factor is
considered as having significant effect on students’ decision. Furthermore, two
sample t-test were used to compare the significance of difference between rated
factors. This is also a statistical method which calculates a value that determines the
significance of the difference in results. The interpretation of two sample t-test
resulted in a priority order of factors. The test was conducted in terms of entire
sample and home countries to unveil the differences in consideration of students
from different parts of the world. Finally, two sample t-test was used to find out
whether country factors are relatively more significant than institutional factors or
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not. The analysis was conducted separately with different group of students who are
from different parts of the world in order to identify the distinctive features of each
group of students. All t-tests have been conducted with 5 % of significant level.

However, there were several factors that may lead to the inaccuracy of the case
study results. For example, the respondent sample may not represent entire popu-
lation of international students in Singapore. In addition, the given factors in each
theme may not represent all the possible options. Furthermore, some misunder-
standing of questionnaire content may also take place.

12.4 Survey Analyses

12.4.1 Demographic Information of Respondents

Respondents of case study are from various higher learning institutes in Singapore.
Table 12.1 shows the demographics of the respondents. A total of 234 survey

responses are collected. About 24 % of respondents are from public universities and
the majority of the rest are from private higher learning institutes. Also, the majority
of the respondents are from South East Asia and China which account for more than
60 % of total numbers of respondents. Few respondents are from countries like
Europe, USA, Australia, Japan, and South Korea too.

It can be seen from Fig. 12.1 that majority of respondents are from Bachelor’s
courses, and this is followed by master’s degree. On the other hand, the minority
are from diploma, PhD and foundation courses.

Table 12.1 Demographics of respondents

India China SE Asia Other Sum %

NUS 7 31 4 2 44 19

NTU 3 2 3 0 8 3

JCU 22 21 39 26 108 46

SIM 0 5 6 4 15 6

MDIS 0 0 2 3 5 2

PSB 4 7 4 7 22 9

NYP 0 3 5 0 8 3

Other 3 4 11 6 24 10

Sum 39 73 74 48 234 100

% 17 31 32 20 100
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12.4.2 References of Study Abroad Destination

The survey result in Table 12.2 shows that top 5 countries which are usually
considered for overseas education are USA, UK, Australia, Canada, and Singapore
(in order of top 1 top 5). The outcome is interesting. Singapore was the only Asian
country in the top 5 ranking.

12.4.3 Importance of Sources of Information for Prospective
Students

As shown in Fig. 12.2, we defined seven sources of information and classified into
2 groups:

1. Surrounding relationship: Suggestion from parent; former teachers; friends.
2. Personal experience: Information from Internet, promotion activities of higher

learning institutes such as Event and Advertisement, Suggestion of Agent.

Fig. 12.1 Respondents
according to course

Table 12.2 Countries considered for overseas education

Priority of choices

1st 2nd 3rd 4th 5th Total choices

USA (1) (2) (3) (4) (5) (6) = (1) + (2) + (3) + (4) + (5)

75 53 29 12 2 171

UK 51 53 39 14 5 162

Australia 47 41 42 13 3 146

Canada 14 11 13 15 7 60

Singapore 11 12 12 12 11 58
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Figure 12.2 shows that the majority of the respondents (more than 50 %) rated
information sources from internet, parents, and teachers as “agree” or “strongly
agree”. Meanwhile, most of them (45 %) are neutral, disagree or strongly disagree
with the importance of event, advertisement and suggestion of Agent by rating
these factors as ‘Neutral’. To prove the correctness of this interpretation, a statistical
method is used known as one sample t-test (significant level is 5 %) which also
gave the similar result as shown in Table 12.3.

Table 12.4 shows that the results seem to be similar when one sample t-test is
repeated with sub-sample of respondents coming from different part of the world,

Fig. 12.2 Importance of sources of information

Table 12.3 Sources of information one—sample test with test value = 3

t df Sig. (2-tailed) Mean difference 95 % Confidence
interval of
the difference

Lower Upper

Internet 12.976 233 0.000 0.701 0.59 0.81

Parents 10.924 233 0.000 0.671 0.55 0.79

Teacher 8.790 233 0.000 0.556 0.43 0.68

Friends 7.810 233 0.000 0.427 0.32 0.54

Event 3.490 233 0.001 0.197 0.09 0.31

Advertisement 3.140 233 0.002 0.175 0.07 0.29

Agent −2.282 233 0.023 −0.145 −0.27 −0.02
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such as China, Southeast Asia, India and others. “Agent” was the only factor that
can insignificantly influence students’ decision. This significance was tested for
each country for the factor “agent”, as follows.

Using two sample t-test to recognize the difference between each pair of factors,
the result shows that, in most of the cases, the difference between internet and other
factors related to students’ relationship is insignificant. However, the significant
difference comes from two groups of factors: “Internet, Parents, Teachers, Friends”
and “Advertisement, Event, Agent”. It also released the same result when testing is
repeated with personal country.

12.4.4 Importance of Country Factors

The country factors considered for the survey were: living condition, living cost,
safety, job and settlement, education quality guarantee, location, cultural similarity
and international experiences.

According to the Fig. 12.3, more than 60 % of students agree and strongly agree
that country factors are important for considering study abroad destination. Out of
234 questionnaires collected, 209 students (89 %) agree and strongly agree that
safety is the most important factor for them followed by living conditions, edu-
cation quality guarantee and job and settlement with each obtained 72, 68 and 66 %
of the total students respectively in “agree” and “strongly agree”. Only 53 % of the
students voted cultural similarity thus it was the weakest influential factor.

However, to ensure the correctness of result, it is necessary to use a statistical
method known as one sample t-test and the result revealed is as shown in Table 12.5.

The one sample t-test demonstrated that all factors mentioned above influence
the students’ decision to receive education in Singapore. Interestingly, among the 8
factors listed, safety is the most important factor for the students. According to the
test, it could be divided into 3 main scales according to the level of significant
impact in general:

• Strong impact: safety
• Intermediate impact: living condition, education quality guarantee, job and

settlement, international experience and location
• Slight impact: cultural similarity and living cost

Table 12.4 One-sample
test—agent with test
value = 3

Mean
difference

95 % Confidence
interval
of the different

Lower Upper

China −1.64 −0.40 0.07

Southeast Asia −0.041 −0.26 0.17

India −0.205 −0.53 0.12

Others −0.229 −0.51 0.05
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To elaborate, Chinese students highlight job and settlement opportunities as the
second most important reason in making their decision whereas students from
Southeast Asia prefer living condition and education quality guarantee as their

Fig. 12.3 Importance of country factors

Table 12.5 Country factors one-sample test with test value = 3

t df Sig.
(2-tailed)

Mean
difference

95 % Confidence
interval of the
difference

Lower Upper

Safety 27.958 233 0.000 1.333 1.24 1.43

Living condition 15.639 233 0.000 0.897 0.78 1.01

Education quality
guarantee

14.674 233 0.000 0.821 0.71 0.93

Job and settlement 13.040 233 0.000 0.803 0.68 0.92

International experience 14.432 233 0.000 0.803 0.69 0.91

Location 12.408 233 0.000 0.769 0.65 0.89

Cultural similarity 7.364 233 0.000 0.483 0.35 0.61

Living cost 6.544 233 0.000 0.466 0.33 0.61
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reasons. Besides, students from other countries (Europe, USA, Australia, Korea,
Japan, etc.) selected living condition, international experiences and convenience in
location as their most considered factors regarding Singapore education.

12.4.5 Importance of Institutional Factors

Figure 12.4 represents the distribution of respondents’ opinion in term of impor-
tance level of institutional factors, it shows that 61 % of students agree and strongly
agree that these factors are important for them to choose their study abroad desti-
nation. Interestingly, the institute’s program is considered as the most important
factor for students in making their decision. It is accounted for 74 % of the students
surveyed (total 174 out of 234 students voted “agree” or “strongly agreed”). The
second most important factor is the reputation of institutes in which 73 % of the
students agreed or strongly disagreed and this is followed by the factor, facilities,
with 150 out of 234 students voted (64 %). On the other hand, students seem to
least consider campus activities. Only 42 % of students agree and strongly agree
that it is important factor and 47 % of the students (109 students) voted “neutral”.
These factors are tested by using one sample t-test as shown in Table 12.6, to ensure
the correctness of results and their interpretation:

Fig. 12.4 Importance of institutional factors
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As oppose to the test result, all factors including Campus Facilities, Institutional
reputation, program content, academic activities, campus activities, tuition fees,
admission condition, and student service have an influence on students’ decision.
According to the result, program contents and institutional reputation are generally
the most important factors while other factors such as facilities, academic activities,
admission condition, tuition fees are also highly important but the last two factors
student services and campus activities are less important.

For Indian students, academic activities and institutional reputation are the two
most important concerns followed by program content. For Chinese students, next
to program content and institutional reputation, academic activities are important
factor whereas students coming from Southeast Asia and Others are more interested
in Campus facilities.

12.4.6 Overall Satisfaction for Studying in Singapore

The histogram in Fig. 12.5 shows the overall satisfaction of students on living and
studying in Singapore. Out of 234 students, there are 154 students who agree and
strongly agree that they are satisfied with condition in Singapore, making 66 % of
the sample size. 69 students, accounting for 29 %, are less satisfied in living and
studying in Singapore. Also, 11 respondents which accounts for around 5 % of the
total respondents chose “disagree” and “strongly disagree” on their grading of their
overall satisfaction.

Table 12.6 Institutional factors one-sample test with test value = 3

t df Sig.
(2-tailed)

Mean
difference

95 % Confidence interval
of the difference
Lower Upper

Program 19.002 233 0.000 0.910 0.82 1.00
Reputation 17.598 233 0.000 0.889 0.79 0.99
Facilities 12.925 233 0.000 0.684 0.58 0.79
Academic activities 12.599 233 0.000 0.684 0.58 0.79
Admission condition 13.038 233 0.000 0.645 0.55 0.74
Tuition fee 9.627 233 0.000 0.590 0.47 0.71
Student services 9.505 233 0.000 0.534 0.42 0.64
Campus activities 6.862 233 0.000 0.368 0.26 0.47
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12.5 Hypothesis Testing

Hypothesis 1: “Surrounding relationships affects more on students than stu-
dents’ personal experiences when students consider their study abroad.”
The case study unveiled that information from internet and suggestions of parents,
former teachers and friends mostly impact on students’ decision making process. In
most of the cases, the differences within these factors are not significant. On one
hand, to gather information from Internet is a personal research process that partly
reflects students’ personal experience. On the other hand, suggestion of parents,
former teachers and friend reflect the impacts of surrounding relationship.

Therefore, the case study result allows rejection of the statement “surrounding
relationships are more important sources of information than students’ personal
experiences when students consider their study abroad”. In fact, both surrounding
relationship and personal experiences has high influence on student’s decision
making.

Hypothesis 2: “Institutional factors are more important reasons than country
factors for students to decide on studying in Singapore.”
In general, both country factors and institutional factors are significantly important.
Two sample t-test (Paired sample test) was used to check if there is any significant
difference between country factors and institutional factors. In the test, the sum of
grade of eight country factors was compared to the sum of grade of eight institu-
tional factors as shown in Table 12.7. The result shows that country factors have
slightly greater impact than institutional factors.

Fig. 12.5 Overall satisfaction
in studying in Singapore
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Interestingly, the result achieved was same when repeating the test for each
country except for China. According to the data collected from Chinese students,
there was nearly zero difference between country factors and institutional factors
when they decide to study in Singapore. The case study results allow rejection of
the statement “Institutional factors are more important reasons than country factors
for students to decide to study in Singapore”. In fact, in the case of Singapore,
country factors are slightly more important than institutional factors for interna-
tional students to consider their study in Singapore.

12.6 Discussion

The case study information can be very useful in designing communication, aca-
demic and campus strategies for higher learning institutes in Singapore in order to
attract more international students and also to come up to their expectations.

In terms of communication strategies, according to the case study result, the
internet is the most important source of information; therefore, higher learning
institutes need to concentrate on this information channel. The information of
academic program and their application into the real workplace must be highlighted
at institute’s website, since this is the basic information, according to the research
result. Furthermore, the name of institute needs to appear in other well–known
academic and informative websites as well as in ranking list of the particular
program. The greater reputation an institute has, the more attraction could be cre-
ated. In fact, to achieve those ‘public relation’ effects, institutes have to devote
many efforts in research and getting involved in local as well as global economic
and academic life.

Last but not the least, to have a close relationship with alumni can enhance the
positive word about institutes. This also plays an important role in building insti-
tute’s reputation since students tend to be strongly influenced by their personal
relationship’s suggestions. In terms of implication for campus activities, the study
results suggest in designing attractive academic and campus activities.

Students usually expect to experience the real ‘Singapore life’ during their study
abroad journey. Hence, the academic curriculum of higher learning institutes in
Singapore should reconcile to the current local economic and social life.

Table 12.7 Country factor—institutional factors paired-sample test (paired differences)

Mean Standard
deviation

Standard error
mean

95 % Confi-
dence interval of
the difference

Lower Upper

Country-institutional 1.073 4.027 0.263 0.554 1.591
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Furthermore, institutes need to encourage multi-national teamwork and environ-
ment whereby students coming from different parts of the world are able to learn
from diversity of each other, so as to enhance cultural exchange and learning
process.

12.7 Conclusion

Singapore is coming up as one of the most favourite destinations for higher studies
and majority of students studying here are satisfied with their decisions. However,
the country is being challenged by other destinations such as USA, UK, Australia,
Canada as well as emerging destinations such as Japan, Korea and Hong Kong.

The internet and personal relationships are the most important sources of
information for students to consider their study destination. With respect to country
factors, safety is most important while living condition, education quality, job&
settlement opportunity, international experiences and location are also vital reasons
for student to choose Singapore as their study destination. As far as institutional
factors are concerned, program offered and institute reputation are most important
factors for most of the students followed by campus facilities, academic activities,
admission condition, and tuition fee.

Both country factors and institutional factors play a vital role for students to
decide their study destination, but in case of Singapore, country factors tend to be
slightly more important than institutional factors. Based on results of survey, higher
learning institutes and government in Singapore should concentrate more on using
Internet and alumni community for communication activities, and country’s specific
features as well as education quality and institutes’ reputation should also be
highlighted well. Furthermore, higher learning institutes in Singapore should pro-
vide a multi-national environment, and should design their academic and campus
activities that aligns to Singapore’s experience.

For further research, studies should concentrate on comparing competitive
advantages of Singapore higher learning institutes with competitors like Northern
America, Europe and Australia.
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Chapter 13
Automated Tutoring System

Abstract This chapter reports a new simulated smart learning environment, called
Mobile Collaborative Experiential Learning (MCEL). MCEL provides automated,
continuous, personalized, and formative feedback. Students interact with the sim-
ulated learning system via simple text messages using mobile devices in order to
change the state of the system to a desired state over time. In the process, students
engage in complex problem solving activities, and the system provides continuous
formative assessment to help the students achieve learning objectives. Unlike
conventional summative assessment approaches, students acquire set competency
levels during their journey to achieving certain goals while interacting with the
simulated system. MCEL allows instructors easily define learning journeys using
event-condition-action (ECA) rules and reliable structured-text parser. A pilot study
of MCEL is conducted and evaluated on a group of twenty Masters-in-IT students.
Their participation is observed and a survey is conducted. The evaluation results
show that MCEL supports Bigg’s constructive alignment in curriculum design,
contextualized experimental learning, and personalized formative learning.

Keywords Mobile education �M-learning � SOA 2.0 � ECA � Automated tutoring

13.1 Introduction

In science learning, a typical laboratory setup would expect students to replicate the
results of certain experiments done by previous scientists, such as creating oxygen,
setting up computer networks, and implementing software functions for sending
SMS messages. However, not all student projects can have clear and direct out-
comes to measure against the outcomes of students. For example, designing a more
fun and engaging interaction for an interactive product can be more challenging and
time consuming to assess. In both cases, however, the main challenges are stimu-
lating students, facilitating effective learning, extend learning beyond classrooms
within limited resources in the age of massification of education market.
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Researchers have been trying solve these challenges through flexible learning
(McInnis and Hartley 2002; Devlin 2012; Lefoe and Hedberg 2006) and blended
learning (Sharpe et al. 2006) approaches. Faced with new digital age generations
(Conole 2004), unprecedented network speed and mobile technology, education
researchers now frequently quote mobilized curriculum (Zhang et al. 2010), social-
interaction oriented learning (Ting 2013), personalized learning (Song et al. 2012),
and collaborative mobile learning (Boticki et al. 2013) in their studies. These pre-
vious studies suggest that mobile learning approaches can be used to create learning
environments that can stimulate students, facilitate effective learning, and extend
learning beyond classrooms by providing personalized learning more efficiently.

However, these studies have focused mainly on re-designing curriculums taking
advantage of mobile technology, and improving communication and access to
learning contents. In this paper, we focus on exploring how mobile devices can be
used to create collaborative experiential learning environment. We envision that
mobile learning can allow students to access simulated learning laboratories any-
where any-time through mobile devices, providing experiential and contextualized
learning in digital space, and formative assessment through continuous feedback
from the simulated lab. The objectives of this new research direction are to (a)
improve student engagement; (b) provide ownership of their learning journey; and
(c) provide experiential, contextualized and formative assessment at low cost.

To achieve these goals, Mobile Collaborative Experiential Learning (MCEL) has
been developed using design-based research approach (Brown 1992). MCEL
combines service-orientation design paradigm and context-free grammar parser to
provide easy to use curriculum development platform and natural-language-based
user interaction. Teachers can express learning contents and objectives using event-
condition-action rules and students can interact with MCEL using structured SMS
message. A pilot study was conducted to evaluate the effectiveness of MCEL. The
evaluation results show that MCEL is usable, students’ learning activity continued
beyond classes, students received feedback anywhere anytime, and they felt sense
of ownership of their learning journey.

The chapter is organized as follows. In Sect. 13.2, we overview the core tech-
niques for providing automated tutoring services. In Sect. 13.3, we describe
development of MCEL, pilot-study, and evaluation approaches designed based on
the literature review. In Sect. 13.4, we report the evaluation results. In Sect. 13.5,
we conclude the paper with remarks.

13.2 Background

This work is based on m-learning, collaborative learning, social interaction in
learning, mobile technologies, service-orientation design paradigm, and natural
language parsing. The following sections provide a brief overview of the core
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techniques, focusing on mobile learning for mobilized curriculum, formative
assessment, and enhancing social experiences.

13.2.1 Mobile Learning for Enhancing Social Experiences

One primary goal of educators is creating a harmonized environment where students
could construct their learning upon both physical and social contexts augmented on
the learning content. Therefore, social interaction is considered as the key advantage
and ingredient in the designs of mobile learning practices. In particular, some
researchers viewed that mobile learning could enable students to interact with peers,
teachers, and subject contents more efficiently and unobtrusively (Ting 2013).
Furthermore, Boticki et al. (2013) proposed that mobile-learning can provide effi-
cient collaborative learning environment to enhance in-class learning experiences.

Based on these views, researchers proposed a mobile-technology platform for
supporting collaborative learning in class and evaluated the platform in teaching
two Primary 3 subjects in class: Chinese characters and mathematics (Boticki et al.
2013). On the other hand, Ting (2013) proposed a curriculum design practice,
called interwoven learning interactions, for creating more socially interactive
learning environments.

13.2.2 Technologies for Automating Assessment

Now, over 87 % of the global population and 79 % of developing world’s popu-
lation has access to Simple Messaging Service (SMS) (ITU 2011). This perva-
siveness of mobile technologies has created both challenges Kneebone and Brenton
(2005) and opportunities (Coulby et al. 2011). As seen in previous sections, we are
still learning how to integrate these new technologies. In particular, we need to
develop platforms for designing curriculums, methodologies for re-designing
existing curriculums (Zhang et al. 2010), and automated methods for providing
formative assessments (Coulby et al. 2011). One particular technology that has been
proven to be intuitive and efficient in capturing and implementing business
requirements in business process automation is event-condition-action (ECA) rules.
ECA is the basis of event-driven architecture (EDA) pattern adopted by SOA
(Service-Oriented Architecture) 2.0 for more natural modelling of business pro-
cesses. ECA can be converted into Business Process Execution Language for Web
Services (BPEL) (Ouyang et al. 2006), allowing an easy migration between dif-
ferent modelling tools. BPEL is supported by major business process management
software and development tools (e.g., Eclipse IDE).

Formal language processing (Roche and Schabes 1997) has been proven efficient
and effective in processing structured languages, such as formulas and statements of

13.2 Background 173



programming languages. Its advantage over natural language processing (Manning
and Schütze 1999) is their reliability and accuracy, which are very important
usability aspects. Re-searchers can now build custom grammars using lexers and
parsers [e.g., ANTLR (Parr 2007)] defined using simple rewrite rules to automat-
ically process structured SMS messages.

13.3 Mobile Collaborative Experiential Learning (MCEL)
System

These previous studies suggest that m-learning can be used to create learning
environments that can stimulate students and facilitate effective learning by pro-
viding personalized learning more efficiently. However, these approaches mainly
focused on re-designing curriculums by taking advantage of mobile technology,
and improving communication and access to learning contents.

13.3.1 Methodology

MCEL is developed and evaluated using design-based research approach (Brown
1992). The initial prototyping is done using wizard-of-oz prototyping, in which
human instructors simulate the automated system using structured instructions and
rules. After the usability and technical feasibility problems are addressed, the
system is implemented on an Android tablet. Figure 13.1 shows the overall system
diagram of MCEL, which is a simulated lab running on an Android tablet. It can
continuously interact with students in order to deliver personalized assessment via
simple text messages. The learning script is formulated based on Event-Condition-
Action (ECA) paradigm. An Android tablet with Android OS v3.0 is used to host
the simulated lab. ANTLR (Parr 2007) is used to generate simple lexer-parser Java-
code for our structured SMS messages.

For the evaluation, a learning script for two questions was prepared. Students
are told that an automated system will guide their learning by interacting with
them through simple text messaging services. Survey questions are designed based
on previous mobile education studies done by Nokia in 2008. Three sets of
questions are selected from the question set used by these previous researchers as
shown in Table 13.1: (1) User-friendliness, (2) Technical feasibility, and (3) Cost
effectiveness.

Survey results are plotted on a stacked bar chart in Fig. 13.2. This chart shows
that most of the participants viewed MCEL useful (user-friendly both in learning
and technical accessibility) and cost effective.
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Fig. 13.1 Mobile Collaborative Experiential Learning (MCEL) System

Table 13.1 Survey questions designed on the perceived usefulness, usability, technical feasibility,
and cost effectiveness of students

Question no. Questions Avg.

Student user-friendliness (5-point Likert scale response: (1–Strongly disagree, 2–agree, 3–Neutral,
4–agree, 5–Strongly agree)

U1 It was easy to use the equipment in this mobile learning course 4.14
U2 This mobile learning experience was fun 4.29
U3 According to my experience I would take another mobile learning

course if relevant to my learning needs
4.43

U4 I would recommend mobile learning as a method of study to others 4.29
U5 Mobile learning increases the quality of e-learning 3.86
U6 Course learning objectives can be met by mobile learning 3.43
U7 Communication with and feedback from the tutor in this course was

easy
4.29

U8 Mobile learning may be convenient for communication with other
course students

4.14

Technical feasibility (5-point Likert scale response)

T1 Navigation through the mobile learning course was easy 4.14
T2 For mobile learning to be effective it is necessary to use graphics and

illustrations
4.57

T3 Evaluation and questioning in the mobile learning course was effective 4.14
Cost effectiveness (5-point Likert scale response)

C1 Mobile learning increases access to education and training 4.00
C2 The cost of communicating in the mobile learning course with the tutor

and other students was acceptable
4.00
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13.4 Experimental Results

Figure 13.3 shows sample text messages being exchanged between MCEL and
students. Some students sent replies even at midnights, clearly showing evidence of
their interest and engagement. Out of 22 participants, 6 students completed the
questionnaires. Table 13.1 and Fig. 13.2 shows the survey results, which demon-
strate that most of the participants viewed MCEL useful: user-friendly in terms of
both learning and technical accessibility and cost effectiveness.

The following comments made from the participants also illustrate that MCEL
could provide new learning experiences. In particular, students felt that they can
take the learning on their own personal pace:

It is really useful to do answers in our own convenient time & it was new and attractive to do.

Sometimes, type in the correct format is not easy, when the wrong format sending, the cost
has already happened, but the communication is no useful this moment.

Typing answers with mathematical operators took time. But the experience was good.

The survey results and our observation suggest that MCEL supports Bigg’s
constructive alignment in curriculum design (Biggs and Tang 2011), contextualized
experimental learning, and personalized formative learning.

Fig. 13.2 Survey results plotted on a stacked bar chart. This chart shows that most of the participants
viewed MCEL useful (user-friendly both in learning and technical accessibility) and cost effective
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13.5 Conclusion

0We have identified a gap in the current literature and proposed a new approach for
providing more engaging teaching and learning model: continuous automated forma-
tives feedback extending beyond classrooms. The new model makes use of new
emerging mobile technologies to provide continuous personalized formative assess-
ments atmuch reduced cost. The proposedmodel can be supportedwithmany available
off-the-shelf systems allowing education institutions to create more engaging and
vibrant learning environment for diverse student groups at low-cost. The mobile
learning environment is even suitable for developing-countries, where no proper wire-
less network services are available.MCELcan beoperatedonconventional inexpensive
GSM mobile services to provide personalized learning experiences.
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Chapter 14
Application of ICT to Improve Rural
Livelihood in Vietnam

Abstract Education and access to information are important factors for improving
the livelihoods of rural communities and in the development of human resources in
developing countries. Conventional approaches to education via schools and other
government facilities, such as public libraries and post offices, are too slow to be
adopted widely by communities. Recent progress in telecommunications technol-
ogies has now opened new opportunities to accelerate the process at a much lower
cost. This has led to active research into community and telecentre based education
systems. The World Bank, UN, and UNESCO have supported such projects in
many developing countries, such as India, Bangladesh, and Vietnam in collabo-
ration with their governments. However, many rural telecentre models have been
conceived and tried but met with limited success. Many of the problems with these
models have been traced to the lack of proper understanding of ownership, influ-
ence, native social patterns and their impacts. We reviewed and compared rural
telecentre models that had been developed and studied over the last 10 years to
better understand the key social concepts. A new model was proposed and two year
pilot study was conducted. We report on the effectiveness and limitations of the
new model.

Keywords ICT � Rural telecentre � Information service � Socio-economic sys-
tems � Socio-economic applications

14.1 Introduction

About 70 % of the world’s people who make less than a dollar a day live in rural
areas (World Bank 2008). Therefore, improving the livelihood of rural populations
is considered crucial in improving the whole economy of many developing coun-
tries (Gollakota et al. 2012; de Janvry and Sadoulet 2010). Several studies have
suggested that education and information provision are important factors for
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improving the livelihoods of rural communities and in the development of human
resources in developing countries (Colle 2007; Sachs 2005; Verspoor 1989;
Lockheed and Verspoor 1991).

However, most developing countries do not have adequate resources to quickly
improve the livelihood of rural areas, leaving many people in extreme hunger and
poverty (Ahmed et al. 2007). Conventional approaches to education via schools and
other government facilities, such as public libraries and post offices are too slow to
be adopted widely by communities (Gomez et al. 2012). In addition, these
approaches are too costly, requiring heavy infrastructure investment, such as for
transport and adequate training and supervision of teachers. Recent progress in
telecommunications technologies has now opened up new opportunities to accel-
erate the process at a much lower cost (Carvin and Surman 2006). A recent survey
and pilot study by Gollakota et al. (2012) also suggested that ICT technology has
benefited rural communities in enhancing knowledge of farmers about agriculture
(e.g, crop cultivation).

Therefore, for over a decade, the World Bank, UN, and UNESCO have sup-
ported various telecentre projects in developing countries, such as India, Africa, and
Vietnam, in collaboration with their governments to improve education and access
to information in rural areas (Esterhuysen and Jensen 2001; Harris 2007; World
Bank 2008). For instance, we conducted a two year pilot study of rural telecentre at
communes in Vietnam under the framework of the project “Public Administration
Reform in Ministry of Agriculture and Rural Development (MARD)” from 2006 to
2008. However, not all telecentre models in the last decade have been successful.
Although the two years of implementation of information service models of the
MARD project helped improve the livelihoods and increase incomes in rural areas,
limitations of the current models were also observed.

Our analysis on existing information services and ICT programs suggests the
main problems have been the lack of proper models of social concepts, particularly
the following: ownership, influence (e.g., by peers), native social patterns and their
impacts (Gomez and Camacho 2009; Gush 2008; Warschauer 2003). For instance,
in a survey done in rural areas of Vietnam as part of our pilot study, the relevancy of
product price information to local farmers was not as high as we thought. This was
found to be due to the influences of traders, friends, relatives and neighbours.
Figure 14.1 shows the ranking of the local people’s need for information. The types
of information are not exactly the kind of information that we would normally
expect when considering the best practices of information providing models doc-
umented by Harris (2007) as shown in Table 14.1.

In this paper, we review rural telecentre models that have been developed and
studied over the last 10 years and compare them to better understand critical social
concepts that determine the success of ICT, telecentre, and information services
programs in rural areas. A set of key social concepts were identified based on the
best ICT and rural telecentre practices. A new information services model was
designed based on the identified key social concepts. A two year pilot study of the
new model was conducted in Vietnam using 13 rural telecentres, the web, internet
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80.56

22.71

21.04

30.07

2.71

66.32

33.61

1.Cultivation techniques

2.Animal-breeding techniques

3.Information on inputs for production

4.Price information of farm products

5.Document of laws and policies

6.Health-Education

7.Other

Fig. 14.1 The ranking of the farmers’ need of information in Vietnam

Table 14.1 Categories of information that telecentres deliver

Category Examples Source Delivery
mechanism

Generic
information

E-government, agricultural
extension, distance education,
e-commerce, e-health, news,
weather, etc.

Government and
national/regional
institutions

Institutional
partnerships

ICT-focused
information
services

E-mail, voice over IP, chat,
internet searches, word
processing, spreadsheets,
presentations, ICT training,
printing, photocopying,
scanning, newsletters etc.

Local Telecentre
owners, operators and
staff

Creative and
client-centric
entrepreneurial
activity at the
telecentre

Information in
support of
development
programs

HIV/AIDS awareness
campaigns, micro-and small
enterprise development
support, skills training,
micro-credit support, etc.

National/regional
development
initiatives

Pro-active
marketing of
Telecentres
among NGOs,
and INGOs

Locally-based
information

Local laws, poverty reduction
schemes, local NGO
activities, yellow pages, job
placement services, classified
advertisements, market
prices, bus schedules, doctors
and vets lists etc.

Local activists, NGOs,
community-based
organizations,
government offices,
social entrepreneurs,
volunteers, schools,
etc.

Community
outreach,
community
mobilisation,
local
networking
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forums, and online databases of agriculture, policy, and market data. Results
showed that operation of the telecentres were of practical use to farmers. 95.76 % of
the farmers said the telecentres helped them increase their income.

The paper is organized as follows. Section 14.2 provides the background and
context of the rural telecentre projects in Vietnam. In Sect. 14.3.1, we review major
national programs for rural telecentres that have been implemented or planned in
Asia and highlight common characteristics. In Sect. 14.3.2, we review various
telecentre model developments and lessons learned from their success and failures.
In Sect. 14.3.3, we then present key effectiveness criteria of information service
models for farmers. In Sect. 14.4, we describe the two year pilot studies of new
rural telecentre model. In Sect. 14.5, we describe the assessment results of the new
information service model for farmers. We then conclude in Sect. 14.6.

14.2 Background

In year 2002, the emerging nation of Vietnam had at least 70 % rural population
engaged in agriculture production but contributed to only 22 % of the GDP.
Vietnam was facing the challenge of ensuring balanced social and economic
development within the process of its international integration. It was expected that
this process would have a direct impact on farmers, especially the poor. In order to
manage current and forthcoming challenges in agriculture, Ministry of Agriculture
and Rural Development (MARD) of Vietnam needed to make a commitment to
implement effective public administration reform with a view to helping Viet-
namese farmers take advantage of the processes of globalization as well as taking
necessary measures against the challenges that might arise during the process;
meeting the demands of the poor in rural areas.

Therefore, the UNDP had conducted two studies on farmer livelihoods in 2003
and 2004: Farmer Needs Study (UNDP VIE/98/004 2003; MARD 2003) and
Feasibility Study on Rural Pilot Telecentres for Farming Households (UNDP VIE/
02/016 2004) that revealed the plight of poor farmers and confirmed a need for
information to increase the quantity and quality of agricultural production leading
to higher incomes.

The main findings of the Farmers Need Study and Telecentre Feasibility Study
are as follows. The Farmers Needs Study (2003), under the Public Administration
Reform in MARD Project, identified problems faced by farmers in their efforts to
increase the size and quality of agriculture production, and the alternative ways to
support rural farming through public service delivery. The six-month Farmers Needs
Study conducted not less than 1,200 door-to-door interviews in 60 communes in 30
randomly selected districts that were engaged in crop cultivation, animal husbandry,
fishing and forestry. Among the key findings was that almost all farmers are poor,
having household incomes of VND 10 Million or less. The farmers voiced their
major problem as the lack of information to help them: control insects, rats and
fungus devastation; and increase the selling price of agriculture products.
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The 2004 ICT Feasibility Study took the form of a structured field survey of 20
randomly selected communes in 10 districts within 10 provinces across the nation,
over a period of 4 weeks. The ICT Study found that information on agriculture
output is most helpful to farmers; information is urgently needed for agriculture
production reform; and technical information on agriculture extension, animal
health and plant protection is urgent for farming communes. The ICT Study also
highlighted that the district and communal extension at present has limited capacity
to help farmers to resolve their problems and they themselves lack information and
technical knowledge. The deployment of ICT for poverty reduction is already
welcomed at three levels: commune, national and international.

The main findings of the two studies highlighted that the “information gap”
lowers farm incomes and production due to:

1. Price exploitation of farmers by middlemen, slaughter houses, and food
manufacturers;

2. Devastation of crops and animal husbandry by fungus, rats, insects and disease
thus lowering production volume and quality;

3. Inability to find long-term buyers to stabilize their incomes;
4. Inability to seek the best credit sources (80 % of farming communes borrows to

fund their agriculture production) thus paying higher interest rates and reducing
incomes;

5. Inadequate knowledge of agriculture marketing skills to increase sales volume;
6. Lack of forward production planning thus lower incomes;
7. Inability to increase crop yields and husbandry;
8. Inadequate knowledge of agriculture extension to help farmers;
9. Outdated and non-specific training from agriculture extension;

10. Untimely and sporadic TV broadcast of agricultural information.

Following these studies and based on the positive results from the first period of
reform in Vietnam, the MARD Macro Management Project in support of Public
Administration Reform proceeded with assistance to MARD in rationalizing the
institutional structure between the MARD and Departments of Agriculture and
Rural Development. All the reform activities were being implemented with a clear
objective of enhancing the capability to provide farmers with public services and
better agricultural extension services.

This project paid special attention to the use of IT and media technology with the
purpose of enhancing the capability of the MARD to liaise more effectively with the
province level and commune level, specifically for the benefit of farmers who are its
target customer. The project had built on the results arising from the first period of
reform, specifically the five-year plan of Administration Reform which was made
for MARD and an earlier comprehensive survey on farmers’ needs in Vietnam
(MARD 2003).

It was expected that this project would strengthen institutional capability and
enhance the capability of officers who work at the MARD, especially in order to
execute an activity plan on administration reform for the Ministry (in the period
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from 2006 to 2010). In this context, the project had a specific mission to assist
MARD’s administration reform efforts in several sectors which received prefer-
ential treatment in the activity plan.

UNDP had given its support to Vietnam in the Public Administration Reform
from the very beginning. In addition, the Royal Netherlands Embassy in Hanoi had
also supported this sector for some time, starting with pilot projects in Quang Binh
Project (UNDP 1997) and in Hai Phong project (UNDP 1998). It was notable that
UNDP acted as the coordinator to create favourable conditions for planning
coordination, especially for the proposals for administration reform being made in
close collaboration between the MARD and the Ministry of the Interior.

The objective of the project aimed at:

• Enhancing the capability of MARD in the rationalization of the organization
structure at the central and regional levels with the purpose of meeting the
demand for the provision of improved public services in agriculture.

• Enhancing institutional capability as well as that of officials working for key
departments directly under the MARD in the implementation of the activity plan
for administration reform in the period from 2006 to 2010.

• Assisting in the implementation of “Developing a strategy and applying IT
technology in the State administration management” with the purpose of
enhancing the effectiveness and prestige of the industry.

• Contributing to the strengthening of administration reform management capa-
bility by sharing information about solutions and necessary tools with other key
administration agencies.

To avoid past mistakes of ICT, telecentre, and information service projects and
to improve upon, a new information service model was needed. By reviewing
information providing models serving for farmers in Vietnam, we identified that the
main problems were the lack of proper models of social concepts, particularly the
following: ownership, influence (e.g., by peers), native social patterns and their
impacts according to our analysis on existing information services and ICT
programs.

Before the establishment of telecentre model funded by Macro Reform Project-
Ministry of Agriculture and Rural Development, there had been several information
providing models mainly serving for farmers.

• Commune cultural post office is the project of Vietnam Posts and Telecom-
munications Group. Large-scaled system fully equipped by postal industry is
considered the advantage of this model. The main objective of this model is to
develop posts and telecommunications network to each commune, provide
newspapers, magazines and connect the Internet. However, commune cultural
post office places do not provide information on special demand of each com-
mune or attract local people.

• Thanh Nua information centre takes the lead in the information centre project
and is one of the development support programs sponsored by Action Aid
Vietnam in Lai Chau Province. People visiting this centre for information must
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fill in the Paper of Information Requirement covering contents such as name,
address, date and required information. The centre staff search for the required
information stored in the CDs. Clients can read the information on the com-
puters or pay 200 VND for each printed paper. The centre also establishes
groups of the same interest so that people can exchange experiences and
knowledge together. However, operation of this centre does not closely link to
agriculture—farmer support offices of Vietnamese government.

• VNCG is an electronic portal aiming at collecting, providing and exchanging
information between state offices, schools and donors, which contributes to
socio-economic development and hunger eradication and poverty reduction in
Vietnam. VNCG provides information and knowledge, helping policy makers,
businesses and ordinary people easily access. VNCG is connected to Global
Electronic Portal to get information and share experiences with other countries
in the world. One of the disadvantages of VNCG is not having a strong
mechanism for receipt and reply of diversified information required by ordinary
people. Therefore, effectiveness of VNCG is not high when considering the
certain area with specific socio-economic conditions and information demand.

• Quotation system and market information is the component of Tea and Fruit
Development Project with loans from Asian Development Bank (ADB) to
invest in tea and fruit processing and commercial activities for improvement of
farmers’ income and agricultural product value as well. The objective of this
system is said to be limited.

• www.agroviet.com.vn is one of the websites of Ministry of Agriculture and
Rural Development which provides information of agriculture and rural
development. This website is built up and maintained by computing centre
ICARD (Agriculture and Rural Development Information Centre before). Peo-
ple accessing this website can send requirement/feedback. ICARD is responsible
for replying. Sometimes, ICARD also receives some orders of foreign agricul-
tural products. However, until now, there have not been any mechanisms for
delivering these orders to relevant people. What ICARD can do is to collect
information and post them on the website.

• Developing information system in the provinces is one of the activities in Trade
Promotion Program—Ministry of Agriculture and Rural Development. Since
2002, the system of market information has been added to Trade Promotion
Program—Ministry of Agriculture and Rural Development and expanded to 07
provinces including Lao Cai, Bac Giang, Nghe An, Dak Lak, Binh Dinh, Vinh
Long and Can Tho. In these provinces, the program has provided money for
training agricultural staff on skills of Internet using and market information
collecting and processing. These staff implement the contract by visiting the
markets or purchasing enterprises to collect the price market information of
several specific products in each province. Then, the information is transferred
to relevant people of Provincial Department of Agriculture and Rural Devel-
opment, processed and posted on the website www.agroviet.gov.vn. Since
October 2003, the market information system has changed according to Trade
Promotion Program. The Program has limited the number of products needed
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market price information to 1–2, they are fruit and green vegetables. Moreover,
the Program has funded the systems for 09 provinces in the South. All of the
collected information is delivered to ICARD and updated on the website www.
agroviet.gov.vn, broadcasted on Vinh Long television then. Now, the system is
operating efficiently.

In short, it could be said that there exist some basic disadvantages of information
providing models serving for agriculture, farmers and rural area before telecentre
foundation:

• These models provide information through a website; therefore, they do not
meet continual demand on specific information of each locality, business or
individual;

• Except commune cultural post office places, the system of facilities at each
locality (commune level) is not fully equipped. Therefore, it is difficult to meet
daily demand;

• There has not been a strong link between these models and the system of offices
supporting agriculture—farmers at province and district levels yet.

Therefore, telecentres in the Macro Reform Project—Ministry of Agriculture
and Rural Development were built on the spirit of learning strength and weakness
of existing models. Particularly, on the extent of information and management,
telecentres at commune work closely with local government. Furthermore, on the
extent of meeting information demand, telecentres are located at commune so that
they can provide specific information which is related to local demand.

Telecentre establishment was also based on successful experiences of telecentre
network development in several countries with the same socio-economic conditions
in rural area as Vietnam, for instance, India, Sri Lanka, Bangladesh, Philippines, etc.

14.3 Rural Telecentre Models

To avoid the past mistakes and improve upon, a new rural telecentre model was
designed based on several past studies, by reviewing major national programs for
rural telecentres, various telecentre model developments, and lessons learned from
their success and failures.

14.3.1 National Programs for Rural Telecentres in Asia

The first community telecentre was opened in Vemdalen, Sweden, in 1985 and the
concept rapidly spread to other European countries (Rose 1999), Africa (Fuchs
1997), Latin America (Galperin 2005), and Aisa (Best and Kumar 2008). UNESCO
has been active in the Multipurpose Community Telecentre (MCT) area since 1996
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(Rose 1999). Several countries in Asia are proceeding with national programs for
telecentres, mostly aimed at delivering information and communication facilities to
their rural populations who, for the most part, represent the majority of the poor
people in the country. Such programs are under way in India, Nepal, Pakistan,
Malaysia, Bangladesh, Sri Lanka, and the Philippines. This section briefly describes
these.

14.3.1.1 India

“Mission 2007” (Swaminathan 2007)—Every Village a Knowledge Centre. Mission
2007 is a national alliance for access to ICTs for all India’s 600,000 villages. It is
targeting 100,000 Telecentres, each to serve six villages on average. The organizers
of Mission 2007 recognize that it would be impossible to create a single,
top-down telecentre model and deploy it nationwide. The success of the diverse
initiatives in India has already proven that different communities require different
solutions. Mission 2007 participants have agreed to accept their various differences
and approaches; rather than argue one method is better than others, they plan to
encourage villages to embrace the telecentre model most suited to their needs
(Carvin and Surman 2006).

14.3.1.2 Nepal

From the same initiative, “Mission 2007” (Swaminathan 2007), the “Nepal-Mission
Swabhiman” program was set up to target 1,000 Telecentres for 1,500 villages by
2010. The Tenth Five-Year Plan of the National Planning Commission of the
Government of Nepal positions Telecentres as the medium for all development
communication activities for the country. Mission Swabhimaan is a multi-
stakeholder partnership of government ministries and agencies, international
development agencies, donor agencies, non-government organizations, civil society
organizations, academia, and private companies. It intends to create a knowledge
revolution in rural Nepal to further meet the country’s poverty reduction strategy
and on the international level to meet the Millennium Development Goals.

14.3.1.3 Pakistan

The Government of Pakistan is planning for 10,000 Telecentres to be established in
the rural areas of the country (Salman Ansari Technology Consultants (Pvt) Ltd
2006). The program intends to reduce the digital divide in Pakistan by extending
low-cost computer hardware running localized Urdu language content to every
village in Pakistan. This will help the fruits of technological advancements, starting
with basic access to telecommunications, to reach poor and underprivileged
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communities across Pakistan, where the government has adopted a Universal
Service Policy with the goal of preferably one Telecentre for every 5,000 people, or
at least one Telecentre for every 10,000 people.

14.3.1.4 Malaysia

The government of Malaysia is implementing a program to install a Telecentre in all
927 mukims (local government districts) (Ministry of Rural Development 2001;
Bashir et al. 2011). To ensure that the public has access to e-services provided by
government, Telecentres have been set up in rural and urban areas by the Ministry
of Rural and Regional Development, the Ministry of Energy, Water and Commu-
nication, the Ministry of Information, the State Government and the Local
Authority. The Ministry of Rural and Regional Development has the Infodesa
Project. The Ministry of Energy, Water and Communication is collaborating with
Pos Malaysia, Telekom Malaysia, and the MSD group of companies (Kementerian
Tenaga, Air dan Komunikasi) in setting up Rural Internet Centres (RICs). There are
around 50 RICs throughout the country, all located at post offices where people
congregate to pay utility bills and conduct other business. Members of the RIC can
use the computer and Internet facilities for free. Each RIC has a website containing
information on topics that are of interest to the local communities, such as health,
agriculture, fisheries, tourism, arts and culture, security, entrepreneurship, local and
national news, and local history. The RICs also conduct regular workshops to train
the local community in the use of computers and the Internet.

14.3.1.5 Bangladesh

The government of Bangladesh has established “Mission 2011” to set up the
Bangladesh Telecentre Network (BTN) (Raihan 2007) consisting of 40,000 Tele-
centres across the country by the 40th anniversary of the country’s independence in
2011, so that every villager could have access to livelihood services through ICTs.
The work is carried out by six task forces, responsible for Telecentre policy
(advocacy), capacity building (peer-to-peer learning), locally relevant content
development, technical support, resource mobilization and knowledge sharing.
Each of the task forces will be led by an organization of repute with member
organizations helping to implement the activities.

14.3.1.6 Sri Lanka

The Sri-Lankan government, with the support of the World Bank has established
the E-Sri-Lanka program (ECDL Foundation 2002) that includes more than 350
Telecentres, known as Nenasalas, to disseminate knowledge and share information
through the Internet, with the goals of poverty reduction, peace building, economic
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and social development and improving the IT literacy rate of the country. The
government aimed to set up 1,000 Telecentres by the end of 2008. A majority of the
Telecentres follow the community-based model, whereby the centres are estab-
lished in a central place such as a temple, public library, or community hall. They
provide services including high-speed Internet access, e-mail, telephone, computer
training classes, and other ICT-related facilities. Content relevant to rural people is
available in Sinhala and Tamil languages. Many of the centres are located at
Buddhist temples.

14.3.1.7 Philippines

The government has a program for “Jumpstarting the e-Local Government Unit
Project (e-LGU)” which includes 100 Telecentres (Teresa and Camba 2004). It is
intended to enable LGUs to adopt computerization by empowering them with
technology and applying the benefits of ICTs to local governance toward an
improved quality of public service, increased transparency, greater accuracy and
reduced processing time in local government transactions. This is expected to
translate into better delivery of public services and to increase public access to
information and services. The LGUs will establish interactive citizen-centric web
presences and will set up community Telecentres. In summary, it is evident that
each of these national programs displays some common characteristics:

1. Pilots: They all arose following pilot schemes (Caspary and O’Connor 2003;
Dossani et al. 2005; Harris 2001). In some cases, these were government ini-
tiated; in other cases, they were initiated by civil society organizations and/or the
private sector. In all cases, the pilots provided examples and learning of how to
achieve desirable developmental outcomes with Telecentres. Moreover, the
multiplicity of these pilots, combined with the accumulation of knowledge
arising from the national programs that have sprung up from them, means that
countries that have not yet proceeded to implementing a national program can
learn from those that have and can, therefore, skip most of the pilot activity that
the earlier countries went through.

2. Multi-sectoral partnerships: All the national programs consist of a mix of
stakeholders, including, for instance; government ministries responsible for
telecommunications, information, rural development, and agriculture, private
sector organizations in the telecommunications industry, and civil society
organizations working for poverty reduction and rural development. Often, the
programs are supported by one or more international or bi-lateral development
agencies.

3. High-level sponsor/champion: National programs for Telecentres usually draw on
direct support from the highest level of government. This may entail the formation
of a national body under the country’s top leadership. Such an approach is
required in order to achieve the level of cooperation, collaboration, and coordi-
nation of the various partners involved in bringing telecommunications and useful
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information to the rural poor. It also serves to galvanize public interest in the
program and to motivate participants toward a harmonized cause.

4. Co-ordination among government ministries: Under the high-level sponsor, it
has always been necessary to create mechanisms to facilitate the correct level of
inter-ministry coordination, which is never easy.

5. Multiple models of Telecentres: Against a background of diverse local condi-
tions and disparities among the sponsoring organisations behind the pioneer
Telecentre initiatives, most national Telecentre programs accept that there is no
single model of Telecentre organisation to fit all situations. Accordingly, various
models are being promoted simultaneously, with a mix of support structures for
each.

6. Training staff: Large numbers of Telecentres require a large number of staff with
specific skills, and formal training programs are necessary to achieve this. In the
case of India, a dedicated national academy has been created to train Telecentre
managers and operators.

7. Networking: National programs are promoted within networks of stakeholders
as well as an overall Telecentre network, which may consist of regional or
provincial networks. This facilitates sharing of resources and experiences, as
well as the implementation of common standards for operational performance
and service delivery.

8. International links: There now exist some international structures that foster
Telecentre development, including national programs. These include the Global
Knowledge Partnership, the Asia Telecentre Forum, and Telecentre.org. All the
national programs have benefited from involvement with these institutions
through opportunities for learning and sharing ideas.

9. Connected to national development goals: All national programs for Telecentres
are driven by national development imperatives, sometimes stated as achieving
the Millennium Development Goals, or as components of national poverty
reduction strategies. Embedding Telecentre programs within such frameworks
affords the essential validation of the programs as well as the criteria for
assessing their impact.

As national Telecentre programs have all emerged from pilot projects, it is useful
to emphasize that scaling up from a pilot project to a national program entails more
than the mere replication of the pilot (Binswanger and Aiyar 2003; Alvord et al.
2004; Uvin et al. 2000). According to Telecentre.org, seven things are needed to
scale up from pilot Telecentres to national Telecentre programs (Barbara Fillip and
Foote 2007):

1. Flexible, responsive, and innovative social investment mechanisms to support
the establishment of new Telecentres at the grassroots level.

2. Well-packaged, easy-to-replicate community services for Telecentres, such as
telemedicine, remote learning, financial remittances, and e-government.

3. Simple, proven social enterprise models that Telecentres can use to generate
community impact and financial revenue.
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4. Flexible, ongoing training and support for hundreds of thousands of grassroots
technology activists around the world.

5. Low-cost, easy-to-implement Telecentre technology platforms, including
affordable and stable internet connections for rural areas.

6. Networks and partnerships that help good ideas travel far and wide—and help
the Telecentre movement reach a global scale.

7. An enduring commitment to Telecentres and other grassroots technology ini-
tiatives from all sectors: governments, businesses, development agencies, and
communities.

14.3.2 Telecentre Model Development and Global Lessons
Learned

14.3.2.1 Rural Telecentre Models

Several Telecentre models have emerged over the past 10 year period of rapid
growth around the developing world (Colle 2001). The chief characteristic of a
Telecentre that determines the type of model it will follow is its ownership. Harris
(2007) and Barbara Fillip and Foote (2007) defines five basic models for Telecentre
ownership:

1. Civil society: the majority of Telecentres are non-profit, operated by Non-
Government Organisations (NGOs). While they are quite often able to develop a
close relationship with their community, funding is usually fragile and the scope
for wider partnerships in support of a variety of information services is often
limited.

2. Academic/research: Telecentres that take the form of action research.
3. Government: Telecentres that are initiated by a government or government

agency, such as libraries, schools, and government agencies (ministry respon-
sible for telecommunications, or it may be a ministry of agriculture, information
or rural development or some other specialised ICT agency). They may or may
not aim to achieve sustainability/profitability on an individual Telecentre level.

4. Private sector: For-profit Telecentres (e.g., (Kiri and Menon 2006; Kuriyan et al.
2006)), such as Phone shops, Public Call Offices (PCOs), and corporations to
assist their primary suppliers (e.g. providing agricultural support). Agricultural
activities are found most often in for-profit Telecentres.

5. Hybrid franchise model, involving two or more of these: These are set up to
scale up to large numbers of Telecentres.
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14.3.2.2 Applicability of the Various Models of Telecentres

Other than ownership, the choice of Telecentre model depends on other factors,
including local circumstances (Graziella Cardoso Bonadia et al. 2008), particularly
the extent to which the host community is able to support the centre financially. The
poorest locations, often the most remote, will have the least resources to support a
Telecentre, but may have the highest claim for the benefits that a Telecentre could
offer. Accordingly, Telecentre models sit on a spectrum from wholly commercial at
one end to wholly subsidized at the other (Barbara Fillip and Foote 2007). In most
cases, operational Telecentres are hybrids that sit somewhere in between these
opposites. One consideration which often determines where Telecentres are located
between these ends of a spectrum is the extent to which telecommunication services
and connectivity are considered to be a public good that merits government funding
or a private service that should be provided by the market.

Telecentres that can be classified along this spectrum exhibit differing charac-
teristics based on how close they are to each end of the spectrum. Those that are
closer to the market-supported model are likely to remain financially healthy in the
longer term, but they tend to focus more on revenues than on public services. On
the other hand, Telecentres that are more socially oriented usually exhibit financial
weaknesses that make their long term existence more questionable. In some
countries, it can be observed that the Telecentres that began in positions more
towards the outer ends of this spectrum are moving closer towards the middle, and,
as their numbers increase, the main task that has emerged is to manage Telecentre
programs in such a way that they are able to deliver on both sides of the equation,
that is, maintaining robust finances at the same time as delivering essential public
services to their host communities. The term social enterprise model is emerging to
describe this form of Telecentre operation.

14.3.2.3 Best Practices of Rural Telecentre Operation

Despite the variety of organisational models for Telecentres, experiences over the
years have given to rise to a few best practices that are found to be more or less
universal. Barbara Fillip and Foote (2007), Harris (2007) identified twelve best
practices as follows:

1. Development orientation (e.g., a poverty alleviation focus).
2. Local community involvement in design and implementation: the community

should be the primary stakeholder.
3. Marketing and community engagement: must market its services among its

intended audience if it wishes to make an impact on local development.
4. Accessible premises: location greatly affects accessibility and the use of facil-

ities in Telecentres.
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5. Partnerships and Networking: involve all stakeholders in the community:
community leaders, community organizations, schools, health centres, agri-
cultural extension agents and input suppliers, and local cooperatives.

6. Robust and appropriate technology solutions should be driven by the decisions
made about what type of information services it will provide.

7. Locally relevant content and applications (the information) to the community.
8. Enabling ICT policy and regulatory environment scaling up to a more wide-

spread deployment of Telecentres.
9. Capacity building of the people deploying and maintaining it and Telecentre

users (e.g., the community leaders).
10. Role of local champions and telecentre/kiosk operators for sustainable man-

agement of telecentres.
11. Business/Sustainability plan to raise funds and obtain other kinds of support

needed to start and sustain the operation.
12. Continuing evaluation involving all stakeholders for policy adjustment and to

implement improvements.

14.3.3 New Rural-Telecentre Model Based on the Social
Model

The characteristics of telecentre ownership models, best practices, and national
programs are the accumulation of the decades of knowledge that have shaped ICT
model development and planning in Asia. Therefore, they form the basis of the
effectiveness criteria of rural telecentre models. Table 14.2 lays out the key effec-
tiveness criteria of rural telecentre models. These were then used to design,
implement, and evaluate a new model for providing information to farmers based
on their needs in the pilot of the MARD telecentre project at communes in Vietnam
from 2006 to 2008.

14.4 Two Year Pilot Study of the Social Rural-Telecentre
Model

The pilot of 13 rural telecentres (RTs) at commune level was designed as a sub
component of the “Support to Administration Reform at MARD” Project and later a
sub component in the MARD Macro Management—Support to the Administration
Reform (2006–2010).
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14.4.1 Project Objective

The pilot’s objective was to identify “an appropriate model which was technically
and financially sustainable and capable to provide farmers with information sup-
porting production development and income improvement”. The specific outputs of
the sub-component include: (i) the current situation of communes participating in
the pilot reviewed; (ii) 13 RTs at commune level in 10 provinces belonging to 8
eco-agricultural economic zones established; (iii) enhanced capabilities of local
staff participating in the pilot; (iv) information resources developed; (v) information
channels and dissemination forms developed (vi) results, impacts of the pilot
assessed and proposals for replication. During the 3 years pilot period, 13 RTs came
into sustainable operation and introduced benefits for the local community.

By the end of pilot period, the Project Management Unit (PMU) decided to
recruit a local contractor to carry out a final external assessment of the initial results
and impacts of the pilot. This assessment was under the supervision of an inter-
national consultant who was experienced in RTs in the region and worldwide. After
being provided with facilities and enhanced institutional capability, the RTs have
come into operation and have accomplished significant results over the two year
pilot period.

Table 14.2 The key effectiveness criteria of rural telecentre models based on telecentre ownership
models, best practices and national programmes

Category Criteria

Telecentre ownership
model

The ownership model is positioned on a spectrum where it is wholly
commercial at one end and wholly subsidised at the other

Telecentre best
practices

Development orientation
Information focus
Local community involvement in design and implementation
Marketing and community engagement
Accessible premises
Partnerships and Networking
Robust and appropriate technology solutions
Locally relevant content and applications
Enabling ICT policy and regulatory environment
Capacity building
Role of local champions and telecentre/kiosk operators.
Business/Sustainability plan
Continuing evaluation

National telecentre
programme

Pilots
Multi-sectoral partnerships
High-level sponsor/champion
Co-ordination among government ministries
Multiple models of telecentre
Training staff
Networking
International links
Connected to national development goals
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14.4.2 Facilities of Rural Telecentres (RTs)

Arising from the survey it can be seen that the facilities in most of these centres
were comparatively good.

14.4.2.1 Office Centre

All the centres were spacious, commodious, near the market, and convenient for
people to use the service. Some centres were arranged separately, independently
from the People’s Committee headquarters. These centres were usually located in
the centre of cultural communities. Due to the limited condition of the commune,
some centres have placed their offices in the People’s Committee head quarters, the
area of which was not as large as that of the centre Thanh Binh, Tien Giang
Province (about 15 m2).

However, in some of these villages whose centres were considered as part of the
People’s Committee, their office centre in the People’s Committee were relatively
large, for example, the centre in Dong Tho village, Thai Binh province was
approximately 50 m2 in area. For the centre of Tan Lap village, Binh Phuoc
province, a part of the office centre with 40 m2 in area, in order to serve the needs of
studying the computing of cadres as well as people in the village, the People’s
Committee has arranged a classroom which is available to set up 30 computer units
to meet the purpose of negotiating between the centre and the Farmers to open a
computer training class.

These centres had a large area which serves the needs of the people with their
demand for accessing computers, reading materials and newspapers. From the
practical implementation, setting the centres in the People’s Committee is not
suggested because this might be intimidating for some people. However, after the
period of pilot operation, these centres were considered to be a part of the People’s
Committee and the offices located in the People’s Committee are working well.

14.4.2.2 Machinery, Equipment

In addition to the initial machines equipped in the project, the centre has so far
owned the computer systems with high-speed internet connection (ADSL) which
worked so well and each centre was complemented further 02-03 computers.

According to officers in the centres, during the operation they may sometimes
encounter problems with machines and software, but these also have been pro-
cessed in time to serve the best needs of the people. Compared to the time of
establishment, the configuration of the computer at the centre is high enough to
meet the requirements of the activities of the centre. However, with the develop-
ment of information technology at present, the computer centres must be upgraded.
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14.4.2.3 Organizational Structure During the Implementation
of Project

There has been participation at all levels from central, province, district and
commune level. At central level, the Central PMU was established to manage the
whole RT nationwide. There also has been participation of officers from a number
of key Departments in organizing and implementing the project, including: Central
Coordination Group (including 09 officers from Departments, Centres, heads of
Division under Departments), Central Support Group (comprising of 6 officers at
Division level, experts from units under MARD: MARD Office, Department of
Science and Technology, Department of Planning, National Agricultural Extension
Centre, Informatics and Statistics Centre) and groups of coordinating officers of the
Ministry (civil servant from departments, institutions, schools, centres under
MARD). The participation of officers from MARD played a significant role in the
success of the project, coordinating RTs at various geographical regions and areas,
unifying activities of RTs, as well as creating a seamless communication channel
from Central to unit. National Execution Procedures have benefits during the
implementation of the procedures such as planning, preparing financial reports,
progress reports, training for officers. However, in a bid to spreading the project,
central levels must concentrate on issuing guiding documents at macro level, and
detailing regulations and forms for all RTs nationwide. Simultaneously, it should
issue regulations to encourage the development of centralized information sources
(such as the establishment of a national data base on Agricultural and Rural
Development), which would result in easier accessibility to information for farmers.

The organizational structure during the implementation of the project is illus-
trated in Fig. 14.2.
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Fig. 14.2 1 Directions of central PMU, 2 directions of regional PMU, 3 operation reports of RTs
to regional PMU, 4 regional PMU report to department and provincial people’s committee, 5
regional PMU report to district’s people committee, 6 cooperation of RTs with agricultural
extension and plant protection stations, as well as collaborators, 7 financial reports of RTs to
central PMU, 8 provision of information to farmers
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As shown in Fig. 14.2, the level of interest varied among the provinces or to be
more exact, among individuals. The officers above concurrently hold many posi-
tions whereas the obligations of each position are not well defined. Therefore, for
further implementation, the responsibilities of provincial and district level officers
must be clearly defined in order to optimize current resources of RTs, especially in
terms of providing information resources to farmers.

14.4.3 Assessment Method

In order to draw lessons learnt for effective, sustainable and actionable recom-
mendations for replication of the model, a final external assessment of the results
and impacts of the RTs was conducted based on the guidelines of (Whyte 2000;
Harris 2007; Barbara Fillip and Foote 2007) and the initial assessments (MARD
2003). Specifically, the assessment objectives to be addressed were:

• To assess the appropriateness and performance (relevance and impact) of the
RTs against the expectations specified in the project documents.

• To draw lessons learnt from these pilot RTs; or/and;
• To make specific and actionable recommendations with a view to bringing into

play the stronger points and limiting the weak points, thereby facilitating a wider
replication of the mode in broader manner.

Basically, the key objective of the Assessment is (1) to take into consideration
appropriateness of RTs model after 3 years pilot period and (2) assess the results
and impact of the RTs in supporting production development and income
improvement for local farmers (3) to make specific and actionable recommenda-
tions for a wider replication of the model.

In reality, it has been a quite a long time since the design, building and
implementation of such RTs were carried out. Therefore, it is essential to carry out
such an assessment of the appropriateness of the RT model. The local contractor
must assess the appropriateness of this model in accordance with (1) policy and
incentives of Vietnam Government and sponsors and with (ii) the current situation
in rural Vietnam.

Additionally, it is vital to consider the existing results and impacts of the RTs;
among the fundamental issues to be researched by the independent consultant is:
what is the level of effectiveness of the project objectives, the benefits that local
farmers enjoy, and the positive changes after the implementation of this project etc.

Factors that influence both negatively and positively the sustainability of the
pilot model were specifically researched. Furthermore, it was required to perfect a
model for wider replication in the future by making an evaluation and analysis on
the institutional and financial aspects, and the participation of competent authorities
at different levels and the local people to ensure the long term existence and
effectiveness of the RTs.
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14.5 Assessment Results of the New Telecentre Model

At the completion of the two years of the pilot project, a survey was conducted to
see the changes in the ways that farmers searched for information, before and after
the establishment of the rural telecentre (RT). Figure 14.3 shows the numbers of
clients directly coming to RTs for information collection by genders, up to the
middle of September 2007. Figure 14.4 shows that due to the convenience of the
RT, the previous ways of accessing information, such as by word of mouth,
decreased significantly. Moreover, the local people became more active by going to
the RT to access the internet, read materials, and participate in the agricultural
technical trainings held by the RT’s staff with agriculture officers and the farmers’
association.

According to data from the survey, 95.76 % people said the RT has helped them
increase their income as shown in Fig. 14.5. The improved income may vary but
generally the RT has had a practical effect on people. Thanks to the information
provided by the Centre Office, farmers can apply the experiences and technical
science to enhance cultivation and production productivity as well as avoid the
negative consequences caused by natural disasters and epidemics.

The data also shows that there are 65.69 and 29.93 % of those questioned feel
satisfied or very satisfied respectively with the quality of the services provided by
the RT as shown in Fig. 14.6. Only a small number of people are still not satisfied
with the service quality of the centre (2.64 %). Explaining their opinions of feeling
less satisfied, the surveyed subjects indicated the following reasons:

1. As for localities in the process of restructuring agriculture sector, especially
those re-organizing their crops and raising animals, farms and fast developing
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farm households (Dong Tho Commune, My Loan), there is a great demand for
information for the farmer. In fact, whilst sources of information provided by the
Centre Office are diversified, they did not match with the actual needs for
information for the farmers. Therefore, the information provided by the Central
Office needs to be in more detail, making it easier for people to understand and
apply.

0.00

10.00

20.00

30.00

40.00

50.00

60.00

70.00

80.00

90.00

100.00
Before having the center After setting up the center

Before having the center 63.19 25.63 54.38 8.19 45.42 33.47 0.97 

After setting up the center 95.21 20.00 20.76 40.42 46.04 55.69 33.96 1.18 

1.From the 
Telecenter

2.By word 
of mouth

3.From 
newspaper

4.Radio/T.V 
at home

5.From 
internet

6.Officials 
from center 

7.Officials 
from local 

8.Other

Fig. 14.4 The ways to search information before and after the establishment of rural telecenter

3%

38%

39%

18%
2%

1.Not at all 2.Slight increase 3.Considerable increase

4.Significant increase (blank)

Fig. 14.5 Percentage of farmers having income improvement with support of rural telecentres

1% 2%

65%

30%

2%

1.Not at all 2.Lowly 3.Satisfied 4.Highly satisfied (blank)

Fig. 14.6 Level of satisfaction of farmers with services at rural telecentre

14.5 Assessment Results of the New Telecentre Model 199



2. Although the strength of the RT is the usage of a network connection, allowing
access to information, the number of the accessed internet addresses is small
compared with the available online resources. The Centre Office focuses only on
a few websites such as www.mard.gov.vn; www.khuyennong.gov.vn; www.
agiviet.com.vn to obtain information on production and animal husbandry. As a
result, the information sources are limited and monotonous. There was little
general information regarding market prices, people health and policies of the
state compare with the actual needs of the people;

3. Some RTs have not coordinated closely with the local agencies and organiza-
tions, so its information sources are limited. The announcement of policies and
guidelines of the local government reached the farmers more slowly than other
information channels (such as local radio);

4. Information of the Centre Office has not been sufficient and unable to meet the
informationdemandof the farmers, especially for poorpeoplewhonot able to access
other information channels. The Centre Office should print more leaflets on various
information fields in order to provide more information to farmers and at the same
time update information to catch up with actual demand in a timely manner.

Although some people feel less satisfied with the service quality of the Centre
Office, in general, most people (96.62 %) feel satisfied and highly appreciate the
operational effectiveness of the Centre Office. The RT has practical meaning for the
life of the people (especially farmers). Since the establishment of the RTs, people
gain technical cultivation and breeding knowledge and market prices more quickly.
At the same time, the Centre Office has organized training on computer skills to
local people. Before the RT was established, farmers were unable to find answers
for their questions, but since the RT has come into operation, the needs of the
people have been met, although not completely, but compared with the reality,
people have partly feel satisfied, especially, the RTs also had a positive influence to
people of some neighbouring communes in the region.

The RTs have made a considerable contribution to the development of the local
socio—economic situation. People felt very satisfied with the quality of information
received from the RTs.

The achievements of the rural telecentre model can be summarized as:

• Telecentres are effective in seeking and propagating information on production
and cultivation techniques to local people, helping them gradually change tra-
ditional production practices. Also, market prices are provided, helping farmers
avoid being forced in terms of price and minimizing risks incurred by epidemics
calamity and market changes;

• Telecentres help local people update their socio-economic, education and legal
information and contributing to their improved awareness and livelihoods;

• Telecentres are successful in changing the awareness of local people in project
communes, showing them the usefulness and effectiveness of information
technology to normal life. Many families have purchased computers and con-
nected them to the internet and shared information with telecentres and the
neighbourhood;
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• Telecentres form a 2–way information channel that both provide information on
production techniques to improve production conditions and increase income,
while collecting responses and feedbacks of farmers to relevant authorities.
Telecentres are a really useful tool for local authorities in administrative
management;

• Telecentres have offered several services which help develop information
knowledge and awareness in rural areas (informatics training and internet access
etc.), creating opportunities for rural young labourers to get access to new
knowledge, and training informatics for staff of local authority staff which
contributes to improved administrative reform at communes.

14.6 Conclusion

Access to information technology is vital to improving the livelihoods of rural
communities (Badshah et al. 2005; Proenza 2001). It can help save time in the long
run and save costs, benefiting not only the agriculture sector, but also the economy
of the whole nation, increasing incomes and production efficiency for farmers and
urban dwellers. However, to be successful, ICT projects for community support
require deeper understanding of social concepts. Earlier models, such as commune
cultural post office, information centre, electronic portal, quotation system, and
market information, mainly focused on providing information through a website.
These earlier models did not meet continual demands for specific information from
each locality, business or individual. This can all be traced back to some aspects of
misunderstanding of the interactions between users and computing systems. The
key effectiveness criteria of information service models were aimed at solving these
problems and at developing a new model for providing information to farmers in
the MARD telecentre project. The results show that the new model was effective in
guiding project managers to develop an ICT system for farmers.

After 2 pilot years, the rural telecentre model has not only been successful in
providing market and production technique information to producers, but also
helped to improve awareness of leaders and the community on benefits of infor-
mation in the economic integration period. Results of the review show that oper-
ation of telecentres is of practical use to farmers (62.50 % of those interviewed said
telecentres are very useful). More importantly, the new information service helped
95.76 % of the farmers increase their income. This strongly indicates that the new
information service model was effective in addressing the shortcoming of the
previous approaches.

Despite the above mentioned major achievements, the telecentre model also has
several limitations. Under Vietnam’s current circumstances, scaling up of this
model to a national scope necessitates some conditions which are not universal to
rural areas in Vietnam. Disadvantages of the telecentre model are identified as:

In financial terms, it is obvious that current telecentres, including those with very
good operation like Dong Tho’s and Eaphe’s, for the time being, cannot live on
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their own. This is mostly because socio-economic and education conditions in rural
Vietnam are not developed enough for fee based services to be provided. Also, the
financial arrangements for maintaining the current telecentres in the coming years
are not an easy task.

In terms of staff, the current workforce of telecentres are working quite well
because they have been selected and trained thoroughly. However, maintaining this
force in the coming times, especially when the project ends its financial support,
will be difficult.

Regarding institutional arrangements, in this model, the commune level are
showing greatest enthusiasm and dedication. The role of the district level remains
unclear. In the structure of the local project management unit the provincial level
has only one member. This official, in most cases, is only a staff of the provincial
Department of Agriculture and Rural Development. But in reality, the provincial
level has a very critical role in co-ordinating and arranging responses to questions
from telecentres and in arranging budgets for telecentres from now on. In the whole
system, this is the most “vulnerable” link which needs consolidating.

At central level, the role of the central level support team remains limited. The
forum in MARD’s website, in theory, could have been an important support to the
telecentres. However, the forum has failed to utilize its advantages as there have
been very few discussions so far. This is because of the lack of a mechanism with
commitments and monitoring strong enough for members of the team to increase
their spirit of responsibility and self-awareness in their mandate to work for
telecentres.

Among the limitations, sustainability is still the main remaining issues as in
previous projects (Best and Kumar 2008; Mayanja 2001; Proenza 2001). However,
the rapid penetration of cell-phone networks in developing countries (Badlani 2012)
is closing this gap fast.
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Conclusion

Over the last 25 years, the social and development economists, development spe-
cialists, bankers, fast moving consumer goods (FMCG) corporations and political
scientists from the developed world have set their eyes on the emerging markets.
Their focus is based on economics, international development, business, or political
reasons. While some of these observers may have despised the rise of emerging
markets, others have embraced it, but none has ignored it.

Given that more than half of the world population resides in the BRIICS, one
could not help but wonder what is the next wave of consumer technologies coming to
these countries? And how these countries will influence the inventions and inno-
vations of the next wave of technologies?Who would have thought that Alibaba.com
from China would be the world’s largest ever initial public offering of US$21.8
billion? Some commenters have described their business model as one that combines
Paypal, eBay, Amazon and Google. Do you know that, just behind the US, Indonesia
is the country with the second largest number of Facebook users, and followed by
India? From this, we can see that the world is leaning towards the emerging markets.

The authors have little doubt that the three pillars of technological growth are
health, education, and financial services. Co-incidentally these three pillars form
parts of the millennium development challenges. This means that development
grants for research and capacity building in health and hospitals, education and
schools, and financial services and payments are forthcoming. This, in turn, leads to
increased consumption in the emerging markets. Also, the trajectory growth of new
technologies is determined by the rise of the middle class.

The policymakers of both developed and the developing countries should be
aware of the technology trends and their interdependence with the emerging mar-
kets. Technology skills and knowledge should be taught at all education levels.
Teachers, medical doctors and nurses, and bankers should be tech savvy to keep up
with the technological changes at their workplace. With the use of mobility solu-
tions from banking to health to education, it is high time the costs of financial
services, health services and education services be reduced.
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The world is ever-changing in an unpredictable way amidst many strands of
market forces at play. Some of these change patterns are obvious while some are
subtle. This book presents a glimpse of the emerging markets driving, and being
driven by, emerging technologies.
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