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Abstract 

 

Governments in developing countries and their donors waste a significant 

amount of resources on non-sustainable initiatives in the name of development.  

Educational expenditure is no exception. For example, vast sums are wasted on 

technology-enhanced educational interventions that are not sustainable due to a 

variety of factors including lack of appropriate resources, non-acceptance by teachers, 

poor training, politics and cultural taboos. This thesis considers the problem of 

selection of a sustainable learning technology intervention (LTI) for a typical 

developing country. The thesis develops a unique decision framework for undertaking 

such a selection by combining ‘soft’ and ‘hard’ decision analysis techniques. The 

selection problem is modelled as a multi-criteria decision making problem (MCDM), 

and a combination of the Future Search Conference Technique and the Analytic 

Network Process (ANP) is used to develop a decision tool for selecting the most 

sustainable LTI for a developing country. The decision tool was applied in a 

developing country where multiple stakeholders including teachers, educational 

administrators, key government officials, representatives of donor agencies, and 

leaders of non-governmental organisations and their implementation partners 

participated. Detailed analysis was conducted of the individual opinions of various 

stakeholders followed by a quantitative analysis of their opinions using the ANP. 

Interesting differences emerged representing the diverse viewpoints of the various 

stakeholders.  Finally, the responses were combined using the geometric mean 

approach, and a collective decision response for this community was generated. The 

analysis revealed that of the various LTIs considered like use of mobile phones, 

MOOCS, and online tutoring, school on wheels was the most sustainable LTI in the 

collective opinion of all the stakeholders.  

 

Search terms: Sustainability, Sustainable Development, Learning Technology 

Interventions, Multi-criteria Decision Making (MCDM), Analytic Network Process 

(ANP), Future Search Conference. 
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Chapter 1: Introduction 

 The successful development of a nation is tied to the literate ability of its 

populace. In general, a better educated citizenry is better able to develop and advance 

its society. For this reason, nations invest heavily in education and learning projects to 

improve the advancement of their societies. Despite these investments in education, 

global illiteracy remains high. This can be attributed to the selection of unsustainable 

educational projects for implementation. In order to improve education levels, it is 

necessary to select the right learning projects for implementation. A simple decision 

tool which assists stakeholders in selecting the most sustainable learning projects for 

implementation will therefore prove invaluable. 

1.1 Research Significance 

Education is a basic human right [1, 2]. Governments the world over spend 

sizeable proportions of their gross domestic products (GDPs) on education [3]. 

However, with the global economic slowdown, they may no longer be able to 

maintain the pace of these investments and it becomes even more imperative that any 

learning projects undertaken are fully sustainable to completely reap the rewards of 

their investments [4-6]. Since conventional schools are not accessible to everyone, 

other investments in non-conventional education programmes and specific learning 

interventions are made to ensure access to education for all. Various learning 

technology interventions (LTIs) have been proposed to make learning easier, faster 

and more accessible to all. However, if the proposed LTIs are not sustainable in the 

contexts in which they are implemented, the objective of these projects, which is to 

eradicate illiteracy, will not be achieved. However, if a decision tool exists which can 

be used by stakeholders to determine which learning technology projects are most 

sustainable, significant savings can be accrued and the goal of eradicating illiteracy 

will come within reach. 

1.2 Research Objective 

In this research, several learning technology interventions (LTIs) will be 

identified and a framework will be proposed for selecting the most sustainable LTI. 

The main objectives of this research are: 
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1. Identification of the learning technology interventions (LTIs) which have 

been used in literacy programmes worldwide. 

2. Identification of the most important criteria to be considered in selecting a 

sustainable LTI. 

3. Developing a framework linking the criteria to the LTIs and applying this 

framework to determine the most sustainable LTI. 

4. Gaining an insight into the decision making characteristics of stakeholders 

in the fields of education programmes and LTIs. 

5. Proposing a simple decision tool which can be used by stakeholders in 

education, government and other concerned sectors to assess the strengths 

of proposed LTIs bearing in mind their specific circumstances to aid in 

making rational judgements on which projects to pursue. 

1.3 Thesis Organisation 

Chapter 2: Literature Review – this chapter introduces some important concepts and 

provides a background on which the rest of this study is based. It reviews in turn 

sustainable development, learning technology interventions, group decision-making 

techniques which can be used in a selection process and modelling techniques for 

providing a solution to the problem. 

Chapter 3: The Analytic Hierarchy/Network Processes – this chapter introduces the 

modelling technique of the Analytic Hierarchy Process and further explains the 

Analytic Network Process (ANP) which was used to model the problem. 

Chapter 4: A proposed methodology – this chapter explains in detail the framework of 

the study. It describes the steps undertaken which were taken in creating, validating 

and implementing the model.  

Chapter 5: Design of the study – this chapter describes the steps of the study and 

explains the parameters which form the input to the ANP model. 

Chapter 6: Results – here, the results of the study are summarised. 

Chapter 7: Case studies – in this chapter, the case studies of the different experts in 

implementing the ANP model was presented. 
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Chapter 8: Conclusion – this chapter concludes the study, describes its limitations and 

suggests directions for further research. 
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Chapter 2: Literature Review 

In this chapter, an introduction to sustainable development in the context of 

education and learning is presented. This is followed by a description of learning 

technology interventions which have been used in various literacy programmes 

worldwide culminating in a selection of ten learning technology interventions to be 

investigated further. The final section describes various modelling techniques which 

may be used to solve a decision making problem. 

2.1 Sustainability and Sustainable Development 

Sustainability and sustainable development are the buzzwords of the 21st 

century.  Proposals for funding of development and research initiatives would do well 

to include these terms or risk being thrown out [7]. Whilst the concept of 

sustainability has its roots in the environmental awakening of the 19th century, the 

first recorded use of the term "sustainability" was in Edward Goldsmith's "Blueprint 

for Survival" published by Houghton in 1972, about the unsustainability of the 

industrial way of life [8, 9]. 

There is no universally acceptable definition of “sustainability” or 

“sustainable development”. However, the most widely used definition is that by the 

United Nation's World Commission on Environment and Development (otherwise 

known as the Brundtland Commission report) which defines sustainable development 

as "development that meets the needs of the present without compromising the ability 

of future generations to meet their own needs"[10]. Despite the wide usage of this 

definition, it is by no means universally accepted by all in the field of sustainability. 

In fact, some even go as far as to argue that it is impossible to agree on a common 

definition of the term and this broadening of scope has increased its appeal and cross-

industry applicability [9, 11]. 

Although sustainability is traditionally an environmental concept, its 

principles have wide applicability. Considering the common meaning of the word 

“sustainable” as it refers to something which can be maintained over time, and can be 

continued into the future; for the purpose of this research, sustainable learning can be 

viewed as learning which is maintained or improved over time. However, with 
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increasing global challenges, it will no longer be sufficient to merely maintain 

learning at a certain level; rather, learning will have to improve at a rate which at least 

equals the growing challenges.  

As this study aims to provide a method for selecting a sustainable learning 

technology intervention for development, it is imperative to provide a clear, 

unambiguous definition which can serve as a reference throughout. A sustainable 

learning technology intervention (LTI) is therefore defined as one which has the 

capacity to enhance learning today and in the future. In order to assess LTIs on this 

standard, both present benefits and future benefits need to be taken into account. 

2.2 Learning Technology Interventions 

Learning technology refers to the “broad range of communication, information 

and related technologies that can be used to support learning, teaching, and 

assessment” [12]. This definition covers a broad spectrum including electronic-

learning, mobile-learning and its associated technologies (e.g. mobile phones, 

personal digital assistants (PDAs) and dedicated educational mobile devices), wired 

and wireless technologies (e.g. desktop computers, laptop and tablet PCs), cloud 

computing, educational radio and television programmes. This study shall consider 

learning technology interventions which can be used by primary school-age pupils. 

This encompasses the age range from 5 to 11 years [13, 14]. A wide variety of 

learning technology interventions can be used by children of this age, ranging from 

handheld devices like mobile phones, multi-media players and personal digital 

assistants (PDAs) to in-class technologies like desktop and laptop computers and even 

home educational radio and television programmes [15, 16]. Of these, mobile phones 

and educational radio and television may prove to have wider reach to disadvantaged 

children due to the widespread availability of mobile and radio networks in even the 

remotest parts of the world [17-21]. Following is a commentary of some learning 

interventions for primary education which have been utilised in various parts of the 

world. 

2.2.1  Educational radio.  

Radio has proved an effective medium for communicating with large 

audiences even in the remotest locations and has potential for continued use in 
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literacy development [1]. Various radio educational programmes have been launched 

targeting primary-grade pupils to help them acquire literacy, numeracy and life skills 

[22-25]. Compared with conventional classroom instruction, radio is particularly 

effective in reaching displaced people, communities who reside in remote locations 

and nomads who move from place to place [1, 17, 23, 24, 26]. It has also been shown 

to improve test scores in the absence of textbooks and reducing the achievement gap 

between rural and urban students [6, 27]. The advantages of its relative low-cost and 

broad reach have been successfully harnessed by USAID and UNESCO in 

broadcasting education programmes for primary grade pupils in several countries 

around the world including Malawi, Nigeria, Pakistan, Haiti and Honduras [17, 25]. 

For example, in the 2008 USAID Malawi project, 30-minute radio programmes were 

broadcasted twice daily to first-grade classrooms using the Malawi Broadcasting 

Corporation. The programmes were designed by the Malawi College of Distance 

Education (MCDE) based on the national curriculum and required the participation of 

teachers and pupils in various classroom activities and exercises. The programme was 

hailed as a success because of its innovative way of teaching and the potential to 

reach millions of children. However the main challenges to successful implementation 

of an educational radio programme have been identified as the time constraints of 

broadcasts as well as the problem of charging radio units in rural areas which may 

have poor or no access to electricity [25]. To overcome the problem caused by poor 

power supply, USAID introduced “Freeplay” Lifeline radios which can be charged 

either using an attached solar panel or by hand cranking [25, 28]. Other instances of 

where educational radio has also been used to supplement classroom instruction are 

found even in developed countries like the United States where radio programmes 

were complemented by a free teachers’ manual [22]. 

Besides the problems of time constraints and poor power supply, high 

broadcasting costs and the lack of a dedicated model for one-way audio instruction 

have also been identified as impediments to the successful implementation of radio 

education [25, 26]. Until recently, there have been few changes in educational radio 

leading to its eventual decline in the face of strong competition from television [22]. 

Some of the subjects taught on radio programmes include literacy, numeracy, 

social and health education in UNESCO’s Nigeria Nomadic education programme; 

music, art, science and social studies in the United States; and even maths and life 
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skills in the USAID Somali Interactive Radio Instruction Programme (SIRIP). These 

programmes have used daily and weekly radio instruction to reach large audiences 

[17, 22-24]. 

2.2.2  Educational television. 

With the introduction of the television, it has been possible to complement 

audio instruction offered by radio with visual instruction in educational television. 

Although television is not as widely accessible as radio, where available, it can reach 

very large audiences and has significant potential for literacy development [1].  

Television and video which are a widely used instructional resources show 

that children can learn from viewing and interacting with video and television as 

documented in a report by the Metiri Group [29]. It has been shown through cognitive 

research that children – while viewing – observe, interpret, and coordinate all the 

information in the video to make their own personal sense of what is being 

communicated. The report cited examples of programmes such as Sesame Street and 

its audience of preschool children and showed that viewing the programme was 

positively associated with vocabulary and letter and number recognition. Children 

who watched more Sesame Street prior to entering school were rated by their teachers 

as better prepared for school (e.g., greater verbal and quantitative readiness, better 

attitudes toward school, and better relationships with their peers) and this observed 

effect persisted over time with 15- to 20-year-olds who watched it as pre-schoolers 

also observed to have significantly higher grades in high school English, math, and 

science. These set of students also had more positive academic self-esteem and a 

better attitude toward academics. Versions of Sesame Street adapted for children in 

other countries like Mexico, Portugal, and Turkey was also reported to have similar 

results.   

School children in formal school settings were documented to learn from new 

forms of television and video that enrich understanding. The research on a product by 

Vanderbilt University called Jasper Woodbury showed that middle school students 

viewing a story in an interactive video format recalled more information than those 

reading a text version of the story. Jasper was designed to connect mathematics 

content to problem-solving situation which is a process that enhances transfer. 

Students taught with Jasper performed better on word problems—and significantly 
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better on sub-scores of planning problems than students in control classrooms. The 

power of television and video for learning can be harnessed by engaging students 

visually, cognitively, emotionally, socially, and civically in facets of the academic 

content so as to increase complexity, depth, and breadth of experience to improve 

student academic performances.  

Despite the element of distance between the instructor and learners, research 

suggests that Educational television is at least as effective as face-to-face instruction 

[30, 31]. Educational television programmes have been successfully implemented for 

language instruction in Mexico, for literacy education through same language 

subtitling (SLS) in India and have been shown to improve test scores in preschool 

children when utilised prudently [1, 32-38]. Educational television has been 

implemented in teaching subjects like literacy, maths, science and life skills using 

mainly half-hour television shows [39-43]. 

2.2.3  Mobile phone applications. 

Mobile learning (M-learning) is a subcategory of electronic learning (or E-

learning) which involves the use of a mobile device to disseminate educational and/or 

training material for learning purposes [44]. This is accomplished through the use of 

mobile phone applications (or apps for short) which are computer software that run on 

mobile phones. Educational mobile apps therefore refer to those types of apps which 

can “teach” or otherwise facilitate learning on mobile phones. There is an abundance 

of mobile phone apps for different functions and the area of educational apps is one 

which is currently receiving significant attention [45]. Although there is no agreed 

definition of M-learning possibly due to its ever evolving nature, it is useful to restrict 

it to learning on devices which can be carried in a pocket or handbag [46, 47]. 

M-learning has featured as a popular learning technology in a recent survey of 

learning technology educators and trainers particularly due to its broad reach, 

versatility – as the same mobile device can be used to learn vocabulary, improve 

numeracy and undertake assessments – portability – as learning is not restricted to any 

particular place or time and relative affordability [48-52]. The preponderance of 

mobile device learning over other forms of learning technologies can be attributed to 

the steady growth in mobile device acquisition due to falling retail prices and 

breakthrough improvements in their features and capabilities in the forms of 
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increasing storage and processing power as well as shrinking size and weight. 

Consequently, there are over 5 billion mobile phones in the world today, with mobile 

phone acquisition steadily outpacing that of personal computers such that there are 

now more than three times as many mobile phones as PCs [53-55]. M-learning’s 

distinctive characteristics offer it the following unique advantages as documented by 

Attewell [49] in a recent M-learning project with disadvantaged European youths for 

the London-based Learning and Skills Development Agency: 

 Helping learners recognize abilities and improve literacy and numeracy skills. 

 Encouraging independent and collaborative learning. 

 Helping learners identify areas where they need assistance and support. 

 Combating apprehension to ICT. 

 Making learning fun by removing formalities and thereby raising interest 

levels. 

 Encouraging focused learning. 

 Raising learner self-esteem and self-confidence. 

Besides dedicated educational software running on mobile phones, it is also 

possible to use mobile phone short message service (SMS) to enhance learning. SMS 

has been used to promote English, Italian and Welsh language learning in different 

locations around the world by delivering daily or weekly lessons [49, 52, 56-61]. 

Notwithstanding its numerous prospects, M-learning is neither suitable for all 

learners nor is it compatible for use in all situations because literacy learning on 

mobiles is limited by various factors paramount of which is the functionality of the 

mobile phone; for instance their small screens and keypads make them cumbersome 

for reading or entering large amounts of text [50]. Besides the hardware constraints of 

small screens and keypads, M-learning faces additional challenges in the forms of: 

interoperability between devices and systems as learning material designed for one 

system may not operate on another (e.g. material designed for Symbian operating 

system may not operate on Android), availability of mobile network, as well as the 

risks of theft, loss and damage from viruses [49, 50, 52, 62]. As a result of these 
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limitations, M-learning devices and their materials have to be designed bearing in 

mind a particular learning objective (e.g. numeracy or vocabulary) and the 

peculiarities of the specific platform on which it operates.  

After overcoming the hardware and software constraints, even the perfect M-

learning device will fail to achieve its objective without the support of stakeholders 

like learning institutions, teachers and the students themselves. Apprehension to new 

technology would have to be overcome and adequate training and support provided to 

those who are to deliver and use the M-learning devices in order to facilitate their 

uptake [63]. Although mobile phone apps can be used to facilitate literacy, numeracy 

and language learning amongst others, it has been increasingly stressed that they do 

not eliminate the need for an instructor/teacher, but rather they should be viewed as 

instructional tools [52]. Another challenge facing M-learning is the fact that it is 

currently being implemented within the pedagogical framework of traditional school 

learning despite its having some radically different qualities. Merely transferring 

material developed for a traditional classroom into a different framework such as 

remote learning is simply not effective [64]. Consequently, there have been calls for 

the development of a theory of mobile learning to take into account congruencies and 

differences between the two learning systems [63, 65].  

In the context of sustainability, for mobile phone apps to be effective as a 

learning technology intervention, they would need to be able to run on the most basic 

and cheapest mobile phones. Paradoxically, it is the more advanced (and consequently 

more expensive) mobile phones which can support greater numbers and variety of 

apps and therefore be more effective learning interventions. However, as literacy 

programmes may be unable to fund even the lowest priced mobile phones for learning 

[1, 66], in order for learning through mobile apps to be sustainable, it is desirable that 

the apps be able to run on the cheapest, least sophisticated and most user-friendly 

mobile phones which can be provided by literacy programmes. 

2.2.4  Dedicated educational mobile devices. 

Other than learning on the traditional mobile phone, it is also possible to 

design dedicated devices for learning. A custom mobile learning device might be 

equipped with a visual display, a text input, mass storage and the ability to play audio, 

video and record sound. This custom educational mobile device could equip the 
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learner with several hundred e-books and educational videos and games to facilitate 

learning [16, 49]. Where wireless telecommunications networks are available, the 

mobile learning device could also be used to complete assessments (in the form of 

quizzes) and deliver feedback [49].  

Dedicated mobile learning devices have been successfully used with children 

in literacy programmes in underserved populations of India and Latin America 

allowing learners to perform series of small learning tasks several times a day [16, 67, 

68]. Although dedicated educational mobile devices hold significant potential for 

providing illiterate children in remote areas with some form of education, some 

considerations need to be borne in mind before launching such a project. For instance, 

the mobile learning devices would need to be user-friendly (such that children can use 

them with minimal assistance), fun and engaging (to encourage frequent use) and 

besides all, affordable by literacy programmes [1, 16, 50, 67]. A major challenge 

facing the use of mobile learning devices is the problem of lack of standardisation of 

the content delivered against any particular curriculum  and also problems associated 

with measuring the learning which takes place [63, 65]. 

2.2.5  Ubiquitous learning. 

Ubiquitous learning (U-learning) is a type of learning which utilises 

ubiquitous computing technologies to facilitate learning about anything, anywhere 

and at any time [69]. Ubiquitous computing technologies refer to groups of computing 

devices (usually microchips) which sense from the environment and exchange that 

information with other sensors over a network [70]. Ubiquitous computing 

technologies therefore have the advantage of receding into the background which 

encourages learning by “immersion” and learning by doing which have been proposed 

as the best methods of learning [71-74]. In the U-learning environment, learners are 

totally immersed in, and active participants of the learning process allowing the 

technology to sense and supply learners with required information instantly [72, 73, 

75, 76]. Learners are also able to form interactive relationships with one another, and 

with the technology and the environment which further promotes active learning [44]. 

A further advantage of U-learning is the preference of students for this “real-world” 

type of learning [77-79]. In addition, U-learning exhibits high levels of mobility (ease 

of moving around) and embeddedness (memory and other storage) making it highly 

convenient for learners [76, 80]. 
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A major challenge of U-learning is the absence of a methodology to be used 

by trainers for designing learning activities to gain maximum benefit from ubiquitous 

technology [81]. U-learning has been implemented with grade-school children in 

Taiwan, Singapore and England and also has uses in game-based learning for primary 

grade children [82-86]. 

2.2.6  School on wheels. 

Mobile schools are a recent phenomenon where learning is transported to 

children in remote locations instead of requiring them to congregate daily at “normal” 

schools. The mobile school is particularly useful where populations are sparsely 

distributed over a wide area and the provision of conventional schools to serve 

everyone would be economically unfeasible. A variation of the mobile school may 

involve a teacher travelling on a school bus to collect pupils on a particular route who 

are then taught either on the bus or in some central location [87-89]. Alternatively, the 

mobile school could serve as a supplement to traditional schools by providing lessons 

and materials in subjects such as ICT or laboratory science for which it would be 

expensive for each school to have its own fully equipped facilities; examples of this 

are found in the Ilm-on-Wheels project in Pakistan [90] and the Science-on-Wheels 

project in the United States [91]. The mobile school could visit selected communities 

or schools a few times a week to deliver services which would be otherwise 

inaccessible to students. They are therefore better able to access greater numbers of 

students over a wider geographical region than immobile conventional schools [91, 

92]. Mobile schools are also a useful starting point for communities with no previous 

educational history or system, for instance those emerging from the throes of conflict 

[92]. Some challenges encountered in the implementation of mobile schools include 

limited budgets, lack of uniformity in standards and eventual level of education 

attained by pupils, difficulty in achieving adequate geographic balance and coverage 

as well as problems associated with recruiting and retaining people willing to work as 

peripatetic teachers and for relatively lower pay [88, 92]. Despite these challenges, 

when successfully implemented, mobile schools have the potential for far-reaching 

accomplishments at minimal costs. 

2.2.7  One laptop or tablet PC per child. 

One laptop-per-child is a nascent educational intervention initiative where 

underprivileged children are given a laptop each to enable them educate themselves. 
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These laptops may be used by the children working alone or alternatively to assist as 

part of instructor-led teaching in schools. The laptops are designed to be low-cost, 

low-power, rugged portable computers which can run a variety of educational 

programmes. The first laptop created to run this initiative was the XO laptop designed 

by the Massachusetts’s Institute of Technology (MIT)’s Media Lab and launched 

through the One Laptop per Child association (OLPCA); it soon faced competition 

from Intel’s Classmate PC and India’s cheaper “Aakash” touchscreen laptop [93-98]. 

The laptop per child initiative is based on the principles of constructivism and 

technological determinism which assert that learning is not abstract, but rather 

depends on the context in which it takes place, and that the introduction of technology 

will directly result in change and development [99-102]. These assumptions have 

been used to advantage in a OLPC project in rural Ethiopia where children with no 

previous exposure to laptops were observed to learn to read and write using XO 

laptops even though the laptops were provided without user manuals or any other 

form of assistance to a new user [103].  

The main challenges facing the sustainability of the OLPC initiative can be 

ascribed to funding. The laptops are only cheap when they can be mass produced; so 

unless governments or other organisations can place orders in excess of 100,000 units 

each (and preferably in millions of units), the unit cost would significantly exceed the 

$100 target price [96, 99, 104, 105]. Besides the price of the laptop units themselves, 

there are costs associated with providing power to charge the laptops and the servers 

which connect them to the internet. This is a huge challenge as most of the areas for 

which this initiative is targeted are rural areas with poor or no access to electrical 

power [105, 106]. Other setup costs include deployment costs which range from 5-

10% of the laptop costs, maintenance costs, instructor training costs and additional 

software costs which all contribute to raising the price [107]. 

Further problems are associated with measuring learning and the validity of 

the assumed direct linear linkage between laptops, learning and development [99]. 

Besides, the introduction of a OLPC like other technological initiatives will have 

broader consequences than initially anticipated as technology cannot be viewed 

linearly as adding or subtracting to the status quo; but rather it changes the dynamics 

of the environment in which it is introduced [108]. Moreover, the assumption of 

homogeneity in characteristics of learners – a factor which enables it to benefit from 
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mass production – without accounting for the variation in teacher and learner 

characteristics over time and across geographical regions may prove problematic 

when these variation do occur [99, 109-111]. It is therefore important to ensure that 

this technological intervention is achieving the desired effect whilst monitoring and 

correcting for any adverse effects which may develop as a result. 

Despite the challenges, OLPC’s XO laptops and Intel’s Classmate PCs have 

been deployed in several countries including Cameroun, Nigeria, Ethiopia and 

Pakistan [103, 106, 112-114]. The laptops also have the potential for continued 

expansion in curriculum capabilities to incorporate interactive e-learning such as the 

McGraw Hill Companion Touch which can be run on Intel’s Classmate PCs [98, 

115]. 

2.2.8  Massive open online courses (MOOCs). 

MOOCs are educational courses provided online at no charge and which can 

be accessed anywhere by anyone with an internet connection [116-119]. They are 

most widely used in higher education but also have potential for use by grade school 

children [120]. Examples of MOOCs are Edx [121], Udacity [122] and Coursera 

[123]. MOOCs may involve several thousand students taking a course at the same 

time where multiple instructors assisted by graders and automated assignment 

checking software is used to deliver a completely online learning experience. There 

are currently no examples of MOOCs for grade school pupils, however organisations 

like Next Vista for Learning, Khan Academy and MIT K-12 provide videos, lessons 

and quizzes covering a broad range of subjects including maths, science, economics 

and history which can be accessed by pupils with an internet connection [124-126]. 

The self-paced learning contents are designed to be used by students working alone or 

with assistance; as such they can be accessed daily or weekly at the students’ 

convenience. Some of the challenges facing MOOCs include ensuring student 

attendance and participation, lack of individual contact with the instructor due to large 

class sizes and financial viability where fees are not charged [118]. 

2.2.9  Internet cafés. 

Internet cafés (or cybercafés) are public places which allow people to access 

the internet and/or perform other IT related activities on computer terminals for a fee 

usually on a per-hour basis [127]. They are primarily used by young people for 
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communication, entertainment, socialisation and also for purposes of education and 

learning [128, 129]. Internet cafés are widely found in developing countries where 

computer ownership and home broadband internet service are still not as widespread 

as in the developed parts of the world. Cybercafés have grown in popularity in 

developing countries as they afford the opportunity of using a computer and 

connecting to the web to people who would otherwise be unable to bear those costs 

individually [127, 130]. Young people form the highest proportion of internet café 

clientele and a study conducted on high school students in Turkey suggests that young 

people  use cybercafés to learn a variety of subjects and gain new skills in languages, 

ICT and even social and health issues [127, 131]. 

Research also suggests that it is possible to “configure” an internet café such 

that it may fulfil a more specific role; therefore internet cafés can be established with 

the singular role of facilitating learning and education [129, 132]. Cybercafés can be 

used as a medium to support the constructivist view of learning where learners are 

actively involved in the learning process and learn by doing [133]. Despite the 

potential of cybercafés in facilitating learning, this potential is limited as people with 

poor literacy skills (more specifically in the English language) or poor ICT skills are 

less likely to use the internet [127, 134, 135].  

The main challenge facing the use of internet cafés for learning (besides the 

cost) is the reach/penetration in the required areas. Presently, Asia has an internet 

penetration rate of 27.5% compared to North America’s 78.6% and Europe’s 63.2%; 

and in fact Pakistan has a lower penetration rate of only 15.3% [127, 136, 137]. 

2.2.10  Online tutoring. 

Online tutoring involves a teacher giving lessons to a student or group of 

students usually over the internet. Online tutoring typically requires a computer – 

although some services are now offered on smartphones – and an internet or other 

network connection. It may be done in real-time (synchronous communication) or 

involve the tutor and student leaving messages to be retrieved by the other at a later 

time (asynchronous communication) [138]. There are several online tutoring 

companies including NetTutor and Tutorvista which offer tutoring for a wide variety 

of subjects including Maths, English and Science whilst Hotmath and MathsWhizz 
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specialise in Math. Most online tutoring is targeted at older learners but MathsWhizz 

offers targeted lessons for grade school pupils (ages 5-13 years) [139-144]. 

Advantages offered by online tutoring include the convenience, time 

flexibility and also the novelty experience of learning using a computer from someone 

far away which makes some learners prefer it to traditional classroom learning [145]. 

In addition, the distance learning and limited time interaction makes students want to 

take advantage of every opportunity and get maximum benefit out of each meeting 

with their tutors as evidenced by pupils of a North London primary school involved in 

an online math tutoring scheme with tutors from India [144]. Synchronous online 

tutoring has also been shown to improve reading skills of students based on a study of 

poor performing fourth-graders in Philadelphia [145]. 

Some challenges faced by online tutoring include the difficulty of effective 

communication in the absence of paralinguistic cues which could be overcome by 

effective training of tutors and students in online communication [146]. 

2.2.11  Assessing learning technology interventions. 

A literature survey was conducted to determine if learning technology 

interventions have been assessed in the past and to identify if any models have been 

developed to aid this assessment. The literature survey did not reveal any 

comprehensive assessment or comparisons of the LTIs identified in this study for 

developing countries nor was there a tool to aid in this assessment. However, a few 

studies have been conducted on the effectiveness of specific LTIs, especially the 

different forms of electronic learning (e-learning). Bhuasiri et.al [147] developed an 

AHP model of critical success factors for e-learning in developing countries. Their 

findings revealed 6 dimensions and 20 critical success factors for e-learning 

implementation in developing countries. The study illustrated the importance of a 

number of factors including curriculum design, technology awareness, motivation, 

and changing learners’ behaviour as prerequisites for successful e-learning 

implementations. Several recommendations have been provided to aid the 

implementation of e-learning systems for developing countries. 

The Metiri Group which was commissioned by Cisco systems put together 

several research findings related to the use of  technology interventions for learning 

purposes in a communiqué entitled ‘Technology in Schools, What the Research says’ 
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[29] posited that extracting the full learning return from a technology investment 

requires much more than the simple introduction of technology with software and web 

resources aligned with the curriculum. Rather, maximising benefit from technology 

interventions in schools requires the triangulation of content, sound principles of 

learning, and high-quality teaching—all of which must be aligned with assessment 

and accountability to ensure continued success of the programme. 

A study on the use of hand held devices in 1,274 first- and second-year (early 

elementary) students in Chile in 2003 was documented which compared a treatment 

group that used handheld devices with games specifically designed to advance 

reading comprehension, spelling, and mathematical skills with control groups both in 

and outside the school. Mixed results were obtained  which indicated that after 30 

hours of using the devices over a three-month period students showed significant 

improvements compared to the control groups outside the school, but no significant 

differences when compared to the in-school control group. The researchers also 

reported on improvements in motivation and technology transfer which shows 

positive correlations between the use of educational games on PDAs and increases in 

reading comprehension, as well as improvements in performance in mathematics [29].  

In conclusion, there has been no comprehensive assessment or comparisons of 

LTIs in the context of developing nations to date. Hence, this study will provide a 

innovative insight into this field. 

2.3.  Modelling Techniques 

After discussing the various learning technology interventions (LTIs) which 

can be implemented in a developing country, it is desirable to develop a model which 

can be used to select the most sustainable of these LTIs. This section describes some 

recognised modelling techniques and concludes by elucidating the reasoning behind 

the choice of the selected modelling technique for this study. 

A model is a miniature representation of something; a simple description of a 

system, used for explaining how it works or what might happen to it [148, 149]. 

Models are useful for breaking down complex problems into tractable parts making 

them easier to understand and solve. However, it is equally important to realise that 

models are just that – a simplification of reality – and in no way provide a complete 
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representation of the problem. Consequently, they can severely limit the ways in 

which we view a problem and the range of actions we choose to undertake upon 

completing the analysis [150]. There are several approaches to classify models which 

are used to solve problems. The next section discusses one such classification of 

models. 

2.3.1  Bradley’s Classification of Models 

Bradley et.al [151] classified models into four types depending on their level 

of realism in representing the original real-world problem. The four model types 

according to Bradley’s classification are: 

2.3.1.1  Operational exercise. 

Operational exercise: this type of modelling takes place within the real-world 

context of the problem under study. It involves designing and conducting experiments 

within the study environment and measuring and interpreting the results within that 

context. For instance, the problem of determining the optimal combination of 

chemical substances in a household detergent in order to maintain a specified level of 

profit and market penetration by a manufacturing company can be modelled as an 

operational exercise whereby different proportions of the chemicals are combined and 

the ensuing effects on operating costs and revenues are observed. After only a few 

trials, the relationship between the chemical mix, revenues and costs will begin to 

manifest itself. Successful implementation of the operational exercise approach 

however requires a thorough understanding of the problem, careful design and 

execution of experiments as well as prudent interpretation of results allowing for 

inaccuracies in measurements. Even after completion of the operational exercise 

modelling, the results can only be extrapolated to other situations with caution due to 

the limited number of observations which formed the basis of the original model. Its 

main advantage is that the absence of abstractions facilitates direct interaction with 

the real-world problem whilst its main disadvantages are the prohibitively high costs 

of implementation, interference with processes and the difficulty of exhaustively 

analysing all possible alternatives. 

2.3.1.2  Gaming. 

The game theory is based on a formal study of conflict and cooperation which is 

applicable whenever different factors affecting a system are interdependent. It is an 
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interactive model constructed as an abstract with the ability to simplify the 

representation of a real environment. Within this approach, the decision makers make 

choices that potentially affect the interests of the other players in the system. The 

process involves the development of a model which is predetermined to possess some 

certain capabilities that aid the decision-maker with a clearer and more 

comprehensive view of the circumstances. Theodore and Bernhard [152] have termed 

this a “prescriptive” application of game theory. The major goal of the prescriptive 

model is to provide an improved strategic decision making. The idea is to provide a 

language to formulate structure, analyse, and understand strategic scenarios so as to 

obtain a responsive mechanism to evaluate the effectiveness of proposed alternatives 

that seem worthwhile to pursue. The problem however is on how to reduce the cost of 

processing each alternative without increasing the speed of measuring the 

performance of each alternative. Gaming is mostly used as a learning device for 

developing some appreciation for those complexities inherent in a decision-making 

process. Several management games have been designed to illustrate how marketing, 

production, and financial decisions interact in a competitive economy. Furthermore, 

in a gaming situation, all the human factors that affect the decision environment are 

allowed to interact with the model by providing inputs which they are responsible for 

in the actual realization of their activities. However, in the process of formulating the 

model, some degree of realism is lost due to the abstract nature of the modelling 

environment. This limitation can be minimized from the human interactions in the 

real process. 

The game theory is generally classified into two broad divisions of approaches: 

the cooperative and the non-cooperative approach. A critical survey of the literature 

suggests that these approaches are essentially the same, but only differ in theoretical 

content and methodology used in their analyses. The investigation into coalitional 

games in relation to the relative amounts of power held by the numerous players, or 

how proceeds are shared amongst a successful coalition is determined by the 

cooperative game theory. It analyses in a direct manner how a set of possible 

outcomes such as what the players can achieve, what a coalitions will form and 

whether the outcomes are stable and robust. The most suitable situations for the 

application of this theory are in the political science or international relations fields, 

where concepts like power are most significant. On the other hand, the paradigm of 
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non-cooperative game theory; strategy oriented is that the details of the ordering and 

timing of players’ choices are crucial for the determination of the outcome of a game. 

In other words, it analyses what one may expect the players to do and the nitty-gritty 

details of how they achieve their goals. In contrast to Nash’s cooperative model (Nash 

equilibrium), a non-cooperative model of bargaining would posit a specific process in 

which it is pre-specified who gets to make an offer at a given time [152]. It is 

therefore plausible to assert that the non-cooperative theory is a micro approach in 

that its major focus is on the precise descriptions of what happens [153]. 

2.3.1.3  Analytical modelling. 

This model employs a logical approach in dealing with a complex system by 

defragmenting it into functional entities consisting of units or subsystems in 

mathematical terms. It then models the characteristics of each entity before 

reconnecting them according to the system structure. Generally, the analytical models 

are the easiest models to develop and the least expensive. However, they sometimes 

deviate from realism due to the fact that they introduce the highest degree of 

simplification in the model representation. Therefore, as a rule of thumb and provided 

that the resulting degree of realism is applicable to characterise the decision under 

study, it is advisable to be as much to the right as possible within the model spectrum.  

The aim of the analytical model is to minimise or maximise an identified 

functional entity subject to the constraints that replicate the conditions in the system 

under which the decisions have to be made. From this approach, the optimal solution 

which satisfies all the constraints and gives the best possible value of the objective 

function is obtained. To further illustrate this, take the example of a refinery which 

employs an analytical model with an objective to maximise net revenues from its 

operation as a function of the types and quantities of the crude oil refined. In order to 

define the constraints of this problem, certain functions such as the availability of the 

crude oil, the technology of the refinery process and the final product requirements 

must be represented in mathematical terms. Hence, the obtainable solution which 

maximises the net revenues within the proposed set of constraints will be an exact 

number of each type of crude oil available for refining. In the last two decades, linear 

programming has been the incontestable analytical model used for this kind of 

problem. The development and implementation of analytical models has been the 

major focus of most, if not all the works undertaken by management scientists. 
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Consequently, numerous methodologies and techniques have been proposed for 

solving different but specific kinds of problems. 

2.3.1.4  Simulation.  

This model is very similar to the gaming model except that here, human 

decision-makers are not part of the modelling process. Simulation bears another 

similarity with gaming model and operational exercises in that it neither generates 

alternatives nor produces an optimum response to the decision under study. The use of 

these types of models are limited to the performance assessment of alternatives 

previously identified by the decision-maker due to their empirical and inductive 

nature. The performance of a number of alternatives which are supplied externally to 

the simulation model are easily evaluated by the decision-maker. However, this type 

of model does give room for human interactions at the intermediate stages of the 

model computation. For instance; using the refinery as a case study for a simulation 

model to be conducted, a large number of combinations of types and quantities of the 

crude oil to refined must be prepared in advance. The net revenues associated with 

each alternative could hence be obtained without any external inputs from the 

decision-makers. New cycles would only be analysed after the results obtained from 

the model are appropriate to the case under study. Computer programs involving 

logical arithmetic operations performed in prearranged sequences are used for several 

simulation models. Therefore, it is not necessary to undergo the arduous tasks of 

defining the problem exclusively in analytical terms. This advantage offers an added 

flexibility in the formulation of the model and it also facilitates the attainment of a 

high degree of realism. The importance of this is more pronounced specifically where 

uncertainties are particularly important aspects of the decision [151]. 

In many cases, the behaviours are described algorithmically in a system by 

developing the model as a computer simulation. Usually, a random variable is the 

output of a simulation model that uses randomness as part of the modelling process. 

Most first-time simulators make an often-repeated (but particularly serious) mistake 

by running a stochastic model once and believing that they have found “the right 

answer.” Statistics is one sure means of analysing or describing a stochastic system. 

In other words, it is imperative to build a statistical model of the computer model that 

is built from the formal model. Feedback would then be introduced into the modelling 

process in the form of verification and validation. The verification is made of a 
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feedback loop between the formal model and the computer model. The validation on 

the other hand is made up of a feedback loop between the computer model and reality. 

Essentially, this process attempts to address the question “does my computer program 

do what I meant it to do?” It should be stated here that the validation loop contains the 

verification feedback loop because one cannot validate a model until the model 

properly reflects the intent of the developer. In general, the whole process may go 

through several iterations of verification and validation before it can satisfactorily fit 

the model. The formal model tries to mimic the expression or intent of the decision-

maker; this makes verification similar to the debugging process in a computer science 

task – a considerable difficult problem indeed. Despite the fact that verification is 

contained within the validation loop, this makes validation an even more challenging 

task to accomplish. Validation tries to address the question – “is the real situation 

adequately mimicked by my computer program?” Simulation modelling involves a 

longer chain of inference than analytical modelling, which is why analytical solutions 

are generally used where possible although it can be an ideal technology for 

validating new processes or procedures. Sánchez [154] has a valuable treatise on 

simulation models, how to develop them, when to use them and when not to use them. 

The four types of models are represented diagrammatically in Figure 1 

illustrating the level of interaction between the human decision maker and the 

modelling process as well as the level of realism or abstraction inherent in the model. 
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Figure 1: Graphical representation of model types 

 

 

After the discussion on Bradley’s classification of models into four types, it is 

important to acknowledge that other model classifications exist in the literature which 

may be applied to the problem faced in this study. The determination of the most 

sustainable LTI from a group of options can be achieved using several modelling 

techniques including financial models like net present value (NPV) and return on 

investment (ROI); mathematical programming techniques such as linear, mixed-

integer and non-linear programming [155-158]; scoring and linear weighting models 

[158]; artificial intelligence models such as neural networks [158] and multi-attribute 

approaches such as AHP, ANP and TOPSIS [159, 160].  

A selection problem where the sole criteria are costs and revenues would 

benefit from using financial models like NPV and ROI as these would enable a 

detailed description of the problem in financial terms. In applying financial models to 

this study, the LTIs would be assessed on which alternatives cost the least and gave 

the highest returns to the economy. In the same vein, when historical data are 

available for a problem, predicting the future is made easier using neural networks to 

model the problem. In this case, if comprehensive historical data about specific LTIs, 

their rates of adoption, impacts on economic development and overall degree of 

sustainability were obtainable, this data could be used to design and “train” a neural 

network to predict which of these LTIs would be most sustainable in the future. 
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However, due to the complex nature of this problem, its comprising of criteria 

beyond the financial, and the unavailability of historical data about LTI 

implementation, the decision problem cannot be objectively described using either 

financial models or neural networks. However, two other modelling techniques which 

are more appropriate to it are mathematical programming models and multi-attribute 

approaches. The rest of this chapter discusses these two modelling techniques 

culminating with a justification of the selected modelling technique for this study. 

2.3.2  Mathematical Programming Models. 

A Mathematical programming (or optimisation) model is an idealised 

representation of real-life in terms of mathematical symbols and expressions [161]. It 

describes the essence of a problem and achieves efficiency by simplifying a system 

into easily comprehensible parts. A mathematical model can therefore be defined as 

the “…ensemble of equations which describe and interrelate the variables and 

parameters of a physical system or process” [162:1]. Mathematical modelling aims to 

derive appropriate equations for a system of process variables and parameters and 

solve the ensuing equations to give the best solution to the problem as modelled [162, 

163]. However, the “best” or “optimum” solution resulting from the mathematical 

model is only as good as the model on which it is based and it may or may not 

translate into a feasible solution for the underlying real-world problem. 

Mathematical programming models have been classified in several ways. The 

most common of these as mentioned by Hillier and Lieberman [161] and Cottle [164] 

is the linear or non-linear classification. This categorisation views optimisation 

models as linear when the mathematical functions appearing in both the objective 

function and the constraints are all linear functions. However, if either the objective or 

constraint functions include non-linear functions, the optimisation model is classed as 

non-linear. However, Bradley et.al [151] have provided a more detailed categorisation 

of optimisation models by describing them in the following three ways: 

i) Static and Multi-stage – according to the number of time periods 

considered in the model. An optimisation model which considers only one 

time-period is viewed as static whereas an optimisation model which 

incorporates several time periods is classed as multi-stage. Multi-stage 

optimisation models are quite complicated to solve even when comprised 
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of wholly linear functions, consequently they are usually solved by 

dynamic programming and other special algorithms designed specifically 

for multi-stage optimisation models. 

ii) Deterministic, Stochastic and Parametric – according to the behaviour of 

the model parameters. Optimisation models are classed as deterministic 

when the model parameters are known constants; stochastic when the 

parameters have uncertain quantities with values characterised by 

probability distributions; or parametric when the parameters are allowed to 

vary systematically resulting in corresponding changes in the optimum 

solution. Stochastic and parametric optimisations models are usually more 

difficult to solve than optimisation models especially as no general 

procedures have yet been proven to be consistently effective in solving 

these problems. 

iii) Continuous, Discrete and Mixed – depending on the behaviour of the 

variables in the optimisation model. When the variables can assume only 

integer values, the ensuing model is termed an integer or discrete 

optimisation model; however if the variables can assume any value which 

satisfies the constraints, this is called a continuous optimisation model. 

Mixed optimisation models are more general and contain a mixture of 

integer and continuous variables. Continuous optimisation models are the 

easiest to solve whereas optimisation models which contain integer 

variables are the most difficult to solve as an algorithm has yet to be 

developed which can solve such problems in a reasonable amount of time. 

Network models (such as transportation and assignment models) however 

are an exception as algorithms have recently been developed to solve these 

special types of integer programming models. 

After discussing Bradley’s classification of mathematical models, it is important 

to remember that the most common type of mathematical programming is linear 

programming. In the linear programming model, the underlying problem is 

represented by means of linear functions made up of continuous variables. The model 

is called “linear” because the underlying model equations respond in such a way that 

the magnitude of the output is directly proportional to that of the input [148].  
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The model’s linear function is called the objective function and the overall linear 

programming model is expressed as the maximisation (or minimisation) of the 

objective function subject to a set of linear constraints by finding the values of n 

decision variables, x1, x2, x3 … xn. This may be written in the form:  

                                

Subject to the constraints: 

                               

                               

…      … 

                               

And 

                    

Where aj, bij and ci are constants known as parameters of the model [151, 161]. 

2.3.2.1  Mathematical modelling steps. 

There are three main steps in developing a mathematical model. The first step 

in developing a linear programming model is formulation of a simple version of the 

model involving breaking down the problem to define the decision variables, 

objective function and constraints. This simple model then evolves into a more 

complex model with the addition of further information from the real problem. An 

important trade-off to bear in mind whilst constructing the model is precision versus 

tractability i.e. the addition of more information makes the model closer to the real-

life problem but increases its complexity and solution. The next step involves finding 

a solution to the mathematical model (if possible) or finding possible numerical 

solutions. The final step is model validation which may involve the use of computer 

software to verify the previously obtained results. What is most important in the 

validation stage is to ensure that the model is able to predict – with reasonable 

accuracy – what would happen in the real world. Although these steps have been 

enumerated sequentially, what often obtains in practice is that there are several 

iterations before arriving at a satisfactory model and solution [161, 162]. 
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2.3.2.2.  Advantages of mathematical modelling.  

Mathematical modelling has the following benefits [161]: 

i) Objectivity – modelling by means of mathematical symbols and equations 

ensures that only concrete facts are represented in the model by forcing an 

explicit statement of the objective, thereby eliminating individual 

subjectivity. 

ii) Concise problem definition – this makes the problem easier to understand 

through revealing the most important cause-and-effect relationships and 

highlighting what additional information would be required to improve the 

model. 

iii) Bridge for using computers – mathematical modelling provides a means of 

translating complicated real-world problems into a format that enable input 

into a computer for a more precise solution. 

2.3.2.3  Limitations of mathematical modelling. 

After discussing the steps and advantages of mathematical modelling, a 

discussion of its applicability to the specific problem of selecting a sustainable 

learning technology intervention (LTI) becomes essential. In general, a mathematical 

programming or optimisation model is used to identify the best way of doing 

something which has already been done before [165]. So it may be used to select the 

optimal mix of chemicals for a manufacturing process or the optimal scheduling of 

labour on an assembly line. In order to achieve this optimisation, it is necessary to 

gather relevant data about how the system works and assign values to the parameters 

of the system model. This data-gathering process is a critical and challenging part of 

the model-building process and the success or failure of the ensuing model hinges on 

the accuracy of this step. Applying mathematical modelling to this problem of 

selecting a sustainable LTI is problematic for two main reasons. The first is that this is 

an issue which has never been addressed before, so there isn’t actually an existing 

process which can be optimised. The second reason is the challenge of gathering 

relevant data to describe the parameters of the model. The data-gathering phase is 

typically the most costly and time-consuming stage of developing the mathematical 

program as much of the needed data is either unavailable, outdated or is available in a 

form which cannot be used directly in developing the model [161].  
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In this study, the needed data about the most important parameters of LTI 

sustainability and the values these parameters have assumed in varied 

implementations of LTI projects worldwide has not been recorded. Obtaining this data 

would require a longitudinal study of educational projects worldwide, tracking the 

progress of such projects from inception to maturity and using this data to assign the 

parameters of the model. Consequently, a mathematical modelling approach is not 

applicable for this problem of selecting a sustainable LTI; rather a more descriptive 

approach relying on expert knowledge rather than hard data is more appropriate. An 

example of such a modelling approach is the multi-attribute approach described in the 

next section. 

2.3.3  Multi-attribute approaches to modelling. 

Multi-criteria decision making (MCDM) is used to refer to decision making in 

the presence of multiple, often conflicting criteria. Hwang and Yoon [166] and 

Zanakis et.al [160] have classified MCDM problems into two main types depending 

on the domain of the decision alternatives. The two classes are: 

i) Multi-attribute Decision Making (MADM) when the problem involves 

discrete, pre-specified and limited alternatives. 

ii) Multi-objective Decision Making (MODM) when the decision 

variables are continuous and involve a large or unlimited number of 

alternatives. 

However, these distinctions are by no means absolute and MADM is often 

used interchangeably with MCDM in the literature [160]. A widely used MCDM 

technique is the Analytic Hierarchy Process (AHP) which structures the decision 

problem as a hierarchy and facilitates decision making by simple pairwise 

comparisons of alternatives. A main advantage of multi-attribute approaches to 

modelling (and the AHP in particular) is facilitating transparency in the decision 

making process and quantifying human judgement [167]. The rest of this chapter 

describes why the MCDM technique was chosen for this study and the next chapter 

provides a detailed description of the ANP which was the modelling technique of 

choice in this study. 
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2.3.4  Choice of Modelling Technique. 

After reviewing the literature on sustainability and learning technologies, a 

framework is needed to link both topics and provide a basis for selection of the most 

sustainable learning technology intervention (LTI). This framework has to be simple 

enough for use by non-technical persons but sufficiently intricate as to take account of 

the myriad complexities of the problem.  

The problem of selecting a sustainable LTI from several alternatives is a novel 

problem for which no standards currently exist. So, there are no guidelines to say 

what a sustainable LTI is or is not. This absence of standards means that optimisation 

modelling cannot be used as optimisation modelling assumes the availability of 

measurements and objective standards which form the input parameters of the model. 

Financial models are also not appropriate because of the impact of non-financial 

factors (e.g. adoption) on the sustainability of a LTI. Multi-criteria decision making 

(MCDM) techniques therefore appear singularly appropriate for dealing with this 

complex decision problem as they can be applied even in the absence of raw data 

about a system and also integrate non-financial criteria. 

Since the decision problem faced in this study primarily involves making a 

choice from amongst alternatives, it will benefit immensely from being modelled as a 

MCDM problem, and in particular using the Analytic Hierarchy Process (AHP). The 

AHP is a type of MCDM technique which provides a simple framework for decision 

making by utilising the natural thinking processes of humans in making a choice from 

amongst many alternatives. The next chapter provides a more detailed description of 

the AHP as it applies to the decision problem faced in this study. 
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Chapter 3: The Analytic Hierarchy/Network Processes (AHP/ANP) 

 This chapter introduces the Analytic Hierarchy Process (AHP) and its more 

advanced form the Analytic Network Process (ANP) which will be used to model the 

decision problem of selecting a sustainable learning technology intervention LTI. As 

the ANP requires inputs in the form of alternatives, criteria and sub-criteria, some 

methods of group decision making used to generate these inputs into the ANP model 

are also explored later in the chapter. 

3.1  The Analytic Hierarchy Process (AHP) 

The decision problem of how to select a sustainable learning technology 

intervention (LTI) can be represented as a multi criteria decision making (MCDM) 

problem. This means that the final decision of which LTI to select out of several 

alternatives is influenced by several criteria such as benefits, opportunities, perceived 

costs and risks which, depending on their relative importance with respect to the goal 

favour the selection of a particular learning technology intervention. An example of a 

commonly used MCDM technique is the Analytic Hierarchy Process (AHP) and its 

generalised form, the Analytic Network Process (ANP); both developed by Thomas 

Saaty [168, 169]. In the AHP, the decision problem is decomposed into a hierarchy 

with the goal at the top, the decision criteria (and where applicable, sub-criteria) 

below, and the decision alternatives at the bottom level of the hierarchy. 

The Analytic Hierarchy Process (AHP) as a decision framework combines the 

deductive and systems approaches to modelling which together facilitate the 

understanding, analysis and resolution of complex problems [170]. In the deductive 

approach to system modelling, the problem is broken down into its component parts 

and each part is individually analysed and – in the absence of rules for combining 

these parts – an explanation is synthesised for the entire problem. This requires a first 

principles understanding of the individual components of the problem which may be 

difficult when there is incomplete knowledge of the problem. In addition, the 

deductive approach ignores the interrelationships amongst the parts of the system and 

the relationship between the system and its environment. On the other hand, the 

systems approach views a problem as whole, from a general, holistic perspective 

without paying considerable attention to its individual parts. The AHP combines the 
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benefits of both approaches to describe a system and its environment as mutually 

interacting parts and synthesise the whole using rankings of the impact of the parts on 

the entire system. 

The AHP model is based on logic and human judgement whereby weights 

(relative importance) are assigned to each criterion and a group of experts are asked to 

compare each successive pair of criteria with respect to each alternative to determine 

the most important alternative (the alternative with the highest weighting). The AHP 

operates in a top-down fashion from the goal to the criteria (and where applicable, the 

sub-criteria) and finally to the alternatives. To be effectively implemented, it requires 

not only logical deduction, but more importantly, expert knowledge and experience 

on the subject due to its reliance on human judgement. The AHP finds wide 

applicability in group decision making in several industries. The next section presents 

a short commentary on applications of the AHP in several industries. 

3.1.1  Applications of the AHP 

The AHP has been applied as a decision making tool in several industries. 

This section reviews some of these applications. 

3.1.1.1  Finance.  

Ossadnik [171] presented a study of synergies achieved from mergers of 

companies in the European community; Arbel and Orgler [172] applied the AHP to a 

bank’s strategic planning in order to facilitate effective mergers and acquisitions 

whilst Tarimcilar and Khaksari [173] presented an AHP model for capital budgeting 

in hospital management. A bibliographical review of MCDM applications in finance 

has been presented by Steuer and Paul [174] and includes a section on AHP 

applications.  

3.1.1.2  Supplier selection. 

Chan et.al [175] developed a fuzzy-AHP model including qualitative and 

quantitative criteria involved in selecting global suppliers for a company and applied 

the model to a manufacturing industry selecting a supplier for a critical component. In 

the UAE, Aji and Hariga [176] developed a combined AHP-DEA (data envelopment 

analysis) model to select a vendor for a UAE-based online trading platform. Also, 

Chan [155, 177] and Nydick et.al [178] have additional applications of the AHP in the 

global supplier selection process, Xia et.al [179] incorporates an additional aspect of 
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supplier selection in the presence of quantity discounts and Ghodsypour and O’Brien 

[180] have developed an AHP-Linear Programming model for supplier selection. 

3.1.1.3  Medicine. 

Rossetti and Selandari [181] have used the AHP to assess the impact of 

automation in a hospital environment, Sloane et.al [182] applied the AHP to a hospital 

technology selection problem whilst Liberatore et.al [183] have applied the AHP to 

facilitate decision counselling for patients about whether or not to have cancer 

screening. 

3.1.1.4  Other applications. 

The AHP has several more diverse applications from engineering and sports to 

politics and government. Vaidya and Kumar [184] have provided an extended 

literature review of 150 applications of the AHP in several industries and is a useful 

reference point for the AHP.  

3.1.2  Advantages of the AHP 

Traditional decision making methods which only consider the pecuniary 

aspects of a decision are inherently unable to reflect the impact of financially 

unquantifiable factors. Even when non-financial factors are negligible, the soundness 

of a decision based solely on cash flows is limited by the accuracy of the forecasted 

estimates and the precision of attributing those cash flows to any particular 

alternative. Wolfgang and Lange [185] have questioned the use of cash flow methods 

in selection problems as it is often difficult to attribute any particular cash flows to a 

specific alternative. The AHP overcomes these limitations by considering factors 

beyond the financial, and also the relative importance of each of those factors. This 

rounded approach thereby permits for a more realistic overall decision. 

The AHP’s ability to assign quantitative values to intangible human 

judgements and also provide a methodology for translating the ensuing mathematical 

model into easily comprehensible results makes it an invaluable tool for non-technical 

decision makers [186]. The AHP also has the added advantage offered by group 

decision making of collating the judgements of several experts on a topic. The added 

consistency check after completing the comparisons serves further to detect 

irregularities in judgements. 
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After completing the modelling and obtaining a good decision which satisfies 

the goal, it is further possible to conduct sensitivity analysis on independent 

parameters of the model to determine if and how the decision changes when the 

judgements on certain variables are altered. 

3.1.3  Limitations of the AHP 

Due to its reliance on human judgements, the AHP requires decision makers to 

have expert knowledge and experience of the topic and is also dependent on the 

ability of people to reason logically. So it cannot be used as a decision tool by a group 

of people who are unable to make logical judgements. This manifests itself in the 

inconsistency of their judgements. Furthermore, even if it is used by decision makers 

with expert knowledge who are able to reason logically, an accurate decision may 

prove elusive if the underlying assumptions for developing the model are poor and the 

reasoning flawed [186].  

By structuring the problem as a hierarchy, the AHP assumes independence 

between the elements whereby the criteria are independent of one another and the 

alternatives are also independent of one another, and of the criteria. This assumption 

does not always hold true in the real world, as it is sometimes possible for instance, to 

get better performance by increasing cost resulting in a dependence relationship 

between performance and cost. This limitation of the AHP has been addressed by the 

ANP. 

3.2  The Analytic Network Process (ANP) 

The Analytical Network Process (ANP) is a generalisation of the AHP with two 

significant distinctions: 

i. The ANP does not assume independence between elements of the model. 

Therefore, whilst the AHP structures the problem as a hierarchy, the ANP 

structures it as a network where the goal, criteria (and where applicable sub-

criteria) and alternatives are nodes on the network. In this manner, the ANP 

allows for feedback connections and loops within and between nodes to 

illustrate interdependence. 

ii. The ANP builds upon the pairwise comparisons of the AHP where criteria are 

pairwise compared with respect to each alternative; and includes a further set 
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of comparisons where alternatives are compared with respect to each criterion. 

So the question would be posed as “which is the most prominent feature of 

alternative 1, its affordability or its durability?” This additional level of 

comparisons allows the weight of the criteria to be influenced by the 

alternatives being considered. So if all the alternatives were equally 

affordable, the importance of cost as a decision criterion would be suitably 

reduced. The AHP and ANP can be compared diagrammatically as illustrated 

in Figure 2. 

 

 

 

Figure 2: Comparison of AHP and ANP structures 
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In constructing an ANP model, there are three important nodes: 

1. The Goal – this is the decision which is sought. In this case, the goal is to 

answer the question “what is the most sustainable learning technology 

intervention?” 

2. The Alternatives – are the possible choices which fulfil the goal or objective. 

3. The Criteria – are those factors which should be considered in selecting the 

alternative that best fulfils the goal. 

The criteria in the ANP model may be structured on multiple levels to increase the 

level of detail captured in the model. Research suggests that hierarchical weights and 

more detailed criteria (with several sub-criteria) tend to be weighted higher than non-

hierarchical and less detailed criteria [187, 188]. Increasing the level of detail thereby 

leads to exploring all the facets of a problem resulting in a greater likelihood of 

reaching the desired solution. The following are the main steps in formulating an ANP 

model: 

i. Thorough understanding and a clear description of the decision problem and 

the overall objective/goal. 

ii. Identification of important criteria and relevant factors. This may be achieved 

through a structured brainstorming technique. 

iii. Precise definition of alternatives, criteria and other factors. 

iv. Systematic investigations of interconnections between nodes of the network. 

v. Critical assessment of eventual model outcome – the result is only as good as 

the model. 

Besides the general steps in creating an ANP model, it is also important to discuss 

the quantitative aspect of this modelling technique. The next section presents the 

detail of the math 

3.2.1  The maths behind the ANP 

According to Saaty [170, 189, 190], the steps in the quantitative component of the 

ANP are: 
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a) Design a questionnaire for collecting responses from experts. The 

questionnaire used in this study involved pairwise comparisons of elements on 

a nine-point scale with nine points awarded if one element was extremely 

more important than the other and one point awarded if the two elements were 

equally important. The full ANP questionnaire used in this study is presented 

in Appendix A. 

b) The next step involves arranging the results of the pairwise comparisons in the 

pairwise comparison matrix. This matrix is then normalised by dividing each 

entry by its corresponding column sum to get the normalised matrix. The rows 

of the normalised matrix are then averaged to get the priority vector for each 

element under consideration. 

c) The next step is the consistency test to certify that the original preference 

ratings made by the expert were consistent. The consistency ratio is a measure 

of the consistency of the individual judgements. For instance, if A is more 

important than B and B is more important than C; it therefore follows that A 

should be more important than C. If an expert then rates A the same as, or 

more important than C, that set of comparisons will prove inconsistent and a 

review would be necessary. Determining the consistency of each set of 

pairwise comparisons involves the following three steps: 

i. Computing the consistency measure λmax. The consistency measure is 

evaluated by first calculating the product of the original pairwise 

comparison matrix and the priority vector, dividing each entry in this 

new matrix by its corresponding priority and finally averaging the 

results to get the consistency measure λmax. 

ii. The second step is to compute the consistency index (CI) given by 

                ⁄  

Where n is the size of the pairwise matrix. 

iii. The final step is to compute the consistency ratio (CR) given by 

       ⁄  

Where RI is a random consistency index computed for     . For 

perfect consistency, the consistency measure λmax equals n and 

therefore the consistency index CI will equate to zero and this will 

result in a consistency ratio CR of zero. On many occasions however, 
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this is not the case and CR will usually have a value greater than zero. 

Saaty [190] recommends that CR should be 0.1 or less and the 

judgements should be revised by the expert if CR is significantly 

greater than 0.1. 

d) The other steps in the ANP include forming the “unweighted supermatrix” 

which contains local priorities derived from the pairwise comparisons 

throughout the model’s network and using this to construct the “weighted 

supermatrix”. 

e) This next step is only required when there are more than two clusters in a node 

of the network and involves performing cluster comparisons to get the cluster 

matrix. This cluster matrix is then multiplied by the unweighted supermatrix to 

give the weighted supermatrix. As the ANP model used in this study 

comprises only two clusters in each of the BOCR nodes – one cluster of 

parameters and one cluster of alternatives – no cluster comparisons need to be 

done and the unweighted supermatrix is the same as the weighted supermatrix. 

An example supermatrix is presented in Appendix B. 

f) The results of the comparisons can be synthesised using several formulae, the 

most prominent of which are the additive and the multiplicative formulae. The 

additive formula is best for long-term results and for a BOCR model, takes the 

general form  

                                       

The multiplicative formula is generally best for short-term results and is 

equivalent to a marginal cost/benefit analysis. It takes the general form 

                                     ⁄  

3.2.2  Limitations of the ANP 

 Despite being a widely used decision making method, the ANP does have 

limitations and disadvantages which should be known before it is used. One of its 

disadvantages is in the additional level of effort required to implement it compared 

with the AHP. The ANP as a group decision making technique requires a significant 

amount of effort – even more than the AHP – due to the extra level of comparisons 

required in assessing each individual alternative and determining which of its 

characteristics are more prominent. This increased complexity requires more work 

and greater commitment from the experts involved in the study. 
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 Another limitation of the ANP is in the phenomenon of rank reversal which 

was first pointed out by Belton and Gear in [191]. Rank reversal affects both AHP and 

ANP and refers to the change in the relative rankings of the other alternatives caused 

by a deletion of an old alternative or the addition of a new one [192, 193]. Belton and 

Gear [191, 194] proposed a new model called the B–G modified AHP and suggested 

normalising the eigenvector weights of alternatives using their maximum rather than 

their sum. They concluded that rank reversal would be avoided if the criteria weights 

were changed accordingly.  

Other models have also been suggested to avoid rank reversal including the 

referenced AHP model by Schoner and Wedley [195] which requires adjustment of 

criteria weights with the addition or deletion of alternatives, the multiplicative 

aggregation rule by Barzilai and Golany [196] which requires the replacement of 

normalised weight vectors by weight-ratio matrices and the multiplicative AHP which 

was shown to preserve rank by Triantaphyllou [197] through several case study 

applications and concluded that the perfect MCDM technique should not possess any 

ranking irregularities. However, Saaty and Sagir [193] conclude that despite the 

desirability of rank preservation due to occasionally unforeseeable positive and 

negative consequences of rank reversal, preserving rank in all situations is wrong and 

it is more effective to instead attempt to control its occurrence in a predictable 

fashion. 

3.3 Group Decision-Making Techniques 

In order to maximise the benefits from several experts’ involvement in 

creating the ANP model, it is necessary to utilise an appropriate technique for 

combining their judgements. This technique should be capable of extracting the 

experts’ best judgements whilst simultaneously filtering for noise in their judgements 

and resolving the inconsistencies inherent in them. A survey of the literature reveals 

three frequently used techniques for combining experts’ judgements on the ANP: the 

Nominal Group Technique (NGT), the Delphi Method and the Geometric Mean. 

What follows is an exposition of the techniques and the chosen technique for this 

study. 
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3.3.1  The geometric mean. 

The geometric mean is perhaps the most widely used technique for 

synthesising group decisions into an ANP model. In its simplest form, the geometric 

mean of a group of n numbers is found by taking the nth root of the product of n 

numbers [198]. This can be represented as: 

     √           
 

 

The popularity of the geometric mean as an input for the ANP model may be 

due to its relative ease of use and convenience of implementing in software. The 

geometric mean has been used in numerous studies to input the opinions of several 

experts into the ANP model [199-203]. An online application is also available which 

enables experts to directly enter their judgements into the ANP model and synthesises 

the group’s decision using the Geometric Mean [204]. The main disadvantage of the 

geometric mean is that it does not correct for variability between experts’ judgement, 

as such, it is easily skewed by changes in expert judgements. 

3.3.2  The nominal group technique (NGT). 

The nominal group technique (NGT) is a structured brainstorming technique 

developed by Delbecq and Van De Ven which uses small group discussions to 

facilitate fast but representative group decisions [205-207]. It differs from traditional 

voting methods which only consider the decision with the highest number of 

supporters, and the mean or averaging technique which gives equal importance to 

each group member’s decision regardless of its variability from the decisions of other 

members. In applying the NGT, decision makers are divided into small groups of 

about 5 members, each asked to record their response(s) to an open-ended question. 

The responses are collated in a round-robin fashion (with one comment per person per 

turn), and then all participants are asked to vote on the recorded decisions by 

assigning points such that the best idea/response receives the highest points. The 

response with the highest points is selected as the group’s decision. Occasionally, 

several ideas are merged before voting to create hybrid ideas which sometimes prove 

more popular than any single idea.  
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The NGT has been applied in several industries from education planning to 

health research and information technology [208, 209]. It has also found application 

as a preliminary step in developing the elements of AHP and ANP models [210, 211]. 

3.3.3  The Delphi method. 

The Delphi method was initially developed by the RAND Corporation to 

forecast the impact of technology on warfare [212]. It is a group decision making 

technique which aims to obtain a most reliable consensus opinion on a matter by 

subjecting a panel of experts to a series of questionnaires supplemented by a 

controlled feedback of their opinions [213]. In a simplified form, each expert 

completes the questionnaire and a summary of all experts’ judgements are 

subsequently distributed to the group. Each expert is required to give reasons for their 

opinion and may further be requested to revise their opinion in an effort to reduce the 

variance between experts’ opinions. This process is repeated severally until no further 

improvements can be achieved; this consensus may be attained in as few as three 

rounds [214-219]. 

The Delphi method has proved useful in diverse industries from military to 

education, health and business planning [214, 220]. Its main advantages include 

gaining a consensus judgement of several experts and not relying on any single 

expert. Research by Rowe and Wright [221] also reveals that the Delphi method has 

several advantages over unstructured group decisions including the benefits of group 

over individual decision making, reducing the influence of spurious arguments by 

asking experts to reconsider their opinions as well as eliminating the influence of 

dominant personalities  and reducing groupthink through anonymous feedback of 

responses [222, 223].  

Some limitations of the Delphi method include problems associated with the 

definition and selection of experts [224, 225], reduced interaction associated with 

controlled feedback [226, 227], impact of moderator bias on experts [227], ambiguity 

of questions and responses [225] as well as the time and effort required to 

successfully complete the exercise [224]. Despite these limitations, the Delphi 

technique has been used severally as an input in developing AHP and ANP models 

[201, 228-231].  
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3.3.4  The future search conference method. 

The future search conference is a group and community consensus building 

technique that can be used to conduct collective brainstorming sessions [232].  These 

brainstorming sessions often lead to a collective mind map for a future that can be 

prioritised by the community members by assigning priorities to the various nodes of 

the mind map. It tackles a problem by looking at the future, typically stating the 

problem as “the future of…” Weisbord and Janoff [233] have described some steps to 

organising an effective future search. The main steps are summarised below: 

i. Invite a cross-section of all stakeholders to the meeting. 

ii. Explore the whole problem before trying to solve it. They describe this 

as thinking globally, acting locally. 

iii. Focus on common ground (future focus) and treat problems and 

conflicts solely as information and not to be acted upon. 

iv. Encourage all participants to take responsibility for action before, 

during and after the future search. 

v. Urge full attendance (by minimising the number of part-time 

participants) and maintain healthy working conditions (by allowing for 

adequate ventilation, providing snacks and sufficient breaks). 

vi. Work across three days to enable participants to absorb new 

information and develop new ideas. 

vii. Request voluntary public commitments for the next steps of the 

process before the meeting dissolves. 

Some actual steps to be followed on the day of the future search conference have 

been documented by Sellnow [234]. These include asking the following questions: 

i. Where are we coming from? This highlights the main problems faced by 

focusing on the past. 

ii. Which external trends do we have to face and what are we doing about it? 

This represents an external and internal focus on the present situation. 

iii. Where do we want to go from here? This seeks out future direction. 

iv. What are the measures, projects and next steps? This step seeks out 

consensus on schemes for development. 
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The future search conference method has found application in several areas from 

urban city planning using Nuremburg as a case study [234] to product redesign in 

IKEA [235]. There are several adaptations of the future search conference method and 

this study will utilise one such adaption using mind maps. In this study, each decision 

maker was given 4 dots to assign to each branch of the mind map with the dots 

colour-coded as in Table 1. The branch with the highest priority emerged as the most 

important. For instance, a branch with only blue dots will not be selected in the 

existence of another branch with blue and green dots. Further details of the procedure 

as applied in this study are presented in the results section. 

 

 

Table 1: Future search conference priority coding legend 

Colour Implication 

Red Lowest priority 

Yellow Medium priority 

Green Highest priority 

Blue No rating 

 

 

After discussing the various group decision-making techniques which can be 

used to generate inputs to the ANP model, the future search conference method was 

selected as a means to produce preliminary inputs to the model in this study. It was 

preferred over the NGT and the Delphi method due to its unique characteristic of 

focusing group members on the future, which is the dominant principle of 

sustainability. It also serves to focus conference participants on what will be of most 

benefit to the community. A combined future search conference-ANP model would be 

developed for this study and then evaluated by several experts through case studies 

revealing the most sustainable LTI in the opinion of each expert. The responses of all 

the experts would then be combined using the geometric mean to generate the 

collective opinion of the most sustainable LTI in the opinion of all the experts 

surveyed. This process is described in greater detail in Chapter 4 and Chapter 5. 
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Chapter 4: A Proposed Methodology 

This chapter presents the framework developed in this study. First the goal of 

the study which is to select a sustainable learning technology intervention (LTI) was 

identified. Next, a literature survey was conducted into the different components of 

the problem and this literature survey produced some potential LTI alternatives which 

can be implemented in a developing country. The literature survey also revealed some 

important parameters which need to be taken into account in the selection of a 

sustainable LTI. The results of the literature survey in the form of the LTI alternatives 

and important parameters were presented to experts who then conducted a future 

search conference to identify the five most viable LTIs and the twelve most important 

parameters. These formed the inputs to an ANP model where the parameters were 

clustered as benefits, opportunities, resources and risks (BOCR). A pairwise 

comparison questionnaire was designed for this model and again, experts were 

consulted to complete this questionnaire and their responses provided an insight into 

their opinion of the most sustainable LTI. A flowchart showing the sequence of events 

undertaken in this study is presented in Figure 3.  
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Figure 3: Framework of the study 
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The 10 (LTIs) identified through a survey of the literature have been discussed 

at length in Chapter 2 and are summarised in Table 2.  

 

 

Table 2: Selected learning technology interventions 

Learning Technology Interventions 

1. Educational radio 

2. Educational television 

3. Mobile phone applications 

4. Dedicated educational mobile devices 

5. Ubiquitous learning 

6. School on wheels 

7. One laptop per child 

8. Massive open online courses (MOOCs) 

9. Internet cafés 

10. Online tutoring 

 

 

Next, the important criteria which affect their sustainable implementation have 

also been identified through a literature survey. This information is presented in Table 

3. The parameters have been grouped under the headings of benefits, opportunities, 

resources (costs) and risks. 

After identifying the LTI alternatives and the important parameters, a choice 

of synthesis method has to be made. MCDM techniques have been identified as 

particularly apposite to this kind of decision problem. A MCDM technique, the AHP 

has been described at length and suggested for use in this problem. The ANP however 

has been chosen over the AHP as it is a more generalised form and allows for 

feedbacks and loops between the various parameters of the model. The next section of 

this chapter deals specifically with why the ANP was chosen over the AHP in this 

study.  
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Table 3: LTI sustainability parameters 

Benefits 

Factors Explanation References 

Education quality  [6, 236] 

Improved learning outcomes  [6, 23-25, 

237-240] 

Student Participation and 

Retention 

 [6, 23-25] 

Better teaching technique  [6] 

Disadvantaged populations  [6] 

Improved Health  [6, 238, 239, 

241, 242] 

Poverty reduction  [242-244] 

Opportunities 

Factors Explanation References 

Economic development  [1, 16, 67, 

239, 240, 242, 

245, 246] 

Social  [1, 247, 248]  

Gender equity Improving access to females [1, 23-25, 238, 

242, 247, 248]  

Access (NER/GER) Enrolment rates [6, 247, 248] 

Encouraging further 

education 

 [6, 238, 239] 

Resources 

Factors Explanation References 

Capital and Land Money [49, 67] 

Labour People, knowledge and skills [6, 49, 147] 

Infrastructure  [6, 49, 67] 

Risks 

Factors Explanation References 

Adoption Adoption of technology by users [50, 63, 67, 

249] 

Resilience to change Political, cultural alignment amongst others [1, 6, 243, 

247] 

Alignment with Education 

policy/curriculum 

 [63-65] 
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4.1  Choice of ANP over AHP 

This section details specific examples of why the ANP was chosen over the 

AHP as a synthesis method for this study. 

The primary distinction between the AHP and the ANP is that the latter allows 

for feedback and loops interconnections amongst the elements of the model whilst the 

former does not. The AHP only allows for uni-directional synthesis of the model. For 

instance, consider the AHP model in Figure 4. 

 

Figure 4: Example AHP model of LTI selection 
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In the AHP model, the alternatives (one laptop per child, school on wheels and 

mobile phones) are pairwise compared with each other, with respect to each element 

above them in the hierarchy (drives economic development, cost, etc.) in turn. As 

these comparisons are implemented independently (one criterion at a time) the impact 

of a criterion on another is not taken into account in the AHP model. For instance, 

comparing one laptop per child with school on wheels with respect to cost will 

definitely indicate that one laptop per child is more costly. However, this increased 

cost directly impacts on its ability to drive economic development for companies that 

manufacture LTIs. If one laptop per child is selected as the LTI of choice, then 

perhaps a local firm will be contracted to manufacture these laptops at a cheaper cost, 

distribution networks will develop to facilitate delivery of these laptops to students, 

technology centres will be commissioned to provide technical support to the users of 

these laptops and on the whole, there will be significant economic activity as a result 

of the higher cost associated with the one laptop per child as more money is released 

into the economy as a result. 

Another example can be found when school on wheels is compared with 

mobile phones with respect to providing access to better teachers. This comparison 

may yield a higher priority for school on wheels as it involves teachers actually 

engaging with students whilst mobile phones on the other hand, may be provided as 

an independent learning intervention to students in places which are unreachable by 

school on wheels. However, providing access to better teachers will also directly 

impact on the learning outcomes of a selected LTI. So if school on wheels provides 

access to better teachers – and all other factors remaining constant – it is expected that 

this would result in improved learning outcomes. 

Also, assuming a portfolio of LTIs, selecting school on wheels as an 

intervention will result in fewer mobile phone and one laptop per child projects being 

implemented. These examples illustrate the shortcomings of the AHP in this particular 

research study and the preference for the ANP becomes evident. The feedback 

relationships described can be shown in the ANP model as in Figure 5. 
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Figure 5: ANP adaptation of example 
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Chapter 5: Design of the Study 

This chapter describes in detail the steps of the study. This thesis aims to 

facilitate the selection of a sustainable learning technology intervention (LTI) for 

development. To achieve this, a framework must initially be defined of the most 

important parameters which influence the sustainability of any LTI. This framework 

must then be validated by experts in education, learning technology and development 

fields. The rest of this chapter will detail the steps of how this research was designed 

and conducted. 

1.  Learning Technology Interventions (LTIs) which have been used in different 

educational settings across the globe were identified through a search of the 

literature. This search produced a comprehensive list of 10 LTIs described in 

detail in the literature review of Chapter 2. 

2. After identifying 10 LTIs through a literature survey, it was also desirable to 

reduce this list for three reasons: first, in order to discover the experts’ 

opinions on the LTIs, second to determine if they were all equally important 

enough for consideration and third in order to make the model more tractable. 

Consequently, the list of 10 LTIs was reduced to 5 LTIs using the future 

search conference method described in Chapter 3. The details of the experts 

who participated in the future search conference are presented in Table 4.  

 

 

Table 4: Mindmapping conference participants 

 Designation Organisation 

1. Deputy CEO Chef International 

2. Former provincial secretary for Education Pakistani Government 

3. Principal Allied School 

4. Deputy director for Education (Retired)  Education department 

5. Mathematics teacher Local government school 

6. CEO MAAC Global 

7. CEO Dech Enterprise ltd 

8. Professor COMSATS 

9. Official World Bank 

10. Head of BD TeleTaleem 

11. CEO TeleTaleem 

12. Professor American University of Sharjah 
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3. The experts selected 5 out of the 10 LTIs as the most important. The 5 LTIs 

are shown in Table 5 in the order in which they were selected. So school on 

wheels was rated highest whilst educational television received the lowest 

rating for selection. The other 5 LTIs were eliminated for various reasons. One 

laptop per child was viewed as too expensive and impracticable whilst internet 

cafés were viewed as irrelevant since a growing proportion of the population 

now has internet at home. The detail of the expert analysis using the future 

search conference method is presented in the results section of this paper. 

 

 

Table 5: Expert selection of 5 LTIs 

Learning Technology Interventions 

1. School on wheels 

2. Mobile phone applications 

3. Online tutoring 

4. Massive open online courses (MOOCs) 

5. Educational television 

 

 

4. Since the assessment of the LTIs is to be based on their immediate benefits, 

future opportunities, required resources and inherent implementation risks, 

experts were asked to suggest what – in their opinion – constituted the most 

important benefits, opportunities, resources (costs) and risks (BOCR). The 

experts were presented with the parameters identified from the literature 

survey, characterised under the BOCR headings and asked to select or suggest 

three parameters that would later serve as inputs to the sustainability model. 

The parameters suggested by the experts are presented in Table 6. 
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Table 6: Expert selected BOCR parameters 

Benefits 

Factor Explanation 

1. Provides access to better 

teachers 

 

Does the implementation of this LTI facilitate improved 

access to better teachers who will benefit students? 

2. Improves learning outcomes Does the LTI improve learning outcomes whether 

measured by assessments or other means? 

3. Increases productivity 

 

Does the implementation of this LTI improve the 

overall productivity of the learning process? 

Opportunities 

Factor Explanation 

1. Provides access to teachers 

and/or learning resources. 

Does the implementation of this LTI improve access to 

teachers and to learning resources required by them? 

2. Drives economic 

development for companies 

that make LTIs. 

Does the implementation of this LTI contribute to the 

economic development of companies that 

manufacture LTIs? 

3. Eradicates poverty. In the long run, will this LTI contribute to eradicating 

poverty? 

Resources 

Factor Explanation 

1. Unaffordability How unaffordable is this LTI? 

2. Requiring teacher training 

or competence. 

Does this LTI require significant teacher training or 

competence? 

3. Availability of electricity. Does this LTI require availability of electricity in order 

to be effective? 

Risks 

Factor Explanation 

1. Non-adoption Are teachers likely to not adopt this LTI? 

2. Misunderstanding end-user 

requirement 

Are end users likely to misunderstand requirements in 
implementing this LTI? 

3. Religion and Taboo Will this LTI face opposition due to religion and taboo? 
 

 

 

5. After identifying five LTIs and three BOCR parameters considered most 

important by the experts, an ANP model was constructed to assess the five 

LTIs using the three BOCR parameters in order to determine the most 
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sustainable LTI. The ANP model was synthesised using the SuperDecisions 

software. The five LTIs constituted the alternatives; the benefits, 

opportunities, resources and risks (BOCR) formed the control criteria, and the 

three respective BOCR parameters constituted sub-criteria under each control 

criterion. 

6. In constructing the ANP BOCR model, a complex two layer model with four 

sub-networks was built. The top layer was a hierarchy comprising the goal and 

control criteria. There were three sub-networks (sub-criteria) associated with 

each control criterion and each sub-network also contained a cluster with the 

alternatives which together formed the bottom layer of the model.  

7. The four criteria used in the top layer were: benefits, opportunities, resources 

and risks. The goal of the model is to select the most sustainable learning 

technology from the five alternatives. 

8. The top-level of the model used a multiplicative formula to combine the 

results synthesised from the lower level in order to get an indication of short-

term results. However the multiplicative formula cannot be used for sensitivity 

analysis as the B, O, C, R cancel out, hence the additive formula was used. 

The results of both formulae have also been compared. 

9. The goal, criteria, sub-criteria and alternatives (which constitute the nodes of 

the network) were used to design a pairwise comparison questionnaire, the 

results of which formed the input data of human judgements to the ANP 

model.  

10. In order to test this model, the pairwise comparison questionnaire was 

completed by a selected group of experts within the educational technology 

and sustainability fields. 

11. The set of responses provided by each decision-making expert was fed into the 

ANP model and used to generate an outcome which represented that expert’s 

preferred choice of most sustainable learning technology intervention. 

Sensitivity analysis was also performed on each expert’s model to identify 

sensitive parameters. 

12. Further, the responses of all the experts were combined using the geometric 

mean in order to determine their collective opinion of most sustainable LTI. 

13. Lastly, sensitivity analysis was conducted on the collective opinion to 

investigate the most sensitive parameters in the consensus model. 
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Chapter 6: Results 

This chapter will present the results obtained from the different stages of this 

study. The first result presented is of the future search conference which produced the 

inputs to the ANP model. The chapter goes further to discuss the results obtained 

from the experts’ pairwise comparisons in the ANP model. The next chapter provides 

a conclusion of the study. 

6.1 Application of the Future Learning Conference Method 

In order to select the most important parameters under each of the Benefits, 

Opportunities, Resources and Risks (BOCR) criteria, the future learning conference 

method was implemented. This method was also used to reduce the number of 

alternative learning technology interventions (LTIs) from the 10 LTIs compiled 

through the literature review to 5 LTIs. In this conference, 10 experts were drawn 

from various areas including a school mathematics teacher and principal, two 

professors, chief executives of education non-governmental organisations (NGOs) 

and a representative of a donor agency (the World Bank). 

In implementing the future learning conference technique, a mindmap 

approach was implemented whereby each of the Benefits, Opportunities, Resources 

and Risks (BOCR) represented branches of the mindmap and the goal was to select a 

sustainable LTI. Each branch of the mindmap had several sub-branches which 

represented the different BOCR parameters on which the experts had to vote. Each 

conference participant was presented with four dots per mindmap branch and was 

tasked with distributing these dots on the branch based on his opinion of the 

importance of each parameter. The dots were coloured red, yellow, green and blue 

and the interpretation of this code is given in Table 7. 

 

 

Table 7: Colour code 

Colour Points Implication 

Red -1 Do not implement/Not important 

Yellow 0.5 May be good to implement 

Green +1 Definitely good to implement 

Blue 0 (tie breaker) Nice to implement but not practical 
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The resultant mindmap is presented Figure 6. The mindmap has been analysed by 

branch and a prioritisation of the issues by each of the BOCR parameters follows. The 

alternatives were also rated using this technique and five alternatives with the highest 

agreement by the experts were selected. What follows is an in-depth analysis of the 

individual BOCR branches of the mindmap. 

 

 

Figure 6: Mindmap of BOCR parameters 
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6.2 BOCR Criteria and Parameter Analyses 

6.2.1  Benefits. 

 

Figure 7: Mind map benefits branch 

 

 

Table 8: Prioritisation of benefits issues 

Issue 

Not practical 

(blue) 

Not 

important 

(red) 

Second 

priority 

(yellow) 

First 

priority 

(green) 

Importance 

(% response) 

Agreement 

(% positive) 

Improved learning outcomes 3 0 3 1 21% 57% 

Improved working 

environment 0 3 2 1 18% 50% 

Immediate community benefit  2 0 0 0 6% 0% 

Better involvement of 

community 1 0 0 0 3% 0% 

"Authentic learning" 0 2 0 1 9% 33% 

Personalised learning 2 0 0 0 6% 0% 

Increased productivity 0 0 3 0 9% 100% 

Increased motivation 1 1 0 0 6% 0% 

Access to better teachers 0 0 0 7 21% 100% 

Learning resources 0 1 0 0 3% 0% 
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The benefits branch of the mindmap can be viewed in detail in Figure 7. The 

information in this branch has been coded and the issues prioritised as represented in 

Table 8. From Table 8, it can be seen that the three most important issues in the 

opinion of the experts are improved learning outcomes, access to better teachers and 

improved working environment. Of these three most important issues however, the 

only one with 100% agreeement was access to better teachers. The other issue with 

100% agreement was increasing productivity.  Access to better teachers was the only 

issue considered as a first priority by everyone who voted on it. Four issues – better 

involvement of community, immediate community benefit, increased motivation and 

learning resources received no first or second priority votes and consequently had the 

lowest response rates and no agreement on them. From the graph, it can be seen that 

three issues – immediate community benefit, personalised learning and increased 

motivation – had the same response and agreement and were thus represented by a 

single point on the graph. The issues of learning resources and better involvement of 

community also had the same response and agreement rates and were represented by a 

single point on the graph. Points that represented more than one issue have the issues 

colour-coded to facilitate easy recognition. 

As a result of this analysis, the three issues that were selected as the most 

important benefits parameters were increasing productivity, access to better teachers 

and improved learning outcomes with agreements of 100%, 100% and 57% 

respectively. This information is also presented graphically in Figure 8. 
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Figure 8: Graphical prioritisation of benefits issues 

 

 

6.2.2  Opportunities. 

The opportunities branch of the mind map is shown in detail in Figure 9. The 

coded information has been tabulated in Table 9 and also represented graphically in 

Figure 10. 

 

 

 

Figure 9: Mind map opportunities branch 
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From Table 9, the three most important issues in the opinion of the experts are 

global competitions, reducing poverty and access. These issues received the highest 

number of responses 18%, 18% and 13% respectively. However the two issues with 

the highest number of responses in fact received the second lowest percentage of 

agreement amongst the experts and only the third issue (access) with 13% response 

received 100% agreement amongst the experts. The only other issue to be agreed 

upon (100%) by the experts was drive economic growth in indigenous ICT. The issue 

of connecting to the world as a global citizen was viewed as nice to have by only one 

participant and in fact received the lowest response rate (3%) and no agreement (0%). 

The three opportunities parameters with the highest agreement were thus access, drive 

economic growth in indigenous ICT and transparency with agreements of 100%, 

100% and 67% respectively. 

 

 

 

Table 9: Prioritisation of opportunities issues 

Issue 

Not practical 

(blue) 

Not 

important 

(red) 

Second 

priority 

(yellow) 

First 

priority 

(green) 

Importance 

(% response) 

Agreement  

(% positive) 

Alignment with global 

academic standards 2 1 1 1 13% 40% 

Global competitions 0 5 1 1 18% 29% 

Transparency 0 1 1 1 8% 67% 

Access 0 0 0 6 16% 100% 

Gender equity 0 3 0 1 11% 25% 

Reducing poverty 6 0 1 0 18% 14% 

Drive economic growth in 

indigenous ICT 0 0 4 1 13% 100% 

Connecting to world "global 

citizen" 1 0 0 0 3% 0% 
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Figure 10: Graphical prioritisation of opportunities issues 

 

 

 

6.2.3  Resources. 

 

Figure 11: Mind map resources branch 
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Figure 11 shows a close-up view of the resources branch of the mind map. 

Detailed analysis of this information is presented in Table 10 and Figure 12 and 

shows that cost of internet access, cost effectiveness and affordability received the 

highest number of responses from the experts with percentage responses of 28%, 19% 

and 17% respectively. Despite this, there was no agreement on the issues of cost of 

internet access and cost effectiveness as no expert assigned to either of them a first or 

second priority; consequently, they both had an agreement of 0%. Teacher training 

(ICT skills) was considered least important by the experts and consequently received 

the lowest response rate of 8%; however, all the experts who voted on it agreed that it 

was of first priority and hence it had an agreement of 100%. 

The issues with the highest agreement which were selected as resource 

parameters were affordability, teacher training (ICT skills) and access to 

power/electricity and they received agreements of 100%, 100% and 80% respectively. 

Of all resource issues considered, affordability received the highest number of first 

priority votes with five green dots. 

 

 

 
Table 10: Prioritisation of resources issues 

Issue 

Not practical 

(blue) 

Not important 

(red) 

Second 

priority 

(yellow) 

First 

priority 

(green) 

Importance 

(% response) 

Agreement 

(% positive) 

Cost of internet access 2 8 0 0 28% 0% 

Affordability 0 0 1 5 17% 100% 

Teacher training  

(ICT skills) 0 0 0 3 8% 100% 

Cost effectiveness 2 5 0 0 19% 0% 

Access to funding 

(government) 3 0 1 1 14% 40% 

Access to 

power/electricity 1 0 2 2 14% 80% 
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Figure 12: Graphical prioritisation of resources issues 
 

 

 

6.2.4  Risks. 

 

Figure 13: Mind map risks branch 
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The risks branch of the mind map is shown in Figure 13 and the detailed 

analysis presented in Table 11 and Figure 14. Analysing this information shows that 

there was no agreement (0%) on seven issues and full agreement (100%) on another 

seven issues. Of the issues considered, teacher non-adoption and lack of visibility for 

the donor received significant discussion with response rates of 58% and 50% 

respectively; however lack of donor visibility was viewed as least important as it 

received six red dots and no agreement whilst teacher non-adoption received the 

highest number of first priority votes with seven green dots. The issue with the most 

responses was interest with a response rate of 75% but this was viewed as impractical 

by most experts who voted on it and received six blue dots and no first priority 

(green) dots. The issues with the least responses were short term capacity building, 

lack of government policy, lack of infrastructure, empowering teachers and teacher 

induction with response rates of only 8% each.  

Four issues – short term capacity building, lack of government policy, lack of 

infrastructure and empowering teachers – received the same response rate and 

agreement (8%, 0%) from the experts and have been represented by a single dot on 

the graph whilst their titles have been colour-coded on the graph to facilitate easy 

identification. These four issues also had the least agreement and response from the 

expert with short term capacity building and lack of government policy being viewed 

as not important by the sole experts who voted on them, whilst lack of infrastructure 

and empowering teachers were considered impractical issues by the sole experts who 

voted on them as well. Three other issues – religious backlash, teacher competence 

and ICT awareness of teachers – were viewed as equally important and agreed upon 

(100% agreement) by all the experts who voted on them. Consequently, they have 

been represented by a single dot on the graph with the issues colour-coded to ease 

identification. After analysing the risks parameters, the three selected parameters were 

teacher non-adoption, not addressing end-user requirements and religious backlash all 

with agreements of 100% but response rates of 58%, 42% and 17% respectively. 
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Table 11: Prioritisation of risks issues 

Issue 
Not practical 

(blue) 
Not important 

(red) 

Second 
priority 
(yellow) 

First 
priority 
(green) 

Importance 
(% response) 

Agreement 
(% positive) 

Short term capacity building 0 1 0 0 8% 0% 

Lack of government policy 0 1 0 0 8% 0% 

Religious backlash 0 0 0 2 17% 100% 

Lack of visibility for the donor 0 6 0 0 50% 0% 

Lack of infrastructure 1 0 0 0 8% 0% 

Empowering teachers 1 0 0 0 8% 0% 

Teacher non-adoption 0 0 0 7 58% 100% 

Teacher competence 0 0 2 0 17% 100% 

Lack of indigenous 
technology development 0 4 0 0 33% 0% 

Teacher induction 0 0 0 1 8% 100% 

Lack of community 
engagement 0 0 3 0 25% 100% 

Interest (e.g. selling 
computers) 6 1 2 0 75% 22% 

ICT awareness of teachers 0 0 0 2 17% 100% 

Not addressing end-user 
requirements 0 0 5 0 42% 100% 

Political will (government) 3 0 0 0 25% 0% 

 

 

Figure 14: Graphical prioritisation of risks issues 
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6.3 Alternatives Analysis 

The alternatives and their ratings are presented in Figure 15. The prioritisation 

of these alternatives is shown in both Table 12 and Figure 16. From the analysis, it is 

obvious that no alternative received up to 25% response as the highest response rate 

was 16% for school on wheels which also received 100% agreement because all the 

responders rated it either first priority or second priority. The lowest response rate 

(2%) was for educational radio with one second priority vote, followed by educational 

television (7% response) with two second priority votes and one first priority vote. 

Three alternatives – one laptop per child, internet cafés and automated tutors – all 

received 0% agreement and a 14% response rate each and were represented by a 

single dot on the graph with the alternatives being colour coded on the graph to 

facilitate recognition. One laptop per child as viewed by all experts who voted on it as 

impractical, internet cafés was viewed by all experts who voted on it as unimportant 

whilst automated tutors was viewed as impractical and unimportant by those who 

voted on it. Mobile phones and online tutoring both received the same level of 

response and agreement, 9% and 100% (represented by a single dot on the graph) 

respectively but mobile phones was agreed upon as a first priority importance whilst 

the experts were evenly split between first and second priorities for online tutoring. A 

total of five alternatives received 100% agreement and of these, mobile phones and 

school on wheels received the highest number of first priority votes with four green 

dots each.  
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Figure 15: Alternative LTI coding 

 

Table 12: Prioritisation of alternatives 

Alternative 

Not 

practical 

(blue) 

Not 

important 

(red) 

Second 

priority 

(yellow) 

First priority 

(green) 

Importance 

(% response) 

Agreement 

(% positive) 

Educational Radio 0 0 1 0 2% 100% 

Educational television 0 0 2 1 7% 100% 

Mobile phones 0 0 0 4 9% 100% 

School on wheels 0 0 3 4 16% 100% 

One laptop per child 6 0 0 0 14% 0% 

MOOCs 2 0 4 0 14% 67% 

Online tutoring 0 0 2 2 9% 100% 

Internet cafés 0 6 0 0 14% 0% 

Automated tutors 2 4 0 0 14% 0% 
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Figure 16: Graphical prioritisation of alternatives 

 

 

In summary, using the future learning workshop method has facilitated 

gaining a consensus picture of experts’ view on sustainable learning technology 

interventions and the benefits, opportunities, resources and risks to be considered in 

the selection process. As a result of this group brainstorming exercise, five LTIs have 

been identified and three each of benefits, opportunities, resources and risks 

parameters have been selected and this information is presented in Table 13 and Table 

14 respectively. 

 

 

 

 



83 

 

Table 13: Selected learning technology interventions 

 

  

 

 

Table 14: Selected BOCR Parameters 

Benefits 

Access to better teachers 

Improved learning outcomes 

Increased productivity 

Opportunities 

Access to teachers/learning resources 

Drive economic development for companies that make LTIs 

Eradicate poverty 

Resources 

Affordability 

Teacher training/competence 

Access to power/electricity 

Risks 

Teacher non-adoption 

Not addressing end-user requirements 

Religion and taboo 

 

  

Learning Technology Interventions 

1. School on wheels 

2. Mobile phone applications 

3. Online tutoring 

4. Massive open online courses (MOOCs) 

5. Educational television 



84 

 

Chapter 7: Case studies 

This chapter will present the results of eight case studies of expert analyses of 

the proposed framework using the ANP ratings scale. The results are presented using 

both the multiplicative formula (marginal cost/benefit analysis) and the additive 

formula (considered best for long-term results). The eight experts who participated in 

this study were selected from various fields including school teachers, CEOs of 

education NGOs, experts in the learning technology industry and a government 

official. The study took place in Pakistan between the months of February and May 

2013. The chapter presents eight case studies of the individual judgements of each of 

the eight experts. This is followed by a summary section detailing observations from 

the case study analyses. The final section of the chapter presents the collective 

opinion of the group of eight experts This was achieved by combining their individual 

judgements using the geometric mean. 

7.1  Case 1 - Expert 1 Analysis 

7.1.1  Priorities. 

The first expert involved in this study was a CEO of an education NGO. The 

expert completed all the questions in the ANP survey and a summary of the results of 

his ratings are presented in Table 15. It shows the normalised weightings of each 

alternative on each of the BOCR criteria and also the different weights assigned to 

each of them by the expert. The results synthesised using both the additive and 

multiplicative formulae are also shown. 

 

Table 15: Outcome of Expert 1's ratings 

Alternative Benefits 

 

Opportunities 

 

Resources 

 

Risks 

 

Additive Multiplicative 

 0.5283 0.3050 0.1057 0.0610 Result Ranking Result Ranking 

School on 

wheels 

0.2792 0.0820 0.2445 0.1633 0.2306 3 0.0658 3 

Mobile 

phones 

0.1817 0.4632 0.0981 0.1615 0.2975 1 0.6106 1 

Online 

tutoring 

0.1577 0.1716 0.2051 0.0720 0.1596 4 0.2104 4 

Educational 

TV 

0.1348 0.0826 0.2225 0.3472 0.0784 5 0.0165 5 

MOOCs 0.2466 0.2006 0.2298 0.2559 0.2339 2 0.0966 2 
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From the values shown, it can be observed that school on wheels ranks highest 

for benefits and resources and ranks lowest for opportunities; so this expert is of the 

opinion that school on wheels will provide the most immediate benefits but the least 

future opportunities whilst also requiring the most resources compared with the other 

four LTIs. Mobile phones rank highest for opportunities and lowest for resources and 

risks meaning they are anticipated to provide the best opportunities in the future at the 

least resource cost and minimal risk. Online tutoring has the second largest resource 

requirement after school on wheels whilst educational TV was viewed to provide the 

least overall benefits. MOOCs were viewed to provide considerable benefit but ranked 

averagely on the other criteria.  

 The alternative weights with respect to the overall goal using both additive and 

multiplicative synthesis can be viewed graphically in Figure 17. It can be observed 

that mobile phones rank the highest overall, using both synthesis methods; this is due 

to its high opportunities, medium benefits and low costs and risks. Educational TV 

ranked lowest overall due to its low benefits and opportunities and high risk 

weightings. 

 

 

 

Figure 17: Graphical illustration of Expert 1’s alternative rankings 
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7.1.2  Consistency ratios. 

7.1.2.1  Bottom level. 

This level includes the ratings from two sets of comparisons. The first set of 

comparisons is of pairs of the five alternatives with respect to each of the three 

benefits, opportunities, resources and risks (BOCR) parameters in turn. For instance, 

school on wheels is compared with mobile phones with respect to which of the two 

alternatives provides improved access to better teachers. This pairwise comparison is 

repeated until the five alternatives have been exhaustively compared with respect to 

the first benefit parameter (access to better teachers). This results in 3 sets of 10 

questions for each parameter or 30 questions for each of the 4 BOCR control criteria, 

giving 12 sets of comparisons in total. 

The consistency ratios (CRs) for each group of 10 questions have been 

recorded and are presented in Figure 18. As it is desirable to have a CR of 0.1 or less, 

values higher than 0.1 have been coloured in red font. 

 

 

 

 

Figure 18: Expert 1 consistency ratios by parameter 
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It can be seen from Figure 18 that 25% of the comparisons are inconsistent 

and of the three inconsistent values, the CR for access to better teachers is 

significantly greater than 0.1 with a value of 0.25. 

The second set of comparisons is of pairs of the three BOCR parameters with 

respect to each alternative in turn. For instance access to better teachers is compared 

with improved learning outcomes to determine which of the two benefits is a more 

prominent characteristic of school on wheels as a learning technology intervention 

(LTI). This results in 4 sets of comparisons for each of the 5 alternatives or 20 sets of 

comparisons in total. The consistencies are presented in Figure 19. Most of the CRs 

are inconsistent but the highest CR values are for the resources comparisons of online 

tutoring and MOOCs both with a CR of 0.84. This may be ascribed to incomplete 

understanding of how to rate resources for both these LTIs by the expert. 

 

 

Figure 19: Expert 1 consistency ratios by alternative 
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7.1.2.2  Top level. 

This level involved the ratings of the importance of benefits, opportunities, 

resources and risks control criteria with respect to the goal. For instance, the expert 

was asked to pairwise compare benefits and opportunities with respect to which of the 

two is more important to the goal of a sustainable learning technology intervention. 

This level of comparisons was undertaken with the view of understanding whether 

experts were more in favour of immediate short term changes (and hence assign 

greater importance to benefits and resources) or long term changes (and thus assign 

greater importance to opportunities and risks). This set of six questions yielded a CR 

of 0.12. 

7.1.3  Sensitivity analysis. 

 The sensitivity analysis was conducted by perturbing the weights of each of 

the BOCR control criteria to a high, medium and low value and recording the impact 

on the rankings of the alternatives. The additive formula has been used to synthesise 

the overall results. Table 16 presents the sensitivity on the benefits node and shows 

that mobile phones and educational TV maintain their first and last positions 

respectively regardless of the value of the benefits parameter. MOOCs on the other 

hand is more to high and low benefits values whilst online tutoring and school on 

wheels are affected by any changes in the values of the benefits criterion. 

 

 

Table 16: Expert 1 benefits sensitivity analysis 

Benefits High (0.6) 
Medium 
(0.25) Low (0.1) 

Reference 

(additive formula) 
Alternative Ranking 

School on wheels 2 4 4 3 

Mobile phones 1 1 1 1 

Online tutoring 4 3 2 4 

Educational TV 5 5 5 5 

MOOCs 3 2 3 2 
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Table 17 shows the sensitivity on the opportunities node and reveals that 

mobile phones in this case are sensitive to low values for the opportunities parameter 

whilst educational TV remains unaffected. 

 

Table 17: Expert 1 opportunities sensitivity analysis 

Opportunities High (0.6) 
Medium 
(0.25) Low (0.1) 

Reference  

(additive formula) 
Alternative Ranking 

School on wheels 4 2 1 3 

Mobile phones 1 1 3 1 

Online tutoring 3 4 4 4 

Educational TV 5 5 5 5 

MOOCs 2 3 2 2 

 

 

Table 18 shows the sensitivity on the resources node and reveals that only 

school on wheels and online tutoring are sensitive to high resource priorities whilst 

the other alternatives are not. 

 

 

Table 18: Expert 1 resources sensitivity analysis 

Resources High (0.6) 
Medium 
(0.25) Low (0.1) 

Reference  

(additive formula) 
Alternative Ranking 

School on wheels 4 3 3 3 

Mobile phones 1 1 1 1 

Online tutoring 3 4 4 4 

Educational TV 5 5 5 5 

MOOCs 2 2 2 2 
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Table 19 shows the sensitivity on the risks node and reveals that educational 

TV is the only non-sensitive alternative. In summary, the sensitivity analysis shows 

that educational TV is insensitive to perturbations of the BOCR criteria and remains 

the least sustainable learning technology intervention in the opinion of Expert 1. 

 

Table 19: Expert 1 risks sensitivity analysis 

Risks High (0.6) 
Medium 
(0.25) Low (0.1) 

Reference  

(additive formula) 
Alternative Ranking 

School on wheels 3 2 2 3 

Mobile phones 2 1 1 1 

Online tutoring 1 3 4 4 

Educational TV 5 5 5 5 

MOOCs 4 4 3 2 

 

 

In summary, Expert 1’s judgements indicate that mobile phones is the most 

sustainable LTI due to its excellent opportunities (an opportunities ranking of 1), good 

benefits (a benefits ranking of 3), minimal resource requirements (a resources ranking 

of 5) and low risks (a risks ranking of 4). Sensitivity analysis also indicates that 

mobile phones maintain the first position except for low opportunities or high risks 

values. Educational TV, on the other hand remains as the least sustainable alternative 

even after perturbing the values of the BOCR parameters in the sensitivity analysis. A 

high value for the risks parameter appears to be the most sensitive parameter as it 

changes the rankings of three out of the five alternatives, representing the greatest 

change of all the perturbed BOCR parameters. 

The consistency ratios by parameter shown in Figure 18 were mostly 

consistent but with three out of twelve values higher than the targeted consistency 

value of 0.1. Of the three inconsistent values, only one was higher than 0.2 and this 

was for the pairwise comparisons with respect to access to better teachers and may 

have revealed this experts difficulty in quantifying how the different alternatives 

interact to provide access to better teachers. The consistency ratios by alternative 

shown in Figure 19 however reveal more inconsistent values with a high 
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inconsistency of up to 0.84 in two instances. This may be due to this expert’s 

difficulty in understanding the resource requirements of the alternatives. These 

consistency values could be improved by a second round survey where the expert 

could receive clarification on any issues which were previously unclear. Appendix B 

presents the supermatrices for this model. For this model, the weighted and 

unweighted supermatrices are the same as each cluster only contains two elements, 

the alternatives and the criteria. 

7.2  Case 2 - Expert 2 Analysis 

7.2.1  Priorities. 

The second expert involved in this study was a marketing official for an E-

learning company. The expert completed all the questions in the ANP survey and a 

summary of the results of his ratings are presented in Table 20. The table shows the 

normalised weightings of the alternatives on each of the BOCR criteria and also the 

different weights assigned to each criterion by the expert. The results synthesised 

using both the additive and multiplicative formulae are also presented in the table. 

 

 

Table 20: Outcome of Expert 2's ratings 

Alternative Benefits 

 

Opportunities 

 

Resources 

 

Risks 

 

Additive Multiplicative 

 0.2762 0.4875 0.1182 0.1182 Result Ranking Result Ranking 

School on 

wheels 

0.1861 0.1346 0.3796 0.0763 0.0907 3 0.0495 3 

Mobile 

phones 

0.3270 0.4606 0.1305 0.0942 0.4540 1 0.7013 1 

Online 

tutoring 

0.3951 0.3054 0.1581 0.1790 0.3453 2 0.2440 2 

Educational 

TV 

0.0316 0.0444 0.1632 0.3464 -0.0704 5 0.0014 5 

MOOCs 

 

0.0601 0.0549 0.1687 0.3041 -0.0396 4 0.0037 4 

 

 

From the values shown, it can be observed that mobile phones ranks highest 

for opportunities and lowest for resources making it the most desirable alternative. 

Educational TV on the other hand is the least desirable alternative as it ranks lowest 

for benefits and opportunities whilst simultaneously having the highest risks value of 
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all the alternatives.  MOOCs is the next least desirable alternative as it has the second 

highest risk and resource requirement whilst concurrently having the lowest benefits 

and opportunities. Both Educational TV and MOOCs have negative results from the 

additive synthesis signifying that the sums of their resources and risks outweigh any 

benefits and opportunities from their implementation. Online tutoring ranks second 

due to its high costs whilst school on wheels ranks third due to its high risks. 

 The alternative weights with respect to the overall goal using both additive and 

multiplicative synthesis can be viewed graphically in Figure 20Figure 17. It can be 

observed that mobile phones ranks the highest overall, using both synthesis methods; 

this is due to its high benefits and opportunities, and low costs and risks. Educational 

TV ranked lowest overall due to it having the lowest benefits and opportunities values 

and also being the most risky alternative. 

 

 

 

Figure 20: Graphical illustration of Expert 2’s alternative rankings 
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7.2.2.1  Bottom level. 

This level includes the ratings from two sets of comparisons. The first set of 
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school on wheels is compared with mobile phones with respect to which of the two 

alternatives provides improved access to better teachers. This pairwise comparison is 

repeated until the five alternatives have been exhaustively compared with respect to 

the first benefit parameter (access to better teachers). This results in 3 sets of 10 

questions for each parameter or 30 questions for each of the 4 BOCR control criteria, 

giving 12 sets of comparisons in total. 

The consistency ratios (CRs) for each group of 10 questions have been 

recorded and are presented in Figure 21. As it is desirable to have a CR of 0.1 or less, 

values higher than 0.1 have been coloured in red font. 

 

 

 

Figure 21: Expert 2 consistency ratios by parameter 

 

 

It can be observed from Figure 21 that 5 out of 12 or 42% of the comparisons 

are inconsistent however, even for those comparisons, the CR was within the range of 

0.2 to 0.26. The other comparisons had CRs well below the recommended value of 

0.1. The second set of comparisons is of pairs of the three BOCR parameters with 

respect to each alternative in turn. For instance access to better teachers is compared 

with improved learning outcomes to determine which of the two benefits is a more 

prominent characteristic of school on wheels as a learning technology intervention 

(LTI). This results in 4 sets of comparisons for each of the 5 alternatives or 20 sets of 

comparisons in total.  The consistencies are presented in Figure 22. Most of the CRs 
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are inconsistent with 11 out of 20 having values greater than 0.1. However, the 

highest CR value is for the risks comparisons of school on wheels with a CR of 1.52. 

This may be ascribed to this expert’s poor understanding of how the different risk 

factors affect the implementation of school on wheels. 

 

 

 

Figure 22: Expert 2 consistency ratios by alternative 

 

 

 



95 

 

7.2.2.2  Top level. 

This level involved the ratings of the importance of benefits, opportunities, 

resources and risks control criteria with respect to the goal. For instance, the expert 

was asked to pairwise compare benefits and opportunities with respect to which of the 

two is more important to the goal of a sustainable learning technology intervention. 

This level of comparisons was undertaken with the view of understanding whether 

experts were more in favour of immediate short term changes (and hence assign 

greater importance to benefits and resources) or long term changes (and thus assign 

greater importance to opportunities and risks). This set of six questions yielded a CR 

of 0.06. 

7.2.3  Sensitivity analysis. 

 The sensitivity analysis was conducted by perturbing the weights of each of 

the BOCR control criteria to a high, medium and low value and recording the impact 

on the rankings of the alternatives. The additive formula has been used to synthesise 

the overall results. Table 21  presents the sensitivity on the benefits node and shows 

that the rankings of all alternatives are unaffected by any changes in the values of the 

benefits criterion. 

 

 

Table 21: Expert 2 benefits sensitivity analysis 

Benefits 
 

High  
(0.6) 

Medium  
(0.25) 

Low  
(0.1) 

Reference 
(additive formula) 

Alternative Ranking 

School on wheels 3 3 3 3 

Mobile phones 1 1 1 1 

Online tutoring 2 2 2 2 

Educational TV 5 5 5 5 

MOOCs 4 4 4 4 
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Table 22 shows the sensitivity on the opportunities node and reveals that none 

of the alternatives are sensitive to changes in the weightings of the opportunities 

criterion. 

 

 

Table 22: Expert 2 opportunities sensitivity analysis 

Opportunities 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 3 3 3 3 

Mobile phones 1 1 1 1 

Online tutoring 2 2 2 2 

Educational TV 5 5 5 5 

MOOCs 4 4 4 4 

 

 

 

Table 23 shows the sensitivity on the resources node and reveals that only a 

high resources weighting affects the ranking of the alternatives. When resources are 

assigned a greater importance, school on wheels becomes the least desirable 

alternative as it is the most resource-hungry LTI. In this instance also, educational TV 

moves up from fifth place to fourth place as it requires less resources than school on 

wheels. 

 

 

Table 23: Expert 2 resources sensitivity analysis 

Resources 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 5 3 3 3 

Mobile phones 1 1 1 1 

Online tutoring 2 2 2 2 

Educational TV 4 5 5 5 

MOOCs 3 4 4 4 
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Table 24 shows the sensitivity analysis on the risks node and reveals that the 

rankings of all alternatives are insensitive to perturbations of the weighting of the 

risks criterion. 

 

 

Table 24: Expert 2 risks sensitivity analysis 

Risks 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 3 3 3 3 

Mobile phones 1 1 1 1 

Online tutoring 2 2 2 2 

Educational TV 5 5 5 5 

MOOCs 4 4 4 4 

 

 

To summarise, Expert 2 is of the opinion that mobile phones is the most 

sustainable LTI due to its excellent opportunities (an opportunities ranking of 1), good 

benefits (a benefits ranking of 2), minimal resource requirements (a resources ranking 

of 5) and low risks (a risks ranking of 4). Sensitivity analysis also indicates that 

mobile phones always maintains the first position regardless of the weightings 

assigned to each BOCR criterion. Sensitivity analysis also reveals that the rankings of 

the alternatives remains unaffected by the weightings of the BOCR criteria except for 

one instance where a high resource weighting changes the rankings of three 

alternatives – school on wheels, educational TV and MOOCs. 

The consistency ratios by parameter shown in Figure 21 revealed that nearly 

half (42%) of the comparisons were inconsistent whilst the consistency ratios by 

alternative shown in Figure 22 indicate that over half (55%) of the comparisons were 

inconsistent with one particularly high CR of 1.52 for the risks comparisons of school 

on wheels. This may be due to this expert’s difficulty in understanding how risks 

impact the implementation of school on wheels. These consistency ratios could be 

improved by a second round survey where the expert could receive clarification on 

any issues which were previously unclear. Appendix C presents the supermatrices for 

this model. 
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7.3  Case 3 - Expert 3 Analysis 

7.3.1  Priorities. 

The third expert involved in this study was a government official in the 

Pakistani Ministry of Education. The expert completed all the questions in the ANP 

survey and a summary of the results of his ratings are presented in Table 25. The table 

shows the weightings of the alternatives on each of the BOCR criteria and also the 

different weights assigned to each criterion by the expert. The results synthesised 

using both the additive and multiplicative formulae are also presented in the table. 

 

Table 25: Outcome of Expert 3's ratings 

Alternative Benefits 

 

Opportunities 

 

Resources 

 

Risks 

 

Additive Multiplicative 

 0.2096 0.4597 0.0493 0.2815 Result Ranking Result Ranking 

School on 

wheels 

0.3335 0.1301 0.0757 0.0784 0.3159 1 0.7640 1 

Mobile 

phones 

0.0972 0.3235 0.1163 0.2613 0.3001 2 0.1082 2 

Online 

tutoring 

0.4326 0.1366 0.3061 0.3082 0.0878 4 0.0655 3 

Educational 

TV 

0.0902 0.1313 0.2292 0.1378 0.0812 5 0.0392 4 

MOOCs 

 

0.0464 0.2785 0.2726 0.2143 0.2150 3 0.0231 5 

 

 

The additive and multiplicative formulae yield slightly different results in this 

case. The two alternatives school on wheels and mobile phones maintain their first and 

second position rankings respectively using both synthesis methods. However, the 

rankings of the remaining alternatives changes depending on whether emphasis is 

placed on short term or long term results. In the short term, using the multiplicative 

synthesis, online tutoring ranks higher in third place than both educational TV and 

MOOCs. In the long run however, MOOCs is more sustainable than online tutoring.  

From the values shown in the table, it can be observed that school on wheels 

ranks second highest for benefits and lowest for both resources and risks making it the 

most desirable alternative. MOOCs ranks lowest by the multiplicative synthesis due to 

having the least benefits whilst educational TV ranks lowest according to the additive 

synthesis due to its low benefits and opportunities values. 
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 The alternative weights with respect to the overall goal using both additive and 

multiplicative synthesis can be viewed graphically in Figure 23. It can be observed 

that school on wheels ranks the highest overall, using both synthesis methods; this is 

due to its high benefits, and low costs and risks. Educational TV or MOOCs ranked 

lowest depending on whether the additive or multiplicative synthesis method was 

used. 

 

 

Figure 23: Graphical illustration of Expert 3’s alternative rankings 

 

 

7.3.2  Consistency ratios. 

7.3.2.1  Bottom level. 

This level includes the ratings from two sets of comparisons. The first set of 

comparisons is of pairs of the five alternatives with respect to each of the three 

benefits, opportunities, resources and risks (BOCR) parameters in turn. For instance, 

school on wheels is compared with mobile phones with respect to which of the two 

alternatives provides improved access to better teachers. This pairwise comparison is 

repeated until the five alternatives have been exhaustively compared with respect to 

the first benefit parameter (access to better teachers). This results in 3 sets of 10 

questions for each parameter or 30 questions for each of the 4 BOCR control criteria, 

giving 12 sets of comparisons in total. 
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The consistency ratios (CRs) for each group of 10 questions have been 

recorded and are presented in Figure 24. As it is desirable to have a CR of 0.1 or less, 

values higher than 0.1 have been coloured in red font to indicate that they are 

inconsistent. 

 

 

Figure 24: Expert 3 consistency ratios by parameter 

 

 

It can be observed from Figure 24 that only 3 out of 12 or 25% of the 

comparisons are consistent with CRs below 0.1. The inconsistent ratings have values 

ranging from a low of 0.13 in the benefits comparisons to a high of 0.79 in the 

opportunities comparisons. It appears that this expert did not fully understand how to 

rate the LTIs with respect to the opportunities parameters given as all of the 

opportunities ratings were inconsistent. 

The second set of comparisons is of pairs of the three BOCR parameters with 

respect to each alternative in turn. For instance access to better teachers is compared 

with improved learning outcomes to determine which of the two benefits is a more 

prominent characteristic of school on wheels as a learning technology intervention 

(LTI). This results in 4 sets of comparisons for each of the 5 alternatives or 20 sets of 

comparisons in total. The consistencies are presented in Figure 25. Most of the CRs 

are inconsistent with 10 out of 20 having values greater than 0.1. However, the 

highest CR value is for the risks comparisons of educational TV with a CR of 1.37. 
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This may be ascribed to this expert’s poor understanding of how the different risk 

factors affect the implementation of educational TV. 

 

 

Figure 25: Expert 3 consistency ratios by alternative 

 

 

7.3.2.2 Top level. 

This level involved the ratings of the importance of benefits, opportunities, 

resources and risks control criteria with respect to the goal. For instance, the expert 

was asked to pairwise compare benefits and opportunities with respect to which of the 

two is more important to the goal of a sustainable learning technology intervention. 

This level of comparisons was undertaken with the view of understanding whether 
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experts were more in favour of immediate short term changes (and hence assign 

greater importance to benefits and resources) or long term changes (and thus assign 

greater importance to opportunities and risks). This set of six questions yielded a CR 

of 0.16 which is also inconsistent. 

7.3.3  Sensitivity analysis. 

 The sensitivity analysis was conducted by perturbing the weights of each of 

the BOCR control criteria to a high, medium and low value and recording the impact 

on the rankings of the alternatives. The additive formula has been used to synthesise 

the overall results. Table 26 presents the sensitivity analysis on the benefits node and 

shows that with a high benefits weighting, the rankings of all alternatives except 

educational TV are changed. Educational TV maintains its position as the least 

desirable alternative with a high or medium benefits weighting and only becomes 

more desirable than online tutoring when the benefits node is assigned a low 

weighting of 0.1. School on wheels on the other hand, maintains its first position as 

the most desirable alternative only with a medium weighting of the benefits node. It 

loses this position and goes into second place with a high or low benefits weighting. 

The sensitivity analysis on the benefits node shows that the alternatives are highly 

sensitive to changes in the weightings of the benefits node. This is especially true for 

online tutoring which changes from being the least desirable alternative when there is 

a low weighting of 0.1 for the benefits criterion to being the most desirable alternative 

when there is a high weighting of 0.6 for the benefits criterion. This is the case 

because online tutoring had the highest weighting of all the alternatives on the 

benefits criterion. 

  

 

Table 26: Expert 3 benefits sensitivity analysis 

Benefits 
 

High  
(0.6) 

Medium  
(0.25) 

Low  
(0.1) 

Reference 
(additive formula) 

Alternative Ranking 

School on wheels 2 1 2 1 

Mobile phones 3 2 1 2 

Online tutoring 1 4 5 4 

Educational TV 5 5 4 5 

MOOCs 4 3 3 3 
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Table 27 shows the sensitivity on the opportunities node and reveals that 

school on wheels maintains its first position with medium and low weightings of the 

opportunities criterion. A high weighting on this criterion however drops its ranking 

from first to third position. The other alternatives appear more sensitive to 

perturbations of the weightings of the opportunities criterion with their rankings 

varying from the original rankings. 

 

 

 

Table 27: Expert 3 opportunities sensitivity analysis 

Opportunities 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 3 1 1 1 

Mobile phones 1 2 4 2 

Online tutoring 4 3 3 4 

Educational TV 5 4 2 5 

MOOCs 2 5 5 3 

 

 

 

Table 28 shows the sensitivity on the resources node and reveals that the 

rankings of school on wheels and mobile phones are insensitive to the weightings 

assumed by the resources node and thereby always maintain their first and second 

positions respectively. MOOCs maintains its third position with low and medium 

weightings of the resources node and only drops to fourth position when a high 

weighting of 0.6 is assigned to the resources node. Online tutoring which has the 

highest resource requirement of all the alternatives becomes the least desirable 

alternative when the sensitivity analysis assigns a higher weighting to the resources 

node than that originally assigned by Expert 3. 
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Table 28: Expert 3 resources sensitivity analysis 

Resources 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 1 1 1 1 

Mobile phones 2 2 2 2 

Online tutoring 5 5 5 4 

Educational TV 3 4 4 5 

MOOCs 4 3 3 3 

 

 

Table 29 shows the sensitivity analysis on the risks node and reveals that 

MOOCs is unaffected by perturbations in the weightings of the risks node and 

maintains its third position in all cases. Online tutoring and educational TV also 

maintain their fourth and fifth positions respectively with low and medium weightings 

on the risks node. Their positions are only altered when the risks node assumes a 

higher weighting; in this case online tutoring becomes least desirable with a ranking 

of five but educational TV becomes more desirable with a ranking of two. 

 

 

Table 29: Expert 3 risks sensitivity analysis 

Risks 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 1 1 2 1 

Mobile phones 4 2 1 2 

Online tutoring 5 4 4 4 

Educational TV 2 5 5 5 

MOOCs 3 3 3 3 

 

In summary, Expert 3 is of the opinion that school on wheels is the most 

sustainable LTI, followed by mobile phones in second place. This is due to school on 

wheels having the lowest resources and risks values of all the LTIs. Sensitivity 

analysis also indicates that school on wheels and mobile phones always maintain their 

first and second positions respectively with medium weightings of all BOCR criteria 

and are especially insensitive to all perturbations of the resources node. 
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The consistency ratios by parameter shown in Figure 24 revealed that 75% of 

the comparisons were inconsistent whilst the consistency ratios by alternative shown 

in Figure 25 indicate that 50% of the comparisons were inconsistent with one 

particularly high CR of 1.37 for the risks comparisons of educational TV. This may be 

due to this expert’s difficulty in understanding how risks impact the implementation 

of educational TV. These consistency ratios could be improved by a second round 

survey where the expert could receive clarification on any issues which were 

previously unclear. The supermatrices for Expert 3’s analysis are presented in 

Appendix D. 

7.4  Case 4 - Expert 4 Analysis 

7.4.1  Priorities. 

The fourth expert involved in this study was a female school teacher. This 

teacher works in an NGO school. The expert completed all the questions in the ANP 

survey and a summary of the results of her ratings are presented in Table 30.The table 

shows the weightings of the alternatives on each of the BOCR criteria and also the 

different weights assigned to each criterion by the expert. The results synthesised 

using both the additive and multiplicative formulae are also presented in the table. 

 

 
Table 30: Outcome of Expert 4’s ratings 

Alternative Benefits 

 

Opportunities 

 

Resources 

 

Risks 

 

Additive Multiplicative 

 0.3952 0.2781 0.1634 0.1634 Result Ranking Result Ranking 

School on 

wheels 

0.3714 0.3460 0.0966 0.1891 0.4650 1 0.6899 1 

Mobile 

phones 

0.1231 0.1512 0.1789 0.1688 0.0296 3 0.0604 3 

Online 

tutoring 

0.3523 0.2266 0.2600 0.1407 0.2871 2 0.2140 2 

Educational 

TV 

0.0756 0.1226 0.2114 0.2533 -0.1111 5 0.0170 5 

MOOCs 0.0776 0.1535 0.2531 0.2480 -0.1071 4 0.0186 4 

 

 

The additive and multiplicative formulae yielded the same results in this case. 

School on wheels ranks first due to having the highest benefits and opportunities 

weightings and the lowest resource weights. Conversely, educational TV ranks last as 

it has the lowest benefits and opportunities weightings and the highest risks 
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weightings of all the alternatives. Both educational TV and MOOCs give negative 

results on the additive synthesis because the sums of their respective resources and 

risk outweigh the sums of their respective benefits and opportunities. 

 The alternative weights with respect to the overall goal using both additive and 

multiplicative synthesis can be viewed graphically in Figure 26. It can be observed 

that school on wheels ranks the highest overall, using both synthesis methods; whilst 

educational TV and MOOCs ranked lowest. 

 

 

 

Figure 26: Graphical illustration of Expert 4’s alternative rankings 

 

 

7.4.2  Consistency ratios. 

7.4.2.1  Bottom level. 

This level includes the ratings from two sets of comparisons. The first set of 

comparisons is of pairs of the five alternatives with respect to each of the three 

benefits, opportunities, resources and risks (BOCR) parameters in turn. For instance, 

school on wheels is compared with mobile phones with respect to which of the two 

alternatives provides improved access to better teachers. This pairwise comparison is 

repeated until the five alternatives have been exhaustively compared with respect to 

the first benefit parameter (access to better teachers). This results in 3 sets of 10 
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questions for each parameter or 30 questions for each of the 4 BOCR control criteria, 

giving 12 sets of comparisons in total. 

The consistency ratios (CRs) for each group of 10 questions have been 

recorded and are presented in Figure 27. As it is desirable to have a CR of 0.1 or less, 

values higher than 0.1 have been coloured in red font to indicate that they are 

inconsistent. 

 

 

Figure 27: Expert 4 consistency ratios by parameter 

 

 

It can be observed from Figure 27 most of the CRs are consistent and only 2 

out of 12 have values above 0.1. The inconsistent ratings have values of 0.13 and 0.16 

which is only slightly above the desired target of 0.1 and therefore give no cause for 

concern.  

The second set of comparisons is of pairs of the three BOCR parameters with 

respect to each alternative in turn. For instance access to better teachers is compared 

with improved learning outcomes to determine which of the two benefits is a more 

prominent characteristic of school on wheels as a learning technology intervention 

(LTI). This results in 4 sets of comparisons for each of the 5 alternatives or 20 sets of 

comparisons in total. The consistencies are presented in Figure 28. Most of the CRs 

are consistent with only 4 out of 20 having values greater than 0.1. In addition, none 

of the inconsistent CRs has a value as high as 0.2 which shows that this expert had a 
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good understanding of how to make the ratings. This expert’s ratings were the most 

consistent of all the experts in the study. 

 

 

 

Figure 28: Expert 4 consistency ratios by alternative 
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7.4.2.2 Top level. 

This level involved the ratings of the importance of benefits, opportunities, 

resources and risks control criteria with respect to the goal. For instance, the expert 

was asked to pairwise compare benefits and opportunities with respect to which of the 

two is more important to the goal of a sustainable learning technology intervention. 

This level of comparisons was undertaken with the view of understanding whether 

experts were more in favour of immediate short term changes (and hence assign 

greater importance to benefits and resources) or long term changes (and thus assign 

greater importance to opportunities and risks). This set of six questions yielded a CR 

of 0.02 which is consistent. 

7.4.3  Sensitivity analysis. 

 The sensitivity analysis was conducted by perturbing the weights of each of 

the BOCR control criteria to a high, medium and low value and recording the impact 

on the rankings of the alternatives. The additive formula has been used to synthesise 

the overall results. Table 31 presents the sensitivity analysis on the benefits node and 

shows that the rankings of all alternatives remain stable for changes in weightings of 

the benefits node.  

 

 

Table 31: Expert 4 benefits sensitivity analysis 

Benefits 
 

High  
(0.6) 

Medium  
(0.25) 

Low  
(0.1) 

Reference 
(additive formula) 

Alternative Ranking 

School on wheels 1 1 1 1 

Mobile phones 3 3 3 3 

Online tutoring 2 2 2 2 

Educational TV 5 5 5 5 

MOOCs 4 4 4 4 

 

 

Table 32 shows the sensitivity on the opportunities node and reveals that the 

rankings of the alternatives are not affected by changes in the weight of the 

opportunities node. 
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Table 32:Expert 4 opportunities sensitivity analysis 

Opportunities 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 1 1 1 1 

Mobile phones 3 3 3 3 

Online tutoring 2 2 2 2 

Educational TV 5 5 4 5 

MOOCs 4 4 5 4 

 

 

Table 33 shows the sensitivity on the resources node and reveals that the 

rankings of all alternatives except mobile phones remain unchanged with 

perturbations of the resources node. Mobile phones becomes a more desirable 

alternative when the resources node is assigned a high value (0.6) due to its having the 

second lowest resource requirement. 

 

 

Table 33: Expert 4 resources sensitivity analysis 

Resources 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 1 1 1 1 

Mobile phones 2 3 3 3 

Online tutoring 3 2 2 2 

Educational TV 4 4 5 5 

MOOCs 5 5 4 4 

 

 

Table 34 shows the sensitivity analysis on the risks node and reveals that all of 

the alternatives are insensitive to changes in the weightings of the risks node. 
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Table 34: Expert 4 risks sensitivity analysis 

Risks 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 1 1 1 1 

Mobile phones 3 3 3 3 

Online tutoring 2 2 2 2 

Educational TV 5 5 5 5 

MOOCs 4 4 4 4 

 

 

In summary, Expert 4 is of the opinion that school on wheels is the most 

sustainable LTI, followed by online tutoring in second place. This is due to school on 

wheels having the highest benefits and opportunities and lowest resources values of 

all the LTIs. Sensitivity analysis also indicates that all alternatives always maintain 

their positions and are insensitive to perturbations of the weightings of the BOCR 

nodes. The only exception to this is that a high resources weighting alters the 

positions of online tutoring and mobile phones with the latter becoming less desirable 

and the former becoming a more desirable alternative. The sensitivity analysis on this 

expert’s ratings showed the least change in rank ordering of all the experts involved in 

the study. This may be ascribed to the exceptionally high level of consistency in this 

expert’s ratings compared with the other experts. 

The consistency ratios reveal that most of the ratings were consistent and the 

few inconsistent ones give no cause for concern as the sensitivity analysis revealed 

that the rankings of the alternatives generally remained the same. Appendix E 

presents the supermatrices for this model 

7.5  Case 5 – Expert 5 Analysis 

7.5.1  Priorities. 

The fifth expert involved in this study was a male school teacher. This teacher 

works with older pupils in a private school. The expert completed all the questions in 

the ANP survey and a summary of the results of his ratings are presented in Table 35. 
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The table shows the weightings of the alternatives on each of the BOCR criteria and 

also the different weights assigned to each criterion by the expert. The results 

synthesised using both the additive and multiplicative formulae are also presented in 

the table. 

 

 

Table 35: Outcome of Expert 5’s ratings 

Alternative Benefits 

 

Opportunities 

 

Resources 

 

Risks 

 

Additive Multiplicative 

 0.0863 0.3061 0.4488 0.1588 Result Ranking Result Ranking 

School on 

wheels 

0.2023 0.2404 0.0943 0.1504 0.1147 1 0.3695 1 

Mobile 

phones 

0.1479 0.1625 0.0331 0.2200 0.0584 2 0.3554 2 

Online 

tutoring 

0.4160 0.2711 0.2854 0.2083 -0.1291 3 0.2045 3 

Educational 

TV 

0.0783 0.2222 0.3214 0.1191 -0.2728 4 0.0490 4 

MOOCs 0.1556 0.1038 0.2658 0.3023 -0.4251 5 0.0217 5 

 

 

The additive and multiplicative formulae yielded the same results in this case. 

School on wheels ranks first as it has the second highest benefits and opportunities 

weightings, and the second lowest resources and risks weightings. Conversely, 

MOOCs ranks last as it has the highest risks weightings and the lowest opportunities 

weightings of all the alternatives. Online tutoring, educational TV and MOOCs all 

give negative results from the additive synthesis indicating that their benefits and 

opportunities are less than their resources and risks. 

 The alternative weights with respect to the overall goal using both additive and 

multiplicative synthesis can be viewed graphically in Figure 29. It can be observed 

that school on wheels ranks the highest overall, using both synthesis methods; whilst 

online tutoring, educational TV and MOOCs are unsustainable in the long run as they 

have negative weightings using the additive synthesis. 
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Figure 29: Graphical illustration of Expert 5’s alternative rankings 

 

 

7.5.2  Consistency ratios. 

7.5.2.1  Bottom level. 

This level includes the ratings from two sets of comparisons. The first set of 

comparisons is of pairs of the five alternatives with respect to each of the three 

benefits, opportunities, resources and risks (BOCR) parameters in turn. For instance, 

school on wheels is compared with mobile phones with respect to which of the two 

alternatives provides improved access to better teachers. This pairwise comparison is 

repeated until the five alternatives have been exhaustively compared with respect to 

the first benefit parameter (access to better teachers). This results in 3 sets of 10 

questions for each parameter or 30 questions for each of the 4 BOCR control criteria, 

giving 12 sets of comparisons in total. 

The consistency ratios (CRs) for each group of 10 questions have been 

recorded and are presented in Figure 30. As it is desirable to have a CR of 0.1 or less, 

values higher than 0.1 have been coloured in red font to indicate that they are 

inconsistent. 
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Figure 30: Expert 5 consistency ratios by parameter 

 

 

 

It can be observed from Figure 30 that most of the CRs are inconsistent and 

only 2 out of 12 have values below the desired target of 0.1. There is also a 

particularly high CR of 0.64 for comparisons with respect to the benefits parameter of 

increased productivity which gives cause for concern.  

The second set of comparisons is of pairs of the three BOCR parameters with 

respect to each alternative in turn. For instance access to better teachers is compared 

with improved learning outcomes to determine which of the two benefits is a more 

prominent characteristic of school on wheels as a learning technology intervention 

(LTI). This results in 4 sets of comparisons for each of the 5 alternatives or 20 sets of 

comparisons in total. The consistencies are presented in Figure 31. Over half of the 

CRs are inconsistent and there is a particularly high CR of 1.18 for comparisons of the 

benefits parameters of online tutoring.  
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Figure 31: Expert 5 consistency ratios by alternative 

 

 

7.5.2.2  Top level. 

This level involved the ratings of the importance of benefits, opportunities, 

resources and risks control criteria with respect to the goal. For instance, the expert 

was asked to pairwise compare benefits and opportunities with respect to which of the 

two is more important to the goal of a sustainable learning technology intervention. 

This level of comparisons was undertaken with the view of understanding whether 

experts were more in favour of immediate short term changes (and hence assign 

greater importance to benefits and resources) or long term changes (and thus assign 
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greater importance to opportunities and risks). This set of six questions yielded a CR 

of 0.32 which is also inconsistent. 

7.5.3  Sensitivity analysis. 

 The sensitivity analysis was conducted by perturbing the weights of each of 

the BOCR control criteria to a high, medium and low value and recording the impact 

on the rankings of the alternatives. The additive formula has been used to synthesise 

the overall results. Table 36 presents the sensitivity analysis on the benefits node and 

shows that for low and medium weightings of the benefits node, the rankings of all 

alternatives remain unchanged. However, when a high weighting is assigned to the 

benefits node, there is a total reordering of the rankings with school on wheels, mobile 

phones and educational TV dropping in ranks whilst online tutoring and MOOCs 

improving in rank. Consequently, with a high weighting of the benefits node, online 

tutoring becomes the most desirable alternative.  

 

 

Table 36: Expert 5 benefits sensitivity analysis 

Benefits 
 

High  
(0.6) 

Medium  
(0.25) 

Low  
(0.1) 

Reference 
(additive formula) 

Alternative Ranking 

School on wheels 2 1 1 1 

Mobile phones 3 2 2 2 

Online tutoring 1 3 3 3 

Educational TV 5 4 4 4 

MOOCs 4 5 5 5 

 

 

Table 37 shows the sensitivity on the opportunities node and reveals that the 

rankings of educational TV and MOOCs are unaffected by perturbations of the 

opportunities node. However, the rankings of the other three alternatives are affected. 
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Table 37: Expert 5 opportunities sensitivity analysis 

Opportunities 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 1 1 2 1 

Mobile phones 3 2 1 2 

Online tutoring 2 3 3 3 

Educational TV 4 4 4 4 

MOOCs 5 5 5 5 

 

 

 

Table 38 shows the sensitivity on the resources node and reveals that the 

rankings of all alternatives except MOOCs are changed by perturbations of the 

resources node. A low weighting on the resources node has the greatest effect on 

changing the rankings of the alternatives. 

 

 

 

Table 38: Expert 5 resources sensitivity analysis 

Resources 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 2 1 2 1 

Mobile phones 1 3 4 2 

Online tutoring 3 2 1 3 

Educational TV 4 4 3 4 

MOOCs 5 5 5 5 

 

 

Table 39 shows the sensitivity analysis on the risks node and reveals that 

school on wheels and MOOCs are unaffected by perturbations of the risks node. The 

rankings of the other three alternatives however, are only affected by a high weighting 

on the risks node. 
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Table 39: Expert 5 risks sensitivity analysis 

Risks 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 1 1 1 1 

Mobile phones 3 2 2 2 

Online tutoring 4 3 3 3 

Educational TV 2 4 4 4 

MOOCs 5 5 5 5 

 

 

In summary, Expert 5 is of the opinion that school on wheels is the most 

sustainable LTI, followed by mobile phones in second place. MOOCs is the least 

desirable alternative in fifth place and it always maintains this position despite 

perturbations of the weightings of the BOCR criteria and is only affected by a high 

weighting on the benefits node.  

The consistency ratios reveal that most of the ratings were inconsistent giving 

cause for concern. It would be useful to observe if the CRs would improve with a 

second round survey. The supermatrices for this model are displayed in Appendix F. 

 

7.6  Case 6 – Expert 6 Analysis 

7.6.1  Priorities. 

The sixth expert involved in this study was a CEO of a non-governmental 

organisation. The expert completed all the questions in the ANP survey and a 

summary of the results of his ratings are presented in Table 40. The table shows the 

weightings of the alternatives on each of the BOCR criteria and also the different 

weights assigned to each criterion by the expert. The results synthesised using both 

the additive and multiplicative formulae are also presented in the table. 
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Table 40: Outcome of Expert 6’s ratings 

Alternative Benefits 

 

Opportunities 

 

Resources 

 

Risks 

 

Additive Multiplicative 

 0.2250 0.6750 0.0250 0.0750 Result Ranking Result Ranking 

School on 

wheels 

0.3948 0.4853 0.0395 0.2636 0.4814 1 0.6220 1 

Mobile 

phones 

0.0232 0.0378 0.1039 0.4511 -0.0080 5 0.0006 5 

Online 

tutoring 

0.3442 0.2931 0.2396 0.0399 0.3300 2 0.3563 2 

Educational 

TV 

0.0704 0.0390 0.1007 0.1330 0.0380 4 0.0069 4 

MOOCs 0.1674 0.1448 0.5162 0.1123 0.1427 3 0.0141 3 

 

 

The additive and multiplicative formulae yielded the same results in this case. 

School on wheels ranks first as it has the highest benefits and opportunities 

weightings, and the lowest resources weightings. Conversely, mobile phones ranks 

last as it has the highest risks weightings and the lowest benefits and opportunities 

weightings of all the alternatives. The alternative weights with respect to the overall 

goal using both additive and multiplicative synthesis can be viewed graphically in 

Figure 32.  

 

 

 

Figure 32: Graphical illustration of Expert 6’s alternative rankings 
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7.6.2  Consistency ratios. 

7.6.2.1  Bottom level. 

This level includes the ratings from two sets of comparisons. The first set of 

comparisons is of pairs of the five alternatives with respect to each of the three 

benefits, opportunities, resources and risks (BOCR) parameters in turn. For instance, 

school on wheels is compared with mobile phones with respect to which of the two 

alternatives provides improved access to better teachers. This pairwise comparison is 

repeated until the five alternatives have been exhaustively compared with respect to 

the first benefit parameter (access to better teachers). This results in 3 sets of 10 

questions for each parameter or 30 questions for each of the 4 BOCR control criteria, 

giving 12 sets of comparisons in total. 

The consistency ratios (CRs) for each group of 10 questions have been 

recorded and are presented in Figure 33. As it is desirable to have a CR of 0.1 or less, 

values higher than 0.1 have been coloured in red font to indicate that they are 

inconsistent. 

 

 

 

Figure 33: Expert 6 consistency ratios by parameter 
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It can be observed from Figure 33 that all of the CRs are inconsistent. It is 

desirable that these comparisons be repeated. The second set of comparisons is of 

pairs of the three BOCR parameters with respect to each alternative in turn. For 

instance access to better teachers is compared with improved learning outcomes to 

determine which of the two benefits is a more prominent characteristic of school on 

wheels as a learning technology intervention (LTI). This results in 4 sets of 

comparisons for each of the 5 alternatives or 20 sets of comparisons in total. The 

consistencies are presented in Figure 34. Only 5 out of 20 of the comparisons are 

consistent. It would be desirable to repeat these comparisons as well.  

 

 

 

Figure 34: Expert 6 consistency ratios by alternative 
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7.6.2.2 Top level. 

This level involved the ratings of the importance of benefits, opportunities, 

resources and risks control criteria with respect to the goal. For instance, the expert 

was asked to pairwise compare benefits and opportunities with respect to which of the 

two is more important to the goal of a sustainable learning technology intervention. 

This level of comparisons was undertaken with the view of understanding whether 

experts were more in favour of immediate short term changes (and hence assign 

greater importance to benefits and resources) or long term changes (and thus assign 

greater importance to opportunities and risks). This set of six questions yielded a CR 

of 0.50 which is also inconsistent. 

7.6.3  Sensitivity analysis. 

 The sensitivity analysis was conducted by perturbing the weights of each of 

the BOCR control criteria to a high, medium and low value and recording the impact 

on the rankings of the alternatives. The additive formula has been used to synthesise 

the overall results. Table 41 presents the sensitivity analysis on the benefits node and 

shows that the rankings of all alternatives remain unchanged despite perturbations of 

the benefits node.  

 

 

Table 41: Expert 6 benefits sensitivity analysis 

Benefits 
 

High  
(0.6) 

Medium  
(0.25) 

Low  
(0.1) 

Reference 
(additive formula) 

Alternative Ranking 

School on wheels 1 1 1 1 

Mobile phones 5 5 5 5 

Online tutoring 2 2 2 2 

Educational TV 4 4 4 4 

MOOCs 3 3 3 3 

 

 

Table 42 shows the sensitivity on the opportunities node and reveals that the 

rankings of all alternatives are insensitive to the weightings of the opportunities node.  
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Table 42: Expert 6 opportunities sensitivity analysis 

Opportunities 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 1 1 1 1 

Mobile phones 5 5 5 5 

Online tutoring 2 2 2 2 

Educational TV 4 4 4 4 

MOOCs 3 3 3 3 

 

 

Table 43 shows the sensitivity on the resources node and reveals that only the 

rankings MOOCs and educational TV are affected by perturbations of the resources 

node. A medium to high weighting on the resources node makes educational TV more 

desirable, moving it up from fourth to third position. Conversely, medium and high 

weightings on the resources node make MOOCs less desirable, dropping it to the 

fourth and fifth positions respectively. 

 

 

Table 43: Expert 6 resources sensitivity analysis 

Resources 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 1 1 1 1 

Mobile phones 4 5 5 5 

Online tutoring 2 2 2 2 

Educational TV 3 3 4 4 

MOOCs 5 4 3 3 

 

 

Table 44 shows the sensitivity analysis on the risks node and reveals that only 

a high weighting on the risks node affects the rankings of the alternatives. In this case, 

only school on wheels and online tutoring are affected by perturbations of the risks 

node and they exchange position when this occurs. The rankings of the other three 

alternatives however, are not affected by changes in the weightings of the risks node. 
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Table 44: Expert 6 risks sensitivity analysis 

Risks 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 2 1 1 1 

Mobile phones 5 5 5 5 

Online tutoring 1 2 2 2 

Educational TV 4 4 4 4 

MOOCs 3 3 3 3 

 

 

In summary, Expert 6 is of the opinion that school on wheels is the most 

sustainable LTI, followed by online tutoring in second place. Online tutoring is in 

second place because it has the lowest risks weighting and the second highest 

benefits, opportunities and resources weightings. Mobile phones is the least desirable 

alternative in fifth place and it always maintains this position despite perturbations of 

the weightings of the BOCR criteria and its ranking is only slightly improved by a 

high weighting on the resources node. The consistency ratios reveal that most of the 

ratings were inconsistent giving cause for concern. It would be useful to observe if the 

CRs would improve with a second round survey. Appendix G presents the 

supermatrices for this model. 

7.7 Case 7 – Expert 7 Analysis 

7.7.1  Priorities. 

The seventh expert involved in this study was an expert in IT enterprise 

systems. The expert completed all the questions in the ANP survey and a summary of 

the results of his ratings are presented in Table 45. The table shows the weightings of 

the alternatives on each of the BOCR criteria and also the different weights assigned 

to each criterion by the expert. The results synthesised using both the additive and 

multiplicative formulae are also presented in the table. 
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Table 45: Outcome of Expert 7’s ratings 

Alternative Benefits 

 

Opportunities 

 

Resources 

 

Risks 

 

Additive Multiplicative 

 0.4874 0.1625 0.2234 0.1266 Result Ranking Result Ranking 

School on 

wheels 

0.4748 0.2741 0.2402 0.1180 0.4020 1 0.5410 1 

Mobile 

phones 

0.0785 0.0541 0.0597 0.1784 -0.0005 3 0.0470 3 

Online 

tutoring 

0.3268 0.3391 0.3070 0.1145 0.2753 2 0.3717 2 

Educational 

TV 

0.0409 0.1420 0.1467 0.2333 -0.0939 4 0.0200 5 

MOOCs 0.0790 0.1908 0.2463 0.3559 -0.1570 5 0.0203 4 

 

 

The additive and multiplicative formulae yielded slightly different results in 

this case with the rankings of educational TV and MOOCs interchanged. School on 

wheels ranks first as it has the highest benefits and the benefits node is weighted the 

highest of the four BOCR criteria. Conversely, educational TV ranks last using the 

multiplicative synthesis as it has the lowest benefits weightings, whilst MOOCs ranks 

last as it has the highest risks weightings of all the alternatives. The alternative 

weights with respect to the overall goal using both additive and multiplicative 

synthesis can be viewed graphically in Figure 35.  

 

 

 

Figure 35: Graphical illustration of Expert 7’s alternative rankings 
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7.7.2  Consistency ratios. 

7.7.2.1  Bottom level. 

This level includes the ratings from two sets of comparisons. The first set of 

comparisons is of pairs of the five alternatives with respect to each of the three 

benefits, opportunities, resources and risks (BOCR) parameters in turn. For instance, 

school on wheels is compared with mobile phones with respect to which of the two 

alternatives provides improved access to better teachers. This pairwise comparison is 

repeated until the five alternatives have been exhaustively compared with respect to 

the first benefit parameter (access to better teachers). This results in 3 sets of 10 

questions for each parameter or 30 questions for each of the 4 BOCR control criteria, 

giving 12 sets of comparisons in total. 

The consistency ratios (CRs) for each group of 10 questions have been 

recorded and are presented in Figure 36. As it is desirable to have a CR of 0.1 or less, 

values higher than 0.1 have been coloured in red font to indicate that they are 

inconsistent. 

 

 

 

Figure 36: Expert 7 consistency ratios by parameter 

 

 

It can be observed from Figure 36 that 4 out of 12 of the CRs are inconsistent. 

The highest CR values are 0.28 and 0.29 and they could be improved with a second 

round survey. The second set of comparisons is of pairs of the three BOCR 
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parameters with respect to each alternative in turn. For instance access to better 

teachers is compared with improved learning outcomes to determine which of the two 

benefits is a more prominent characteristic of school on wheels as a learning 

technology intervention (LTI). This results in 4 sets of comparisons for each of the 5 

alternatives or 20 sets of comparisons in total. The consistencies are presented in 

Figure 37. Only 4 out of 20 of the comparisons are inconsistent. Of the inconsistent 

CRs, only one (0.28 for the opportunities comparisons of mobile phones) has a 

significantly large value whilst the others are in a good range.  

 

 

 

Figure 37: Expert 7 consistency ratios by alternative 
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7.7.2.2  Top level. 

This level involved the ratings of the importance of benefits, opportunities, 

resources and risks control criteria with respect to the goal. For instance, the expert 

was asked to pairwise compare benefits and opportunities with respect to which of the 

two is more important to the goal of a sustainable learning technology intervention. 

This level of comparisons was undertaken with the view of understanding whether 

experts were more in favour of immediate short term changes (and hence assign 

greater importance to benefits and resources) or long term changes (and thus assign 

greater importance to opportunities and risks). This set of six questions yielded a CR 

of 0.06 which is consistent. 

7.7.3  Sensitivity analysis. 

 The sensitivity analysis was conducted by perturbing the weights of each of 

the BOCR control criteria to a high, medium and low value and recording the impact 

on the rankings of the alternatives. The additive formula has been used to synthesise 

the overall results. Table 46 presents the sensitivity analysis on the benefits node and 

shows that the rankings of all alternatives remain unchanged despite perturbations of 

the benefits node.  

 

 

Table 46: Expert 7 benefits sensitivity analysis 

Benefits 
High  
(0.6) 

Medium  
(0.25) 

Low  
(0.1) 

Reference 
(additive formula) 

Alternative Ranking 

School on wheels 1 1 1 1 

Mobile phones 3 3 3 3 

Online tutoring 2 2 2 2 

Educational TV 4 4 4 4 

MOOCs 5 5 5 5 

 

 

Table 47 shows the sensitivity on the opportunities node and reveals that only 

a high weighting on the opportunities node has any impact on the rankings of the 

alternatives. Despite this, educational TV always maintains its fourth position and is 

unaffected by a high opportunities weighting. 
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Table 47: Expert 7 opportunities sensitivity analysis 

Opportunities 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 2 1 1 1 

Mobile phones 5 3 3 3 

Online tutoring 1 2 2 2 

Educational TV 4 4 4 4 

MOOCs 3 5 5 5 

 

 

Table 48 shows the sensitivity on the resources node and reveals that only a 

high weighting on the resources node has any impact on the rankings of the 

alternatives. Despite this, MOOCS always maintains its position as the least desirable 

LTI and is unaffected by a high resources weighting. 

 

 

Table 48: Expert 7 resources sensitivity analysis 

Resources 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 2 1 1 1 

Mobile phones 1 3 3 3 

Online tutoring 4 2 2 2 

Educational TV 3 4 4 4 

MOOCs 5 5 5 5 

 

 

Table 49 shows the sensitivity analysis on the risks node and reveals that the 

rankings of all alternatives are insensitive to weightings of the risks node. 
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Table 49: Expert 7 risks sensitivity analysis 

Risks 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 1 1 1 1 

Mobile phones 3 3 3 3 

Online tutoring 2 2 2 2 

Educational TV 4 4 4 4 

MOOCs 5 5 5 5 

 

 

To summarise, Expert 7 is of the opinion that school on wheels is the most 

sustainable LTI, followed by online tutoring in second place. Online tutoring is in 

second place despite having the highest opportunities and lowest risks weightings 

because it has the highest resources weightings and the resources node was weighted 

high by the expert. MOOCs is the least desirable alternative in fifth place and 

maintains this position, only becoming more desirable when the opportunities node is 

weighted at 0.6 or higher.  The consistency ratios reveal that most of the ratings were 

consistent but the ratios could be improved with a second round survey. The 

supermatrices for this model are presented in Appendix H. 

 

7.8  Case 8 – Expert 8 Analysis 

7.8.1  Priorities. 

The eighth expert involved in this study was a CEO of a learning technology 

intervention company. The expert completed all the questions in the ANP survey and 

a summary of the results of his ratings are presented in Table 50. The table shows the 

weightings of the alternatives on each of the BOCR criteria and also the different 

weights assigned to each criterion by the expert. The results synthesised using both 

the additive and multiplicative formulae are also presented in the table. 
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Table 50: Outcome of Expert 8’s ratings 

Alternative Benefits 

 

Opportunities 

 

Resources 

 

Risks 

 

Additive Multiplicative 

 0.4145 0.2493 0.2958 0.0404 Result Ranking Result Ranking 

School on 

wheels 

0.3295 0.3420 0.3749 0.1789 0.3173 2 0.2181 2 

Mobile 

phones 

0.0684 0.2125 0.0494 0.0720 0.2150 3 0.5301 1 

Online 

tutoring 

0.4197 0.1301 0.2665 0.1756 0.3426 1 0.1516 3 

Educational 

TV 

0.0455 0.1401 0.1313 0.3616 0.0038 5 0.0174 5 

MOOCs 0.1369 0.1754 0.1780 0.2119 0.1213 4 0.0827 4 

 

 

The additive and multiplicative formulae yielded slightly different results in 

this case with the rankings of mobile phones and online tutoring interchanged. Mobile 

phones is considered the best alternative in the short term and therefore ranks highest 

using the multiplicative marginal cost/benefit synthesis. In the long run however, 

online tutoring becomes a more preferred alternative. Educational TV ranks lowest 

using both synthesis methods as it has the lowest benefits and highest risks weightings 

of all the alternatives. The alternative weights with respect to the overall goal using 

both additive and multiplicative synthesis can be viewed graphically in Figure 38.  

 

 

 

Figure 38: Graphical illustration of Expert 8’s alternative rankings 
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7.8.2  Consistency ratios. 

7.8.2.1  Bottom level. 

This level includes the ratings from two sets of comparisons. The first set of 

comparisons is of pairs of the five alternatives with respect to each of the three 

benefits, opportunities, resources and risks (BOCR) parameters in turn. For instance, 

school on wheels is compared with mobile phones with respect to which of the two 

alternatives provides improved access to better teachers. This pairwise comparison is 

repeated until the five alternatives have been exhaustively compared with respect to 

the first benefit parameter (access to better teachers). This results in 3 sets of 10 

questions for each parameter or 30 questions for each of the 4 BOCR control criteria, 

giving 12 sets of comparisons in total. 

The consistency ratios (CRs) for each group of 10 questions have been 

recorded and are presented in Figure 39. As it is desirable to have a CR of 0.1 or less, 

values higher than 0.1 have been coloured in red font to indicate that they are 

inconsistent. 

 

 

 

Figure 39: Expert 8 consistency ratios by parameter 
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It is possible to observe from Figure 39 that only 1 out of the 12 CRs are 

inconsistent. The inconsistent CR could be improved with a second round survey. The 

second set of comparisons is of pairs of the three BOCR parameters with respect to 

each alternative in turn. For instance access to better teachers is compared with 

improved learning outcomes to determine which of the two benefits is a more 

prominent characteristic of school on wheels as a learning technology intervention 

(LTI). This results in 4 sets of comparisons for each of the 5 alternatives or 20 sets of 

comparisons in total. The consistencies are presented in Figure 40. Here, exactly half 

of the CRs are inconsistent with two particularly high CRs of 0.5 for the risks 

comparisons of mobile phones and the benefits comparisons of educational TV. This 

may reflect some misunderstanding on these issues on the part of this expert which 

could be improved with a second round survey.  

 

 

Figure 40: Expert 8 consistency ratios by alternative 
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7.8.2.2  Top level. 

This level involved the ratings of the importance of benefits, opportunities, 

resources and risks control criteria with respect to the goal. For instance, the expert 

was asked to pairwise compare benefits and opportunities with respect to which of the 

two is more important to the goal of a sustainable learning technology intervention. 

This level of comparisons was undertaken with the view of understanding whether 

experts were more in favour of immediate short term changes (and hence assign 

greater importance to benefits and resources) or long term changes (and thus assign 

greater importance to opportunities and risks). This set of six questions yielded a CR 

of 0.07 which is consistent. 

7.8.3  Sensitivity analysis. 

 The sensitivity analysis was conducted by perturbing the weights of each of 

the BOCR control criteria to a high, medium and low value and recording the impact 

on the rankings of the alternatives. The additive formula has been used to synthesise 

the overall results. Table 51 presents the sensitivity analysis on the benefits node and 

shows that the rankings of all alternatives are unaffected by a high weighting on the 

benefits node. Medium and low weightings of the benefits node however change the 

rankings of all alternatives except school on wheels which always maintains its 

second position.  

 

 

 

Table 51: Expert 8 benefits sensitivity analysis 

Benefits 
High  
(0.6) 

Medium  
(0.25) 

Low  
(0.1) 

Reference 
(additive formula) 

Alternative Ranking 

School on wheels 2 2 2 2 

Mobile phones 3 1 1 3 

Online tutoring 1 3 5 1 

Educational TV 5 5 4 5 

MOOCs 4 4 3 4 
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Table 52 shows the sensitivity on the opportunities node and reveals that in 

this case, only a high weighting on the opportunities node has any impact on the 

rankings of the alternatives. Despite this, MOOCs and educational TV always 

maintains their fourth and fifth positions respectively and are unaffected by a high 

opportunities weighting. 

 

 

Table 52: Expert 8 opportunities sensitivity analysis 

Opportunities 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 1 2 2 2 

Mobile phones 2 3 3 3 

Online tutoring 3 1 1 1 

Educational TV 5 5 5 5 

MOOCs 4 4 4 4 

 

 

Table 53 shows the sensitivity on the resources node and reveals that a high or 

low weighting on the resources node significantly impacts on the rankings of the 

alternatives. With a high weighting, school on wheels drops from second to fifth place 

as it has the highest resource weighting of all the alternatives. 

 

 

 

Table 53: Expert 8 resources sensitivity analysis 

Resources 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 5 2 1 2 

Mobile phones 1 3 3 3 

Online tutoring 2 1 2 1 

Educational TV 4 5 5 5 

MOOCs 3 4 4 4 
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Table 54 shows the sensitivity analysis on the risks node and reveals that only 

a low weighting of the risks node has zero impact on the rankings of the alternatives. 

High and medium weightings have the effect of reordering the rankings of the three 

alternatives school on wheels, mobile phones and online tutoring. On the other hand, 

MOOCs and educational TV are unaffected by perturbations of the risks node. 

 

 

Table 54: Expert 8 risks sensitivity analysis 

Risks 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 3 3 2 2 

Mobile phones 1 2 3 3 

Online tutoring 2 1 1 1 

Educational TV 5 5 5 5 

MOOCs 4 4 4 4 

 

 

In summary, Expert 8 is of the opinion that online tutoring is the most 

sustainable LTI, followed by school on wheels in second place. MOOCs and 

educational TV maintain their fourth and fifth positions respectively regardless of the 

weightings on the opportunities or risks nodes. School on wheels however is 

unaffected by the weightings of the benefits node and maintains its second position. 

The consistency ratios reveal that all but one of the CRs by parameter were 

consistent whilst exactly half of the CRs by alternative were inconsistent and an 

improvement of this inconsistency is desirable. Appendix I presents the supermatrices 

for this model. 

7.9  Summary of Experts’ Opinions 

After analysing the individual opinions of each of the eight experts involved in 

this study, it is desirable to observe any patterns in their judgements. Table 55 

presents the rankings of the LTIs in the opinions of each of the eight experts. 
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Table 55: Rankings of all eight experts 

Expert 1 2 3 4 5 6 7 8 

Alternative Ranking 

School on wheels 3 3 1 1 1 1 1 2 

Mobile phones 1 1 2 3 2 5 3 3 

Online tutoring 4 2 4 2 3 2 2 1 

Educational TV 5 5 5 5 4 4 4 5 

MOOCs 2 4 3 4 5 3 5 4 

  

 

It can be observed from the table that school on wheels is the highest ranked of 

all the alternatives. It was ranked first by five out of the eight experts and none of the 

experts ranked it below third position. The two teachers who participated in the study 

(Expert 4 and Expert 5) had similar rankings for the alternatives. They both ranked 

school on wheels as the first choice and their rankings of the other alternatives only 

differed by a single position. The other experts who ranked school on wheels as the 

best LTI were the government official, one CEO of an NGO and the expert in IT 

enterprise systems. It is perhaps not surprising that the school teachers preferred 

school on wheels over the other alternatives as their profession may have predisposed 

them to favour this alternative. Similarly, the government official may have preferred 

school on wheels as it is the closest of the other alternatives to providing conventional 

education which government aims to provide. The CEO of the NGO may also have 

chosen school on wheels over the other alternatives due to its potential as a platform 

for teachers to provide their services for free. School on wheels was ranked second by 

the CEO of another NGO who preferred online tutoring. His choice may have been 

influenced by the fact that his NGO specialises in providing learning technology 

interventions, consequently, he would be more in favour of a “technological” solution. 

Expert 2 who is a marketing official for an E-learning company also preferred mobile 

phones and MOOCs over school on wheels, and this is obviously because his 

organisation predisposes him to a more technologically advanced solution. 

 Educational TV has been ranked lowest by five out of the eight experts. The 

other three experts ranked it in fourth place. This may be because the experts are 
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unclear about the specific role it could play as a learning intervention or may just be a 

prejudice against television as a learning tool since it is mostly viewed as an 

entertainment tool. The experts have also been segmented into four groups based on 

their professional experiences to allow an analysis of how this may have influenced 

their judgements. 

7.9.1  Group 1 – Teachers. 

 Expert 4 and Expert 5 were the two teachers involved in this study. Teachers 

are usually end-users of learning interventions, along with their students so it is 

interesting to gain an insight into their perspectives on LTI selection. Table 56 

presents the rankings of both teachers. Both teachers ranked school on wheels as 

number one. This is not surprising and it is even to be expected that teachers would be 

more favourably disposed to a learning intervention which allowed for the greatest 

interaction between teachers and pupils. 

 

 

Table 56: Teachers’ rankings 

Alternative 

Ranking 

Expert 4 Expert 5 

School on wheels 1 1 

Mobile phones 3 2 

Online tutoring 2 3 

Educational TV 5 4 

MOOCs 4 5 

 

 

Mobile phones was ranked second by the female teacher but third by the male 

teacher who ranked online tutoring in second place. This may not be a significant 

difference. Educational TV and MOOCs were ranked fourth and fifth respectively by 

the female teacher but the male teacher ranked them in the reverse, this also may not 

be such a significant difference. What is noteworthy however is their low ranking of 

educational TV even though it involves the students watching lessons prepared by 

teachers. This may be because the teachers perceived that it does not sufficiently 

replace the influence of a teacher as in a normal classroom environment. 
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7.9.2  Group 2 – Implementation partners. 

 The second group considered comprised of two CEOs of NGOs and their 

ratings are presented in Table 57. Expert 6 was a CEO of an education NGO whilst 

Expert 1’s NGO specialises in measurement analysis of projects conducted by other 

NGOs. There doesn’t appear to be much similarity in their rankings, and in fact a 

significant difference is apparent in their ratings of mobile phones. Expert 1 rated it 

highest, perhaps considering its far-reaching potential whilst Expert 6 rated it lowest 

probably due to its characteristic of being a non-conventional learning method. Expert 

6 has also rated school on wheels highest, possibly because it is the closest alternative 

to the conventional learning method. 

 

Table 57: NGO CEOs’ rankings 

Alternative 

Ranking 

Expert 1 Expert 6 

School on wheels 3 1 

Mobile phones 1 5 

Online tutoring 4 2 

Educational TV 5 4 

MOOCs 2 3 

 

 

7.9.3  Group 3 – Learning technology experts. 

 The third group comprised of professionals working in the learning technology 

industry. Expert 2 was a marketing official for a learning technology company, Expert 

7 was an expert in learning technology interventions whilst Expert 8 was a CEO of an 

NGO which specialised in learning technologies. Their ratings are displayed in Table 

58. It is interesting to note that all experts ranked online tutoring high in either first or 

second place but they also ranked MOOCs low in either fourth or fifth place. There is 

a fair amount of disagreement amongst them about school on wheels as they ranked it 

either first, second or third. However, they all appear to agree that educational TV and 

MOOCs are the least sustainable of the five LTIs.  
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Table 58: Learning technology experts’ rankings 

Alternative 

Ranking 

Expert 2 Expert 7 Expert 8 

School on wheels 3 1 2 

Mobile phones 1 3 3 

Online tutoring 2 2 1 

Educational TV 5 4 5 

MOOCs 4 5 4 

 

 

7.9.4  Group 4 – Administrator. 

The fourth group consisted of only one individual who was a provincial 

government secretary of education. The ratings have been presented in Table 59. The 

administrator rated school on wheels highest possibly because it would be more 

eligible for government funding. In addition, when compared with the other LTIs, it is 

more adaptable as a medium to deliver the national curriculum and prepare students 

for national examinations. He also rated educational TV lowest perhaps due to its 

inadequacy to provide the benefits which can be delivered by school on wheels. 

 

 

Table 59: Administrator’s rankings 

Alternative 

Ranking 

Expert 3 

School on wheels 1 

Mobile phones 2 

Online tutoring 4 

Educational TV 5 

MOOCs 3 

 

 

7.10  Group Analysis 

After analysing the comparisons of each expert and identifying the most 

sustainable LTI in the opinion of each expert, the comparisons of all the eight experts 

was combined using the geometric mean. The single collective rating was input to the 

ANP model and the results are discussed in this section. 
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7.10.1  Priorities. 

The summary of the outcome of the pairwise comparisons resulting from the 

collective responses of the eight experts is presented in Table 60. The table shows the 

weightings of the alternatives on each of the BOCR criteria and also the different 

weights assigned to each criterion by the expert. The results synthesised using both 

the additive and multiplicative formulae are also presented in the table. 

 

 

Table 60: Outcome of group’s ratings 

Alternative Benefits 

 

Opportunities 

 

Resources 

 

Risks 

 

Additive Multiplicative 

 0.3382 0.3862 0.1491 0.1265 Result Ranking Result Ranking 

School on 

wheels 

0.3306 0.2677 0.2561 0.1718 0.3954 1 0.3745 1 

Mobile 

phones 

0.2261 

 

0.2094 0.2750 0.2075 0.1966 3 0.1544 3 

Online 

tutoring 

0.2523 0.2547 0.1996 0.2009 0.2971 2 0.2982 2 

Educational 

TV 

0.0826 0.1135 0.1439 0.1951 0.0443 5 0.0621 5 

MOOCs 0.1084 0.1547 0.1254 0.2247 0.1026 4 0.1108 4 

 

 

The additive and multiplicative formulae yielded the same results in this case. 

The experts assigned the greatest priority to opportunities and benefits. Consequently, 

the alternative with the highest opportunities and benefits weightings (in this case, 

school on wheels) emerges as the most desirable alternative. Similarly, the alternative 

with the lowest benefits and opportunities weightings (educational TV) emerges as the 

least desirable. The alternative weights with respect to the overall goal using both 

additive and multiplicative synthesis can be viewed graphically in Figure 41.  
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Figure 41: Graphical illustration of group alternative rankings 

 

 

7.10.2  Consistency ratios. 

7.10.2.1  Bottom level. 

This level includes the ratings from two sets of comparisons. The first set of 

comparisons is of pairs of the five alternatives with respect to each of the three 

benefits, opportunities, resources and risks (BOCR) parameters in turn. For instance, 

school on wheels is compared with mobile phones with respect to which of the two 

alternatives provides improved access to better teachers. This pairwise comparison is 

repeated until the five alternatives have been exhaustively compared with respect to 

the first benefit parameter (access to better teachers). This results in 3 sets of 10 

questions for each parameter or 30 questions for each of the 4 BOCR control criteria, 

giving 12 sets of comparisons in total. 

The consistency ratios (CRs) for each group of 10 questions have been 

recorded and are presented in Figure 42. As it is desirable to have a CR of 0.1 or less, 

values higher than 0.1 have been coloured in red font to indicate that they are 

inconsistent. 
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Figure 42: Group consistency ratios by parameter 

 

 

It can be observed from Figure 42 that 4 out of the 12 CRs are inconsistent. 

The highest CR (0.47) was recorded for the alternatives comparisons with respect to 

improved learning outcomes. This may be due to poor understanding on the part of 

some of the experts regarding how to assess the LTIs with respect to improved 

learning outcomes. The inconsistent CRs could be improved with a second round 

survey. The second set of comparisons is of pairs of the three BOCR parameters with 

respect to each alternative in turn. For instance access to better teachers is compared 

with improved learning outcomes to determine which of the two benefits is a more 

prominent characteristic of school on wheels as a learning technology intervention 

(LTI). This results in 4 sets of comparisons for each of the 5 alternatives or 20 sets of 

comparisons in total. The consistency ratios are presented in Figure 43. Here, 7 out of 

20 of the CRs are inconsistent with two particularly high CRs of 0.62 for the risks 

comparisons of school on wheels and 1.07 for the resources comparisons of MOOCs. 

This may reflect insufficient clarity on the resource requirements of MOOCs on the 

part of some of the experts.  
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Figure 43: Group consistency ratios by alternative 

 

 

7.10.2.2  Top level. 

This level involved the ratings of the importance of benefits, opportunities, 

resources and risks control criteria with respect to the goal. For instance, the expert 

was asked to pairwise compare benefits and opportunities with respect to which of the 

two is more important to the goal of a sustainable learning technology intervention. 

This level of comparisons was undertaken with the view of understanding whether 

experts were more in favour of immediate short term changes (and hence assign 

greater importance to benefits and resources) or long term changes (and thus assign 
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greater importance to opportunities and risks). This set of six questions yielded a CR 

of 0.01 which is consistent. 

7.10.3  Sensitivity Analysis 

 The sensitivity analysis was conducted by perturbing the weights of each of 

the BOCR control criteria to a high, medium and low value and recording the impact 

on the rankings of the alternatives. The additive formula has been used to synthesise 

the overall results. Table 61 presents the sensitivity analysis on the benefits node and 

shows that the rankings of all alternatives are stable to perturbations of the benefits 

node.  

 

 

Table 61: Group benefits sensitivity analysis 

Benefits 
High  
(0.6) 

Medium  
(0.25) 

Low  
(0.1) 

Reference 
(additive formula) 

Alternative Ranking 

School on wheels 1 1 1 1 

Mobile phones 3 3 3 3 

Online tutoring 2 2 2 2 

Educational TV 5 5 5 5 

MOOCs 4 4 4 4 

 

 

Table 62 shows the sensitivity on the opportunities node and reveals that the 

weighting of the benefits node has no impact on the rankings of the alternatives. 

 

 

Table 62: Group opportunities sensitivity analysis 

Opportunities 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 1 1 1 1 

Mobile phones 3 3 3 3 

Online tutoring 2 2 2 2 

Educational TV 5 5 5 5 

MOOCs 4 4 4 4 
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Table 63 shows the sensitivity on the resources node and reveals that a high 

weighting on the resources node significantly alters the rankings of the alternatives. 

With a high weighting, school on wheels drops from first to third place as it has the 

second highest resource requirement of all the alternatives. Similarly, mobile phones 

drops from third to fifth place as it has the greatest resource requirement of all the 

alternatives. MOOCs on the other hand moves from fourth to second place when the 

resource node carries a high weighting. This is because it has the lowest resource 

requirement of all the alternatives. 

 
 

Table 63: Group resources sensitivity analysis 

Resources 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 3 1 1 1 

Mobile phones 5 3 3 3 

Online tutoring 1 2 2 2 

Educational TV 4 5 5 5 

MOOCs 2 4 4 4 

 

 

Table 64 shows the sensitivity analysis on the risks node and reveals that only 

a high weighting on the risks node has any impact on the rankings of the alternatives. 

In this case, the positions of educational TV and MOOCs are interchanged with the 

latter becoming the least desirable alternative as it has the highest risks of all the 

alternatives. 

 

 

Table 64: Group risks sensitivity analysis 

Risks 
High  
(0.6) 

Medium 
(0.25) 

Low  
(0.1) Reference  

(additive formula) 
Alternative Ranking 

School on wheels 1 1 1 1 

Mobile phones 3 3 3 3 

Online tutoring 2 2 2 2 

Educational TV 4 5 5 5 

MOOCs 5 4 4 4 



147 

 

To summarise, the group analysis reveals that school on wheels is the most 

desirable LTI and always maintains this position except when there is a high 

weighting on the resources node. Sensitivity analysis also reveals that the weightings 

of the benefits and opportunities nodes have no impact on the rankings of the 

alternatives. On the other hand, a high weighting on either the resources or risks node 

has the effect of altering the rankings of the alternatives. A high weighting on the 

resources node has the greatest impact on the rankings as it changes the positions of 

all the alternatives whereas a high weighting on the risks node only has the effect of 

interchanging the positions of educational TV and MOOCs. 

The consistency ratios reveal that 42% of the CRs by parameter were 

inconsistent whilst precisely 35% of the CRs by alternative were inconsistent. An 

improvement is of this inconsistency is desirable, particularly for those comparisons 

with CRs above 0.2. The supermatrices of this model are presented in Appendix J. 

A more detailed comparison of each expert’s judgement (using the additive 

synthesis) with the group collective judgement can be viewed in Table 65. It is 

obvious that school on wheels is the most desirable alternative as it was first by five 

out of the eight experts. On the other hand, educational TV emerged as the least 

desirable alternative in the group ranking as it was rated either fourth or fifth by all 

the experts in their individual comparisons. 

 

 

Table 65: Comparison of individual and group rankings 

Expert 1 2 3 4 5 6 7 8 Group 

Alternative Ranking  

School on wheels 3 3 1 1 1 1 1 2 1 

Mobile phones 1 1 2 3 2 5 3 3 3 

Online tutoring 4 2 4 2 3 2 2 1 2 

Educational TV 5 5 5 5 4 4 4 5 5 

MOOCs 2 4 3 4 5 3 5 4 4 
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Chapter 8: Conclusion 

 

8.1  Conclusion 

Education is a basic human right and significant amounts of money are 

budgeted and spent yearly to improve access to education for all. However, despite 

these investments, illiteracy remains at a high level due to selection of the wrong 

learning projects for implementation. This study identified the problem of selecting a 

sustainable learning technology intervention (LTI) for development and designed a 

framework for making this selection. The future search conference method was used 

to generate a list of the most important parameters to be considered in selecting a 

sustainable LTI. The method was also used to reduce the list of LTIs identified 

through the literature search from 5 LTIs to 10 LTIs. An ANP model was 

subsequently designed to incorporate the judgements of experts on the selected LTIs 

using the identified parameters. This model was applied by eight experts to select the 

most sustainable LTI, in their opinion and a collective model was also generated. The 

collective model suggests that school on wheels is the most sustainable LTI in first 

place, and that educational TV is the least sustainable LTI in fifth place. 

The main contribution of this study was in presenting a novel framework for 

project selection by combining the future search conference technique with the 

analytic network process. Mindmapping with the future search conference permitted a 

community view of the problem and generated results based on how each factor 

related to the community as a whole. Using this community brainstorming technique 

represented a “soft” approach to decomposing and understanding the problem. The 

output from the soft approach subsequently served as input to the ANP model. The 

ANP model represented a “hard” technique which organised the component parts of 

the problem into a logical framework. This framework permitted the study of the 

simultaneous interaction of the different factors which affect the sustainability of any 

LTI. It also facilitated the quantification of the judgements of different experts based 

on their knowledge and experiences, streamlining the analyses of their judgements 

across multiple factors and greatly enhancing the entire decision making process.  
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8.2  Limitations of the Study 

This study was conducted using stakeholders and experts from a single 

geographic location (Pakistan). Despite the fact that developing countries have several 

factors in common, there are undeniably other factors which are peculiar to certain 

countries and not others. It would therefore be difficult to generalise the findings of 

this study to developing countries which are significantly different from Pakistan in 

such areas as topography, culture and government. It is however expected that the 

results of this study would be generalizable to countries which are coterminous with 

Pakistan. 

A second limitation of this study is in the small size of the surveyed 

participants, both for the future search conference and for the ANP questionnaires. 

The future search conference involved 12 experts whilst the case studies with the 

ANP questionnaire only involved 8 experts. It is expected that increasing the number 

of participants in the future search conference to about 30 people or more would 

present new facets in the understanding of the problem. In addition, the fact that some 

experts participated in both stages of the study may have resulted in their responses to 

the ANP questionnaire being influenced by ideas conceived during the first stage of 

the future search conference. 

Another limitation of this study is in the subjective nature of the experts’ 

responses. Each expert was asked for his/her opinion on learning technology 

interventions and the benefits, opportunities, resources and risks parameters which 

influence their sustainability. The collected responses therefore represented the 

personal opinion of each expert shaped by his/her knowledge, skills and experience 

and may or may not reflect the reality in practice. 

 

8.3  Recommendations for Future Research 

In the event that a similar study is conducted in the future, it is recommended 

that the ANP ratings be entered into software in real-time. This would allow for the 

immediate identification and revision of inconsistent judgements. Higher consistency 

in judgements is expected to improve the reliability of the results. 
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From the analysis of the case study results, educational TV appears to 

maintain the lowest position as the least sustainable of the five LTIs. It would be 

interesting to note if this would remain the case were one of the eliminated five LTIs 

(like educational radio) substituted for educational TV in the ANP model. The 

phenomenon of rank preservation or reversal could then be noted and documented. 

The rank ordering could also be investigated when school on wheels (currently the 

most sustainable LTI) is replaced by another. 

The ANP as a group decision making technique requires a significant amount 

of effort, even more than the AHP due to the extra level of comparisons required in 

assessing each individual alternative and determining which of its characteristics is 

more prominent. This increased complexity requires greater exertion and commitment 

from the experts. It may be more efficient to enter the comparisons into software in 

real-time so that experts have the chance to immediately review and revise 

inconsistent judgements whilst also observing the effects of their judgements on the 

outcome. 

This study was conducted using one group of experts at a particular instance in 

time. It would be interesting to note what changes – if any – would occur to the results 

of the study were the same experts asked to complete the exercise after a lapse of 

some time. It would also be useful to observe the changes to the study results if 

experts from different geographic locations were selected. 

All of the judgements in this study were subjective and there were no 

quantified factors. A different approach could be to include the actual costs of 

implementing each LTI in the model itself to observe the effect on the final rankings. 

A longitudinal study could also be conducted to verify if the suggested sustainable 

LTIs actually remained sustainable over time. 
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Appendix A   

ANP Questionnaire 

About this study 

Thank you for giving your time by participating in this study. This whole exercise will take about one hour of your precious time. Your expertise is invaluable to the 

success of this study. This study aims to develop a model of the most sustainable learning technology interventions (LTIs) that can be implemented in a developing 

country like Pakistan.  The following five LTIs are currently being considered. 

1. School on Wheels 

A school on wheels transports learning to children in their localities instead of requiring them to congregate at a conventional school.  This learning intervention may 

involve a teacher travelling on a school bus to collect pupils on a particular route who are then taught either on the bus or in some central location. The bus may also 

be equipped with advanced technology like an Internet satellite dish to connect to the Internet and to provide Internet access to children through hand-held tablets. 

Examples are shown in Figure 44: 

 

 

      

Figure 44: School on wheels 
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2. Mobile Phones 

A mobile phone as a learning technology intervention involves using a mobile device to disseminate educational and/or training material. This may be accomplished 

through the use of SMS (text messaging) mobile phone applications (computer software that run on mobile phones) or dedicated educational mobile devices (pocket 

schools) made specifically for learning. An example is shown in Figure 45. 

 

Figure 45: Mobile phone learning 

 

3. Online Tutoring 

Online tutoring involves a teacher giving lessons to a student or group of students usually over the internet. This type of intervention typically requires a computer 

and an Internet connection.  Tutoring may occur in real-time or involve the tutor and student leaving messages to be retrieved by the other at a later time. Both the 

tutor and the student need to access to the Internet and a computer. An example of online tutoring is displayed in Figure 46. 
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Figure 46: Online tutoring 

  

 

4. Educational Television 

This involves broadcasting educational programmes on television. These programmes may be designed to teach literacy, numeracy, science and other subjects. The 

television programmes may either teach through fun and using cartoon characters as in Sesame Street and The Magic School Bus or provide recordings of classroom 

type lessons especially to teach an older age group. Educational television also may use the Internet to allow students to interact with their tutors. An example of the 

implementation of educational television is shown in Figure 47. 
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Figure 47: Educational television 

 

 

5. Massive Open Online Courses (MOOCs) 

These are educational courses provided online at no charge and no credit. These courses can be accessed anywhere by anyone with an Internet connection. The 

courses may involve many thousands of students taking a course at the same time where multiple instructors assisted by graders and automated assignment checking 

software is used to deliver a completely online learning experience.  
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The Learning technology interventions are summarised in Table 66. 

Table 66: Selected learning technology interventions 

LT1 School on Wheels 

LT2 Mobile Phones 

LT3 Online Tutoring 

LT4 Educational TV 

LT5 Massive open online courses MOOCs 

 

These LTIs can be used to deliver content to learners in a developing country. In order to assess these LTIs and select the best one, four parameters have been chosen 

to be used as inputs to the Analytic Network Process (ANP). The ANP is a decision making technique which is based on human judgement. The four parameters are: 

1. Benefits: what immediate benefits can the LTI deliver in the context of a developing country? Three benefits are being considered, these are: 

1.1. Providing access to better teachers. 

1.2. Improving learning outcomes. 

1.3. Increasing productivity. 

The objective is to assess the LTIs with respect to which provides the most of the stated benefits. 

2. Opportunities: what potential future opportunities can the LTI deliver? The three being considered  are: 

2.1. Providing access to teachers/learning resources. 

2.2. Driving economic development for companies that make LTIs. 

2.3. Eradicating poverty. 

The objective is to assess the LTIs with respect to which is anticipated to provide the most of the stated opportunity in the future. 

 

3. Costs/Resources: what costs are incurred/resources required in implementing this LTI? The three resources being considered are: 

3.1. Unaffordability or financial consideration. 

3.2. Requiring teacher training or competence. 

3.3. Availability of electricity. 

4. Risks: what risks are likely to be incurred by implementing this LTI? 

4.1. Teacher non-adoption, are teachers likely to NOT adopt this LTI? 

4.2. Misunderstanding end-user requirement; are end user requirements likely to be misunderstood in implementing this LTI? 

4.3. Religion and Taboo; will this LTI face opposition due to religion and taboo. 
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This information is summarised in Table 67 below. 

Table 67: Selected Benefits, Opportunities, Resources and Risks 

BENEFITS   RESOURCES  

B1 Access to better teachers R1 Unaffordability 
B2 Improved Learning outcomes R2 Teacher training/competence 

B3 Increased Productivity R3 Availability of electricity 

OPPORTUNITIES  RISKS  

P1 Access (to teachers/learning 
resources) 

K1 Teacher non-adoption 

P2 Drive Economic Development for 

companies that make LTIs 

K2 Misunderstanding end-user 

requirements 
P3 Eradicate Poverty K3 Religion and Taboo 

 

How to assess 

In assessing the LTIs, three levels of pairwise comparisons will be implemented. The first level comparisons involve comparing pairs of LTIs with respect to each 

sub-benefits, opportunities, costs/resources and risks (BOCR). The second level comparisons involve comparing each pair of sub-BOCR with respect to each LTI to 

see which sub-benefit, opportunity, resource or risk is the more prominent characteristic of that LTI. The third level involves comparing benifits, opportunities, 

required resources and risks against each other. Table 3 below shows the rating guide where a number is to be assigned for each comparison depending on the 

strength of the elements under comparison. Further examples are given before each comparison. 

CAUTION 

When assessing the costs (or required resources) and the risks, the most costly or resource hungry and the most risky alternative get the highest ratings. 

Table 68: Ratings guide and ANP Comparisons Legend 

Intensity of 

Importance 

Definition Explanation 

1 Equal Importance Both contribute equally to the objective 

3 Moderate Importance Experience and judgement slightly favour  1 over 2 

5 Strong Importance Experience and judgement strongly favour 1 over 2 

7 Very strong 1 is favoured very strongly over 2 

9 Extreme Importance The evidence favouring 1 over 2 is of the highest possible order of 

affirmation 

2,4,6,8 Intermediate values A compromise between the two 
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Instruction 

Please check the box which in your opinion shows the more important of the two items being considered with respect to the criterion. 

Level 1 Comparisons 

Benefits 

1: Compare Importance with respect to Access to Better Teachers: 

For example, if  you feel that ‘school on wheels’ will provide much better (very strong) access to better teachers as opposed to  mobile phones, please check box 7 

on the left hand side. Alternatively if you feel that both provide equal access to teachers, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  school on wheels                    mobile phones 

2  school on wheels                   online tutoring 

3  school on wheels                   educational TV 

4  school on wheels                   MOOC 
 

5  mobile phones                   online tutoring 

6  mobile phones                   educational TV 

7  mobile phones                   MOOC 
 

8  online tutoring                   educational TV 

9  online tutoring                   MOOC 
 

10  educational TV                   MOOC 
 

2: Compare Importance with respect to Improved Learning Outcomes: 

For example, if you feel that mobile phones moderately improve learning outcomes as opposed to school on wheels, please check box 3 on the right hand side. 

Alternatively if you feel that both equally improve learning outcomes, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  school on wheels                   mobile phones 

2  school on wheels                    online tutoring 

3  school on wheels                    educational TV 

4  school on wheels                    MOOCs 
 

5  mobile phones                   online tutoring 

6  mobile phones                   educational TV 

7  mobile phones                   MOOCs 
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  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  
 

8  online tutoring                   educational TV 

9  online tutoring                   MOOCs 
 

10  educational TV                   MOOCs 

 

3: Compare Importance with respect to Increased Productivity: 

For example, if you feel that school on wheels strongly increases productivity as opposed to mobile phones, please check box 5 on the left hand side. 

Alternatively if you feel that both equally increase productivity, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  school on wheels                    mobile phones 

2  school on wheels                    online tutoring 

3  school on wheels                    educational TV 

4  school on wheels                    MOOCs 
 

5  mobile phones                   online tutoring 

6  mobile phones                   educational TV 

7  mobile phones                   MOOCs 
 

8  online tutoring                   educational TV 

9  online tutoring                   MOOCs 
 

10  educational TV                   MOOCs 

 

Opportunities 

1: Compare Importance with respect to Access to teachers/learning resource: 

For example, if  you feel that ‘school on wheels’ provide much better (very strong) access to teachers/learning resources as opposed to  mobile phones, please check 

box 7 on the left hand side. Alternatively if you feel that both equally provide access to teachers/learning resources, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  school on wheels                    mobile phones 

2  school on wheels                    online tutoring 

3  school on wheels                    educational TV 

4  school on wheels                    MOOCs 
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  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  
 

5  mobile phones                   online tutoring 

6  mobile phones                   educational TV 

7  mobile phones                   MOOCs 
 

8  online tutoring                   educational TV 

9  online tutoring                   MOOCs 
 

10  educational TV                   MOOCs 

 

 

2: Compare Importance with respect to  Drive economic development for companies that make learning technology interventions (LTIs): 

For example, if you feel that mobile phones moderately drive economic development as opposed to school on wheels, please check box 3 on the right hand side. 

Alternatively if you feel that both equally drive economic development, please check box 1 in the middle. 

 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  school on wheels                    mobile phones 

2  school on wheels                    online tutoring 

3  school on wheels                    educational TV 

4  school on wheels                    MOOCs 
 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

5  mobile phones                   online tutoring 

6  mobile phones                   educational TV 

7  mobile phones                   MOOCs 
 

8  online tutoring                   educational TV 

9  online tutoring                   MOOCs 
 

10  educational TV                   MOOCs 
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3: Compare Importance with respect to  Eradicate Poverty: 

For example, if you feel that school on wheels strongly eradicates poverty as opposed to mobile phones, please check box 5 on the left hand side. 

Alternatively if you feel that both equally eradicate poverty, please check box 1 in the middle. 
 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  school on wheels                    mobile phones 

2  school on wheels                    online tutoring 

3  school on wheels                    educational TV 

4  school on wheels                    MOOCs 
 

5  mobile phones                   online tutoring 

6  mobile phones                   educational TV 

7  mobile phones                   MOOCs 
 

8  online tutoring                   educational TV 

9  online tutoring                   MOOCs 
 

10  educational TV                   MOOCs 

 

Resources 

1: Compare Importance with respect to unaffordability: 

For example, if you feel that ‘school on wheels’ is much more (very strongly) unaffordable as opposed to mobile phones, please check box 7 on the left hand side. 

Alternatively if you feel that both are equally unaffordable, please check box 1 in the middle. 
 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  school on wheels                    mobile phones 

2  school on wheels                    online tutoring 

3  school on wheels                    educational TV 

4  school on wheels                    MOOCs 
 

5  mobile phones                   online tutoring 

6  mobile phones                   educational TV 

7  mobile phones                   MOOCs 
 

8  online tutoring                   educational TV 

9  online tutoring                   MOOCs 
 

10  educational TV                   MOOCs 
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2: Compare Importance with respect to Teacher training/competence: 

For example, if you feel that mobile phones moderately require teacher training/ competence as opposed to school on wheels, please check box 3 on the right hand 

side. Alternatively if you feel that both equally require teacher training/competence, please check box 1 in the middle. 

 
  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  school on wheels                    mobile phones 

2  school on wheels                    online tutoring 

3  school on wheels                    educational TV 

4  school on wheels                    MOOCs 
 

5  mobile phones                   online tutoring 

6  mobile phones                   educational TV 

7  mobile phones                   MOOCs 
 

8  online tutoring                   educational TV 

9  online tutoring                   MOOCs 
 

10  educational TV                   MOOCs 

 

3: Compare Importance with respect to  Availability of electricity: 

For example, if you feel that school on wheels strongly requires availability of electricity as opposed to mobile phones, please check box 5 on the left hand side. 

Alternatively if you feel that both equally require availability of electricity, please check box 1 in the middle. 

 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  school on wheels                    mobile phones 

2  school on wheels                    online tutoring 

3  school on wheels                    educational TV 

4  school on wheels                    MOOCs 
 

5  mobile phones                   online tutoring 

6  mobile phones                   educational TV 

7  mobile phones                   MOOCs 
 

8  online tutoring                   educational TV 

9  online tutoring                   MOOOCs 
 

10  educational TV                   MOOCs 
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Risks  

1: Compare Importance with respect to  Teacher non-adoption: 

For example, if  you feel that ‘school on wheels’ is very much less likely to be adopted by teachers as opposed to  mobile phones, please check box 7 on the left 

hand side. Alternatively if you feel that both are equally likely to not be adopted, please check box 1 in the middle. 
 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  school on wheels                    mobile phones 

2  school on wheels                    online tutoring 

3  school on wheels                    educational TV 

4  school on wheels                    MOOCs 
 

5  mobile phones                   online tutoring 

6  mobile phones                   educational TV 

7  mobile phones                   MOOCs 
 

8  online tutoring                   educational TV 

9  online tutoring                   MOOCs 
 

10  educational TV                   MOOCs 

 

2: Compare Importance with respect to misunderstanding end-user requirement: 

For example, if you feel that misunderstanding of end-user requirements will be moderately higher for mobile phones as opposed to school on wheels, please check 

box 3 on the right hand side. Alternatively if you feel that misunderstanding of end-user requirements is equal for both, please check box 1 in the middle. 
 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  school on wheels                    mobile phones 

2  school on wheels                    online tutoring 

3  school on wheels                    educational TV 

4  school on wheels                    MOOCs 
 

5  mobile phones                   online tutoring 

6  mobile phones                   educational TV 

7  mobile phones                   MOOCs 
 

8  online tutoring                   educational TV 

9  online tutoring                   MOOCs 
 

10  educational TV                   MOOCs 
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3: Compare Importance with respect to Religion and Taboo: 

For example, if you feel that school on wheels is strongly affected by religion and taboo as opposed to mobile phones, please check box 5 on the left hand side. 

Alternatively if you feel that both are equally affected by religion and taboo, please check box 1 in the middle. 
  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  school on wheels                    mobile phones 

2  school on wheels                    online tutoring 

3  school on wheels                    educational TV 

4  school on wheels                    MOOCs 
 

5  mobile phones                   online tutoring 

6  mobile phones                   educational TV 

7  mobile phones                   MOOCs 
 

8  online tutoring                   educational TV 

9  online tutoring                   MOOCs 
 

10  educational TV                   MOOCs 

 

Level 2 Comparisons 

 School on Wheels 

1: Compare Benefits Importance with respect to School on wheels: 

For example, if you feel that “Access to better teachers” is a moderately more emphasised benefit of school on wheels than “improved learning outcomes”, please 

check box 3 on the left hand side. Alternatively, if you feel that both are equally emphasised benefits of school on wheels, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  Access to better teachers                   Improved Learning 

outcomes 

2  Access to better teachers                   Increased Productivity 
 

3  Improved Learning 

outcomes 
                  Increased Productivity 
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2: Compare Opportunities Importance with respect to School on Wheels: 

For example, if you feel that “Access to teachers/learning resources” is a strongly more emphasised opportunity of school on wheels than “drive economic 

development for companies that make Learning Technology Interventions (LTIs)”, please check box 5 on the left hand side. Alternatively, if you feel that both 

provide equal levels of opportunities for school on wheels, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  Access to teachers/learning 

resources 
                  Drive economic 

development 

2  Access to teachers/learning 

resources 
                  Eradicate Poverty 

 

3  Drive economic development for 

companies that make LTIs  
                  Eradicate Poverty 

 

3: Compare Resources Importance with respect to School on Wheels: 

For example, if you feel that unaffordability is an extremely more emphasised resource requirement of school on wheels than teacher training/competence, please 

check box 9 on the left hand side. Alternatively, if you feel that both have equal resource requirements for school on wheels, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  Unaffordability                   Teacher training/competence 

2  Unaffordability                   Availability of electricity 
 

3  Teacher training/competence                   Availability of electricity 
 

4: Compare Risks with respect to School on Wheels: 

For example, if you feel that teacher non-adoption is an extremely more severe/likely risk of school on wheels than misunderstanding end user requirements, 

please check box 9 on the left hand side. Alternatively, if you feel that both are equally likely and severe risks for school on wheels, please check box 1 in the 

middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  Teacher non-adoption                   Misunderstanding end user 

requirements 

2  Teacher non-adoption                   Religion & Taboo 
 

3  Misunderstanding end user 

requirements 
                  Religion & Taboo 
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Mobile Phones 

1: Compare Benefits Importance with respect to Mobile Phones: 

For example, if you feel that “Access to better teachers” is a moderately more emphasised benefit of mobile phones than “improved learning outcomes”, please 

check box 3 on the left hand side. Alternatively, if you feel that both are equally emphasised benefits of mobile phones, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  Access to better teachers                   Improved Learning outcomes 

2  Access to better teachers                   Increased Productivity 
 

3  Improved Learning outcomes                   Increased Productivity 
 

2: Compare Opportunities Importance with respect to Mobile Phones: 

For example, if you feel that “Access to teachers/learning resources” is a strongly more emphasised opportunity of mobile phones than “drive economic 

development for companies that make Learning Technology Interventions (LTIs)”, please check box 5 on the left hand side. Alternatively, if you feel that both are 

equally emphasised opportunities for mobile phones, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  Access to teacher/learning 

resources 
                  Drive economic 

development 

2  Access to teacher/learning 

resources 
                  Eradicate Poverty 

 

3  Drive economic development                   Eradicate Poverty 
 

3: Compare Resources Importance with respect to Mobile Phones: 

For example, if you feel that unaffordability is an extremely more emphasised resource requirement of mobile phones than teacher training/competence, please 

check box 9 on the left hand side. Alternatively, if you feel that both have equal resource requirements for mobile phones, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  Unaffordability                   Teacher 

training/competence 

2  Unaffordability                   Availability of 

electricity 
 

3  Teacher 

training/competence 
                 Availability of electricity 
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4: Compare Risks with respect to Mobile Phones: 

For example, if you feel that teacher non-adoption is an extremely more severe/likely risk of mobile phones than misunderstanding end user requirements, please 

check box 9 on the left hand side. Alternatively, if you feel that both are equally likely and severe risks for mobile phones, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  Teacher non-adoption                   Misunderstanding end user 

requirements 

2  Teacher non-adoption                   Religion & Taboo 
 

3  Misunderstanding end user 

requirements 
                  Religion & Taboo 

 

 Online Tutoring 

1: Compare Benefits Importance with respect to Online Tutoring: 

For example, if you feel that “Access to better teachers” is a moderately more emphasised benefit of online tutoring than “improved learning outcomes”, please 

check box 3 on the left hand side. Alternatively, if you feel that both are equally emphasised benefits of online tutoring, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  Access to better teachers                   Improved Learning outcomes 

2  Access to better teachers                   Increased Productivity 
 

3  Improved Learning outcomes                   Increased Productivity 
 

2: Compare Opportunities Importance with respect to Online Tutoring: 

For example, if you feel that “Access to teachers/learning resources” is a strongly more emphasised opportunity of online tutoring than “drive economic 

development for companies that make Learning Technology Interventions (LTIs)”, please check box 5 on the left hand side. Alternatively, if you feel that both are 

equally emphasised opportunities of online tutoring, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  Access to 

teacher/learning 

resources 

                  Drive 

economic 

development 

2  Access to 

teacher/learning 

resources 

                  Eradicate 

Poverty 

 

3  Drive economic 

development 
                  Eradicate 

Poverty 
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3: Compare Resources Importance with respect to Online Tutoring: 

For example, if you feel that unaffordability is an extremely more emphasised resource requirement of online tutoring than teacher training/competence, please check box 9 on the 

left hand side. Alternatively, if you feel that both have equal resource requirements for online tutoring, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  Unaffordability                   Teacher 

training/competence 

2  Unaffordability                  Availability of electricity 
 

3  Teacher 

training/competence 
                 Availability of electricity 

 

4: Compare Risks with respect to Online Tutoring:  

For example, if you feel that teacher non-adoption is an extremely more severe/likely risk of online tutoring than misunderstanding end user requirements, please check box 9 on 

the left hand side. Alternatively, if you feel that both are equally likely and severe risks for online tutoring, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  Teacher non-adoption                   Misunderstanding end user 

requirements 

2  Teacher non-adoption                   Religion & Taboo 
 

3  Misunderstanding end user 

requirements 
                  Religion & Taboo 

 

Educational Television 

1: Compare Benefits Importance with respect to Educational TV 

For example, if you feel that “Access to better teachers” is a moderately more emphasised benefit of educational TV than “improved learning outcomes”, please check box 3 on the 

left hand side. Alternatively, if you feel that both are equally emphasised benefits of educational TV, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  Access to better teachers                   Improved Learning outcomes 

2  Access to better teachers                   Increased Productivity 
 

3  Improved Learning outcomes                   Increased Productivity 
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2: Compare Opportunities Importance with respect to Educational TV: 

For example, if you feel that “Access to teachers/learning resources” is a strongly more emphasised opportunity of educational TV than “drive economic development for companies 

that make Learning Technology Interventions (LTIs)”, please check box 5 on the left hand side. Alternatively, if you feel that both are equally emphasised opportunities for 

educational TV, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  Access to teacher/learning 

resources 
                  Drive economic 

development 

2  Access to teacher/learning 

resources 
                  Eradicate Poverty 

 

3  Drive economic development                   Eradicate Poverty 

 

3: Compare Resources Importance with respect to Educational TV: 

For example, if you feel that unaffordability is an extremely more emphasised resource requirement of educational TV than teacher training/competence, please check box 9 on the 

left hand side. Alternatively, if you feel that both have equal resource requirements for educational TV, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  Unaffordability                   Teacher training/competence 

2  Unaffordability                   Availability of electricity 
 

3  Teacher training/competence                  Availability of electricity 

 

4: Compare Risks with respect to Educational TV: 

For example, if you feel that teacher non-adoption is an extremely more severe/likely risk of educational TV than misunderstanding end user requirements, please check box 9 on 

the left hand side. Alternatively, if you feel that both are equally likely and severe risks for educational TV, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  Teacher non-adoption                   Misunderstanding end user 

requirements 

2  Teacher non-adoption                   Religion & Taboo 
 

3  Misunderstanding end user 

requirements 
                  Religion & Taboo 
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 Massive Open Online Courses (MOOCS) 

1: Compare Benefits Importance with respect to MOOCs: 

For example, if you feel that “Access to better teachers” is a moderately more emphasised benefit of MOOCs than “improved learning outcomes”, please check box 3 on the left 

hand side. Alternatively, if you feel that both are equally emphasised benefits of MOOCs, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  Access to better teachers                   Improved Learning outcomes 

2  Access to better teachers                   Increased Productivity 
 

3  Improved Learning outcomes                   Increased Productivity 

 

 

2: Compare Opportunities Importance with respect to MOOCs: 

For example, if you feel that “Access to teachers/learning resources” is a strongly more emphasised opportunity of MOOCs than “drive economic development for companies that 

make Learning Technology Interventions (LTIs)”, please check box 5 on the left hand side. Alternatively, if you feel that both are equally emphasised opportunities for MOOCs, 

please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  Access to teacher/learning 

resources 
                  Drive economic 

development 

2  Access to teacher/learning 

resources 
                  Eradicate Poverty 

 

3  Drive economic development                   Eradicate Poverty 
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3: Compare Resources Importance with respect to MOOCs: 

For example, if you feel that Unaffordability is an extremely more emphasised resource requirement of MOOCs than teacher training/competence, please check box 9 on the left 

hand side. Alternatively, if you feel that both have equal resource requirements for MOOCs, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  Unaffordability                   Teacher training/competence 

2  Unaffordability                  Availability of electricity 
 

3  Teacher training/competence                   Availability of electricity 

 

4: Compare Risks with respect to MOOCs: 

For example, if you feel that teacher non-adoption is an extremely more severe/likely risk of MOOCs than misunderstanding end user requirements, please check box 9 on the left 

hand side. Alternatively, if you feel that both are equally likely and severe risks for MOOCs, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1  Teacher non-adoption                   Misunderstanding end user 

requirements 

2  Teacher non-adoption                   Religion & Taboo 
 

3  Misunderstanding end user 

requirements 
                  Religion & Taboo 

 

Level 3 Comparisons 

Compare Benefits, Opportunities, Resources and Risks with respect to the overall goal of selecting a sustainable learning technology intervention for development. 

For example, if you feel that “Benefits” is moderately more important than “Opportunities” with respect to attaining the goal of a sustainable learning technology intervention, 

please check box 3 on the left hand side. Alternatively, if you feel that both are equally important with respect to the goal, please check box 1 in the middle. 

  9 8 7 6 5 4 3 2 1 2 3 4 5 6 7 8 9  

1 Benefits                   Opportunities 

2 Benefits                   Resources 

3 Benefits                   Risks 
 

4 Opportunities                   Resources 

5 Opportunities                   Risks 
 

6 Resources                   Risks 
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Appendix B   

Supermatrices of Expert 1’s Analysis 

 

Table 69: Expert 1 supermatrix of goal node 

Node Cluster Labels 

Goal 

 

Model 

Goal 1.Benefits 2.Opportunities 3.Resources 4.Risks 

Goal Goal 0.0000 0.0000 0.0000 0.0000 0.0000 

M
o
d
e

l 

1.Benefits 0.5283 0.0000 0.0000 0.0000 0.0000 

2.Opportunities 0.3050 0.0000 0.0000 0.0000 0.0000 

3.Resources 0.1057 0.0000 0.0000 0.0000 0.0000 

4.Risks 0.0610 0.0000 0.0000 0.0000 0.0000 

 

 

Table 70: Expert 1 supermatrix of benefits node 

 

 

01_Access_to

_better_teach

ers

02_Improved_

Learning_Out

comes

03_Increased_

productivity

01_School_on

_wheels

02_Mobile_ph

ones

03_Online_tu

toring

04_Educati

onal_tv 05_MOOCs

01 Benefits

01_Access_to

_better_teach

ers 0 0 0 0.090909 0.333333 0.087946 0.454545 0.486922

02_Improved_

Learning_Outc

omes 0 0 0 0.454545 0.333333 0.669417 0.090909 0.077816

03_Increased_

productivity 0 0 0 0.454545 0.333333 0.242637 0.454545 0.435261

Alternatives

01_School_on

_wheels 0.167844 0.497965 0.178556 0 0 0 0 0

02_Mobile_ph

ones 0.16449 0.055141 0.298131 0 0 0 0 0

03_Online_tut

oring 0.166912 0.26551 0.062375 0 0 0 0 0

04_Education

al_tv 0.173181 0.090692 0.143782 0 0 0 0 0

05_MOOCs 0.327572 0.090692 0.317155 0 0 0 0 0

Node Cluster Labels

01 Benefits Alternatives
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Table 71: Expert 1 supermatrix of opportunities node 

 

 

Table 72: Expert 1 supermatrix of resources node 

 

 

Table 73: Expert 1 supermatrix of risks node 

 

01_Access_to

_teacher

02_Drive_economic_

development

03_Eradicate

_poverty

01_School_on

_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educational

_tv 05_MOOCs

01_Access

_to_teacher 0 0 0 0.700711 0.701489 0.71471 0.617504 0.76076

02_Drive_e

conomic_d

evelopmnt 0 0 0 0.20212 0.239906 0.218494 0.296865 0.191191

03_Eradicat

e_poverty 0 0 0 0.097169 0.058605 0.066796 0.085631 0.048049

01_School_

on_wheels 0.058889 0.06284 0.410284 0 0 0 0 0

02_Mobile_

phones 0.457167 0.527374 0.300201 0 0 0 0 0

03_Online_t

utoring 0.164515 0.203631 0.135263 0 0 0 0 0

04_Educati

onal_tv 0.09131 0.059266 0.068674 0 0 0 0 0

05_MOOCs 0.228119 0.146889 0.085579 0 0 0 0 0

Alternatives02 Opportunities

Alternativ

es

Node Cluster Labels

Opportuni

ties

01_Affordability

02_Teacher

_training

03_Access_t

o_electric_po

wer

01_School_

on_wheels

02_Mobile

_phones

03_Online_t

utoring

04_Educational

_tv 05_MOOCs

03 Resources

01_Affordabilit

y 0 0 0 0.730645 0.058605 0.52667 0.062699 0.52667

02_Teacher_tr

aining 0 0 0 0.188394 0.701489 0.259776 0.30431 0.259776

03_Access_to

_electric_pow

er 0 0 0 0.080961 0.239906 0.213554 0.632991 0.213554

Alternatives

01_School_on

_wheels 0.496993 0.060118 0.051815 0 0 0 0 0

02_Mobile_ph

ones 0.100422 0.12204 0.068864 0 0 0 0 0

03_Online_tut

oring 0.248235 0.060118 0.293107 0 0 0 0 0

04_Education

al_tv 0.068657 0.378862 0.293107 0 0 0 0 0

05_MOOCs 0.085693 0.378862 0.293107 0 0 0 0 0

Node Cluster Labels

03 Resources Alternatives

01_Teacher_

adoption

02_end_user_r

eqt

03_Religion_

taboo

01_School_

on_wheels

02_Mobile_

phones

03_Online_tut

oring

04_Educational

_tv 05_MOOCs

04 Risks

01_Teacher_a

doption 0 0 0 0.280833 0.280833 0.2 0.119388 0.097169

02_end_user_r

eqt 0 0 0 0.13501 0.584157 0.2 0.747053 0.700711

03_Religion_ta

boo 0 0 0 0.584157 0.13501 0.6 0.133559 0.20212

Alternatives

01_School_on

_wheels 0.083149 0.049823 0.466771 0 0 0 0 0

02_Mobile_ph

ones 0.154189 0.126807 0.242596 0 0 0 0 0

03_Online_tut

oring 0.065263 0.05174 0.121161 0 0 0 0 0

04_Educationa

l_tv 0.333871 0.478276 0.067478 0 0 0 0 0

05_MOOCs 0.363529 0.293354 0.101995 0 0 0 0 0

Node Cluster Labels

04 Risks Alternatives
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Appendix C  

Supermatrices of Expert 2’s Analysis 

 

Table 74: Expert 2 supermatrix of goal node 

Node Cluster Labels 

Goal Model 

Goal 1.Benefits 2.Opportunities 3.Resources 4.Risks 

Goal Goal 0.0000 0.0000 0.0000 0.0000 0.0000 

M
o

d
e
l 

1.Benefits 0.2762 0.0000 0.0000 0.0000 0.0000 

2.Opportunities 0.4874 0.0000 0.0000 0.0000 0.0000 

3.Costs 0.1182 0.0000 0.0000 0.0000 0.0000 

4.Risks 0.1182 0.0000 0.0000 0.0000 0.0000 

 

Table 75:Expert 2 supermatrix of benefits node 

 

 

 

Table 76: Expert 2 supermatrix of opportunities node 

 

 

01_Access_

to_better_te

achers

02_Improve

d_Learning_

Outcomes

03_Increa

sed_prod

uctivity

01_School

_on_whee

ls

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv

05_MOOC

s

01_Access_to_better_teachers0.0000 0.0000 0.0000 0.1562 0.2211 0.6175 0.5842 0.5842

02_Improved_Learning_Outcomes0.0000 0.0000 0.0000 0.6586 0.3189 0.2969 0.2808 0.2808

03_Increased_productivity0.0000 0.0000 0.0000 0.1852 0.4600 0.0856 0.1350 0.1350

01_School_on_wheels0.1358 0.2789 0.1246 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_phones0.4521 0.0801 0.5065 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_tutoring0.3282 0.5418 0.2758 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educational_tv0.0349 0.0292 0.0299 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.0490 0.0702 0.0632 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

01 Benefits Alternatives

01 Benefits

Alternatives

01_Access

_to_teacher

02_Drive_

econ_devt

03_Eradicat

e_poverty

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv

05_ 

MOOCs

01_Access_to_teacher 0.0000 0.0000 0.0000 0.7419 0.7419 0.7419 0.7778 0.7778

02_Drive_econ_devt 0.0000 0.0000 0.0000 0.2027 0.2027 0.2027 0.1111 0.1111

03_Eradicate_poverty 0.0000 0.0000 0.0000 0.0554 0.0554 0.0554 0.1111 0.1111

01_School_on_wheels 0.1358 0.1096 0.2000 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_phones 0.4521 0.5752 0.2000 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_tutoring 0.3282 0.2511 0.2000 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educational_tv 0.0349 0.0321 0.2000 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.0490 0.0321 0.2000 0.0000 0.0000 0.0000 0.0000 0.0000

02 Opportunities Alternatives

02 

Opportuniti

es

Alternatives
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Table 77: Expert 2 supermatrix of resources node 

 

 

Table 78: Expert 2 supermatrix of risks node 

 

 

 

  

01_Afforda

bility

02_Teach

er_training

03_Acces

s_to_elect

ric_power

01_School

_on_whee

ls

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv

05_MOOC

s

01_Affordability 0.0000 0.0000 0.0000 0.7419 0.3333 0.6854 0.1111 0.2344

02_Teacher_training 0.0000 0.0000 0.0000 0.2027 0.3333 0.2344 0.1111 0.0802

03_Access_to_electric

_power 0.0000 0.0000 0.0000 0.0554 0.3333 0.0802 0.7778 0.6854

01_School_on_wheels 0.6195 0.0601 0.2000 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_phones 0.0885 0.1220 0.2000 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_tutoring 0.1685 0.0601 0.2000 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educational_tv 0.0562 0.3789 0.2000 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.0673 0.3789 0.2000 0.0000 0.0000 0.0000 0.0000 0.0000

03 Resources Alternatives

03 

Resources

Alternatives

01_Teach

er_adoptio

n

02_end_u

ser_reqt

03_Religi

on_taboo

01_School

_on_whee

ls

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv

05_MOOC

s

01_Teacher_adoption 0.0000 0.0000 0.0000 0.5640 0.1429 0.1852 0.2211 0.1429

02_end_user_reqt 0.0000 0.0000 0.0000 0.2636 0.4286 0.6586 0.4600 0.4286

03_Religion_taboo 0.0000 0.0000 0.0000 0.1724 0.4286 0.1562 0.3189 0.4286

01_School_on_wheels 0.0926 0.0727 0.0708 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_phones 0.0469 0.0727 0.1561 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_tutoring 0.1102 0.0727 0.3781 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educational_tv 0.3751 0.4805 0.1330 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.3751 0.3013 0.2619 0.0000 0.0000 0.0000 0.0000 0.0000

04 Risks Alternatives

04 Risks

Alternatives



192 

 

Appendix D  

Supermatrices of Expert 3’s Analysis 

 

Table 79: Expert 3 goal supermatrix 

Node Cluster Labels 

Goal Model 

Goal 1.Benefits 2.Opportunities 3.Resources 4.Risks 

Goal Goal 0.0000 0.0000 0.0000 0.0000 0.0000 

M
o
d
e

l 

1.Benefits 0.2096 0.0000 0.0000 0.0000 0.0000 

2.Opportunities 0.4597 0.0000 0.0000 0.0000 0.0000 

3.Costs 0.0493 0.0000 0.0000 0.0000 0.0000 

4.Risks 0.2815 0.0000 0.0000 0.0000 0.0000 

 

 

Table 80: Expert 3 benefits supermatrix 

 

 

Table 81: Expert 3 opportunities supermatrix 

 

01_Access

_to_better_

teachers

02_Improve

d_Learning_

Outcomes

03_Increa

sed_prod

uctivity

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educa

tional_tv

05_MOOC

s

01_Access_to_better_teachers0.0000 0.0000 0.0000 0.2478 0.4545 0.6567 0.4665 0.3333

02_Improved_Learning

_Outcomes 0.0000 0.0000 0.0000 0.6884 0.4545 0.2606 0.4330 0.3333

03_Increased_productivity 0.0000 0.0000 0.0000 0.0637 0.0909 0.0827 0.1005 0.3333

01_School_on_wheels 0.3644 0.3113 0.2821 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_phones 0.0759 0.1107 0.1417 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_tutoring 0.3780 0.4830 0.4701 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educational_tv 0.1375 0.0475 0.0531 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.0442 0.0475 0.0531 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

01 Benefits Alternatives

01 Benefits

Alternatives

01_Acces

s_to_teac

her

02_Drive_

econ_devt

03_Eradic

ate_povert

y

01_School

_on_whee

ls

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv

05_MOOC

s

01_Access_to

_teacher 0.0000 0.0000 0.0000 0.6667 0.3333 0.3333 0.3333 0.1692

02_Drive_econ

_devt 0.0000 0.0000 0.0000 0.1667 0.3333 0.3333 0.3333 0.4434

03_Eradicate_

poverty 0.0000 0.0000 0.0000 0.1667 0.3333 0.3333 0.3333 0.3874

01_School_on

_wheels 0.0826 0.1586 0.1483 0.0000 0.0000 0.0000 0.0000 0.0000
02_Mobile_ph

ones 0.4904 0.4110 0.0628 0.0000 0.0000 0.0000 0.0000 0.0000
03_Online_tut

oring 0.1500 0.2116 0.0445 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educational_tv 0.0412 0.0887 0.2673 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.2359 0.1301 0.4772 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

02 Opportunities Alternatives

02 Opportunities

Alternatives
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Table 82: Expert 3 resources supermatrix 

 

 

Table 83: Expert 3 risks supermatrix 

 

 

  

01_Afforda

bility

02_Teach

er_training

03_Acces

s_to_elect

ric_power

01_School

_on_whee

ls

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv

05_MOOC

s

01_Affordability 0.0000 0.0000 0.0000 0.1603 0.0568 0.2062 0.0802 0.2062

02_Teacher_training 0.0000 0.0000 0.0000 0.6908 0.1661 0.0705 0.2344 0.0705

03_Access_to_electric_

power 0.0000 0.0000 0.0000 0.1488 0.7771 0.7233 0.6854 0.7233

01_School_on_wheels 0.0393 0.2177 0.0493 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_phones 0.0740 0.2685 0.0888 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_tutoring 0.3049 0.3838 0.2873 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educational_tv 0.1262 0.0895 0.2873 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.4557 0.0405 0.2873 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

03 Resources Alternatives

03 

Resources

Alternatives

01_Teach

er_adopti

on

02_end_u

ser_reqt

03_Religi

on_taboo

01_School

_on_whee

ls

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv

05_MOOC

s

01_Teacher_adoption 0.0000 0.0000 0.0000 0.1429 0.1753 0.1840 0.2815 0.0683

02_end_user_reqt 0.0000 0.0000 0.0000 0.1429 0.0531 0.0629 0.1749 0.1722

03_Religion_taboo 0.0000 0.0000 0.0000 0.7143 0.7716 0.7531 0.5436 0.7594

01_School_on_wheels 0.0358 0.0845 0.0873 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_phones 0.2275 0.1750 0.2815 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_tutoring 0.1688 0.0584 0.3764 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educational_tv 0.3472 0.2922 0.0674 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.2208 0.3898 0.1874 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

04 Risks Alternatives

04 Risks

Alternatives
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Appendix E  

Supermatrices of Expert 4’s Analysis 

Table 84: Expert 4 supermatrix of goal node 

Node Cluster Labels 

Goal Model 

Goal 1.Benefits 2.Opportunities 3.Resources 4.Risks 

Goal Goal 0.0000 0.0000 0.0000 0.0000 0.0000 

M
o

d
e
l 

1.Benefits 0.3952 0.0000 0.0000 0.0000 0.0000 

2.Opportunities 0.2781 0.0000 0.0000 0.0000 0.0000 

3.Resources 0.1634 0.0000 0.0000 0.0000 0.0000 

4.Risks 0.1634 0.0000 0.0000 0.0000 0.0000 

 

Table 85: Expert 4 supermatrix of benefits node 

 

 

01_Acces

s_to_bette

r_teachers

02_Improv

ed_Learni

ng_Outco

mes

03_Increa

sed_prod

uctivity

01_School

_on_whee

ls

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv

05_MOOC

s

01_Access_to_

better_teachers 0.0000 0.0000 0.0000 0.5499 0.1692 0.5000 0.2000 0.2000

02_Improved_L

earning_Outco

mes 0.0000 0.0000 0.0000 0.2098 0.4434 0.2500 0.4000 0.4000

03_Increased_

productivity 0.0000 0.0000 0.0000 0.2402 0.3874 0.2500 0.4000 0.4000

01_School_on

_wheels 0.3860 0.3300 0.3902 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_pho

nes 0.1042 0.1313 0.1435 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_tuto

ring 0.3722 0.3728 0.3023 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educational

_tv 0.0670 0.0803 0.0839 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.0706 0.0857 0.0802 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

01 Benefits Alternatives

01 Benefits

Alternatives
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Table 86: Expert 4 supermatrix of opportunities node 

 

 

Table 87: Expert 4 supermatrix of resources node 

 

 

01_Access

_to_teacher

02_Drive_

econ_devt

03_Eradic

ate_poverty

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv 05_MOOCs

01_Access_

to_teacher 0.0000 0.0000 0.0000 0.4934 0.2493 0.6667 0.6000 0.6667

02_Drive_ec

on_devt 0.0000 0.0000 0.0000 0.3108 0.5936 0.1667 0.2000 0.1667

03_Eradicat

e_poverty 0.0000 0.0000 0.0000 0.1958 0.1571 0.1667 0.2000 0.1667

01_School_

on_wheels 0.4291 0.2000 0.3301 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_

phones 0.0927 0.2000 0.2484 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_t

utoring 0.2697 0.2000 0.1405 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educatio

nal_tv 0.0754 0.2000 0.1405 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.1331 0.2000 0.1405 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

02 Opportunities Alternatives

02 

Opportunities

Alternatives

01_Afford

ability

02_Teach

er_training

03_Acces

s_to_elect

ric_power

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv 05_MOOCs

01_Affordability 0.0000 0.0000 0.0000 0.5842 0.3487 0.0754 0.0953 0.0819

02_Teacher

_training 0.0000 0.0000 0.0000 0.1350 0.1677 0.2290 0.2499 0.2363

03_Access

_to_electric

_power 0.0000 0.0000 0.0000 0.2808 0.4836 0.6955 0.6548 0.6817

01_School_

on_wheels 0.0511 0.2891 0.0416 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_

phones 0.5030 0.1010 0.1106 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_

tutoring 0.1487 0.2891 0.2826 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educati

onal_tv 0.1487 0.0634 0.2826 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.1487 0.2573 0.2826 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

03 Resources Alternatives

03 

Resources

Alternatives
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Table 88: Expert 4 supermatrix of risks node 

 

 

  

01_Teache

r_adoption

02_end_u

ser_reqt

03_Religi

on_taboo

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv 05_MOOCs

01_Teache

r_adoption 0.0000 0.0000 0.0000 0.4934 0.2385 0.6144 0.1843 0.6337

02_end_us

er_reqt 0.0000 0.0000 0.0000 0.1958 0.1365 0.1172 0.7215 0.1744

03_Religio

n_taboo 0.0000 0.0000 0.0000 0.3108 0.6250 0.2684 0.0942 0.191901_School

_on_wheel

s 0.2928 0.0872 0.1413 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile

_phones 0.0517 0.1023 0.4239 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online

_tutoring 0.1719 0.0772 0.1628 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educati

onal_tv 0.1719 0.4977 0.1092 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.3117 0.2356 0.1628 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

04 Risks Alternatives

04 Risks

Alternatives
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Appendix F  

Supermatrices of Expert 5’s Analysis 

 

Table 89: Expert 5 supermatrix of goal node 

Node Cluster Labels 

Goal Model  

Goal 1.Benefits 2.Opportunities 3.Resources 4.Risks 

Goal Goal 0.0000 0.0000 0.0000 0.0000 0.0000 

M
o

d
e
l 

1.Benefits 0.0863 0.0000 0.0000 0.0000 0.0000 

2.Opportunities 0.3061 0.0000 0.0000 0.0000 0.0000 

3.Resources 0.4488 0.0000 0.0000 0.0000 0.0000 

4.Risks 0.1588 0.0000 0.0000 0.0000 0.0000 

 

 

Table 90: Expert 5 supermatrix of benefits node 

 

01_Acces

s_to_bette

r_teachers

02_Improv

ed_Learni

ng_Outco

mes

03_Increa

sed_prod

uctivity

01_School

_on_whee

ls

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv

05_MOOC

s

01_Access_to_

better_teachers 0.0000 0.0000 0.0000 0.0560 0.5954 0.5472 0.3275 0.2098

02_Improved_L

earning_Outco

mes 0.0000 0.0000 0.0000 0.7403 0.1283 0.2631 0.2599 0.5499

03_Increased_

productivity 0.0000 0.0000 0.0000 0.2037 0.2764 0.1897 0.4126 0.2402

01_School_on

_wheels 0.1187 0.3219 0.1427 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_pho

nes 0.2339 0.0359 0.1909 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_tuto

ring 0.5737 0.4428 0.1078 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educational

_tv 0.0352 0.0694 0.1649 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.0385 0.1300 0.3938 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

01 Benefits Alternatives

01 Benefits

Alternatives
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Table 91: Expert 5 supermatrix of opportunities node 

 

 

Table 92: Expert 5 supermatrix of resources node 

 

 

01_Acces

s_to_teac

her

02_Drive_

econ_devt

03_Eradic

ate_povert

y

01_School

_on_whee

ls

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv

05_MOOC

s

01_Acces

s_to_teac

her 0.0000 0.0000 0.0000 0.3108 0.6337 0.6910 0.6667 0.6908

02_Drive_

econ_devt 0.0000 0.0000 0.0000 0.1958 0.1744 0.0914 0.1111 0.1603

03_Eradic

ate_povert

y 0.0000 0.0000 0.0000 0.4934 0.1919 0.2176 0.2222 0.1488

01_School

_on_whee

ls 0.2652 0.2787 0.1676 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile

_phones 0.1582 0.1294 0.1887 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online

_tutoring 0.3860 0.0703 0.1294 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educat

ional_tv 0.0549 0.4313 0.4718 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.1357 0.0904 0.0425 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

02 Opportunities Alternatives

02 

Opportunit

ies

Alternative

s

01_Afforda

bility

02_Teach

er_training

03_Acces

s_to_elect

ric_power

01_School

_on_whee

ls

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv

05_MOOC

s

01_Affordability0.0000 0.0000 0.0000 0.4272 0.7403 0.2021 0.1961 0.1833

02_Teach

er_training 0.0000 0.0000 0.0000 0.4997 0.2037 0.0724 0.0590 0.0501

03_Acces

s_to_elect

ric_power 0.0000 0.0000 0.0000 0.0731 0.0560 0.7256 0.7450 0.7666

01_School

_on_whee

ls 0.1490 0.3557 0.0325 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile

_phones 0.0306 0.0425 0.0325 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online

_tutoring 0.4004 0.3625 0.2320 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educat

ional_tv 0.0306 0.0359 0.4710 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.3894 0.2034 0.2320 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

03 Resources Alternatives

03 

Resources

Alternatives
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Table 93: Expert 5 supermatrix of risks node 

 

 

  

01_Teacher

_adoption

02_end_

user_reqt

03_Religi

on_taboo

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv 05_MOOCs

01_Teacher

_adoption 0.0000 0.0000 0.0000 0.0872 0.0583 0.1954 0.0545 0.0684

02_end_us

er_reqt 0.0000 0.0000 0.0000 0.1618 0.1783 0.0692 0.1881 0.1423

03_Religion

_taboo 0.0000 0.0000 0.0000 0.7510 0.7633 0.7354 0.7575 0.7893

01_School_

on_wheels 0.5027 0.0737 0.1215 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_

phones 0.2431 0.1725 0.2261 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_t

utoring 0.0711 0.0530 0.2543 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educati

onal_tv 0.0506 0.4401 0.0671 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.1324 0.2607 0.3310 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

04 Risks Alternatives

04 Risks

Alternatives
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Appendix G  

Supermatrices of Expert 6’s Analysis 

 

Table 94: Expert 6 supermatrix of goal node 

Node Cluster Labels 

Goal Model  

Goal 1.Benefits 2.Opportunities 3.Costs 4.Risks 

Goal Goal 0.0000 0.0000 0.0000 0.0000 0.0000 

M
o

d
e
l 

1.Benefits 0.2250 0.0000 0.0000 0.0000 0.0000 

2.Opportunities 0.6750 0.0000 0.0000 0.0000 0.0000 

3.Costs 0.0250 0.0000 0.0000 0.0000 0.0000 

4.Risks 0.0750 0.0000 0.0000 0.0000 0.0000 

 

Table 95: Expert 6 supermatrix of benefits node 

 

01_Acces

s_to_bette

r_teachers

02_Improve

d_Learning

_Outcomes

03_Increa

sed_prod

uctivity

01_School

_on_whee

ls

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv

05_MOOC

s

01_Access_t

o_better_teac

hers 0.0000 0.0000 0.0000 0.3333 0.1466 0.0416 0.7233 0.0416

02_Improved

_Learning_O

utcomes 0.0000 0.0000 0.0000 0.3333 0.6571 0.7785 0.0705 0.7785

03_Increased

_productivity 0.0000 0.0000 0.0000 0.3333 0.1963 0.1799 0.2062 0.1799

01_School_o

n_wheels 0.0930 0.5850 0.2213 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_p

hones 0.0225 0.0206 0.0298 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_tut

oring 0.2449 0.2496 0.6434 0.0000 0.0000 0.0000 0.0000 0.0000

04_Education

al_tv 0.0393 0.0898 0.0528 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.6003 0.0550 0.0528 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

01 Benefits Alternatives

01 Benefits

Alternatives
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Table 96: Expert 6 supermatrix of opportunities node 

 

 

Table 97: Expert 6 supermatrix of resources node 

 

 

01_Access

_to_teacher

02_Drive_

econ_devt

03_Eradicat

e_poverty

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv 05_MOOCs

01_Access_

to_teacher 0.0000 0.0000 0.0000 0.7785 0.1857 0.8182 0.7078 0.8182

02_Drive_ec

on_devt 0.0000 0.0000 0.0000 0.1799 0.7319 0.0909 0.2143 0.0909

03_Eradicat

e_poverty 0.0000 0.0000 0.0000 0.0416 0.0824 0.0909 0.0779 0.0909

01_School_

on_wheels 0.6216 0.0187 0.0483 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_

phones 0.0358 0.0484 0.0344 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_t

utoring 0.2324 0.6066 0.2270 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educatio

nal_tv 0.0222 0.0864 0.1183 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.0880 0.2399 0.5720 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

02 Opportunities Alternatives

02 

Opportunities

Alternatives

01_Afforda

bility

02_Teach

er_training

03_Access_to_

electric_power

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv

05_MOOC

s

01_Affordability 0.0000 0.0000 0.0000 0.0909 0.8182 0.1673 0.1514 0.1799

02_Teacher_tra

ining 0.0000 0.0000 0.0000 0.8182 0.0909 0.0457 0.0518 0.0416

03_Access_to_

electric_power 0.0000 0.0000 0.0000 0.0909 0.0909 0.7870 0.7968 0.7785

01_School_on_

wheels 0.0623 0.1011 0.0245 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_pho

nes 0.3616 0.0198 0.0245 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_tuto

ring 0.1148 0.2429 0.2824 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educational

_tv 0.0968 0.0401 0.1092 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.3646 0.5961 0.5595 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

03 Resources Alternatives

03 

Resources

Alternatives
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Table 98: Expert 6 supermatrix of risks node 

 

 

  

01_Teacher

_adoption

02_end_u

ser_reqt

03_Religi

on_taboo

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv 05_MOOCs

01_Teacher

_adoption 0.0000 0.0000 0.0000 0.2344 0.0553 0.1799 0.1514 0.0416

02_end_us

er_reqt 0.0000 0.0000 0.0000 0.0802 0.6380 0.7785 0.7968 0.1799

03_Religion

_taboo 0.0000 0.0000 0.0000 0.6854 0.3067 0.0416 0.0518 0.7785

01_School_

on_wheels 0.1004 0.0400 0.5615 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_

phones 0.5655 0.5805 0.2731 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_t

utoring 0.0571 0.0517 0.0218 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educati

onal_tv 0.2542 0.1310 0.1006 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.0228 0.1968 0.0430 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

04 Risks Alternatives

04 Risks

Alternatives
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Appendix H 

Supermatrices of Expert 7’s Analysis 

 

Table 99: Expert 7 supermatrix of goal node 

Node Cluster Labels 

Goal Model  

Goal 1.Benefits 2.Opportunities 3.Resources 4.Risks 

Goal Goal 0.0000 0.0000 0.0000 0.0000 0.0000 

M
o

d
e
l 

1.Benefits 0.4874 0.0000 0.0000 0.0000 0.0000 

2.Opportunities 0.1625 0.0000 0.0000 0.0000 0.0000 

3.Resources 0.2234 0.0000 0.0000 0.0000 0.0000 

4.Risks 0.1266 0.0000 0.0000 0.0000 0.0000 

 

Table 100: Expert 7 supermatrix of benefits node 

 

 

01_Access_to_

better_teachers

02_Improve

d_Learning

_Outcomes

03_Increase

d_productivity

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv 05_MOOCs

01_Access_t

o_better_tea

chers 0.0000 0.0000 0.0000 0.0909 0.0667 0.6000 0.7143 0.2211

02_Improved

_Learning_O

utcomes 0.0000 0.0000 0.0000 0.4545 0.4667 0.2000 0.1429 0.4600

03_Increase

d_productivity 0.0000 0.0000 0.0000 0.4545 0.4667 0.2000 0.1429 0.3189

01_School_o

n_wheels 0.4373 0.4372 0.5449 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_p

hones 0.1312 0.0450 0.0692 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_tu

toring 0.3683 0.3520 0.2663 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educatio

nal_tv 0.0317 0.0568 0.0321 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.0317 0.1090 0.0875 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

01 Benefits Alternatives

01 Benefits

Alternatives
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Table 101: Expert 7 supermatrix of opportunities node 

 

Table 102: Expert 7 supermatrix of resources node 

 

Table 103: Expert 7 supermatrix of risks node 

 

 

  

01_Access

_to_teacher

02_Drive_

econ_devt

03_Eradica

te_poverty

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv 05_MOOCs

01_Access_

to_teacher 0.0000 0.0000 0.0000 0.6000 0.5190 0.7143 0.6000 0.7143

02_Drive_ec

on_devt 0.0000 0.0000 0.0000 0.2000 0.3035 0.1429 0.2000 0.1429

03_Eradicat

e_poverty 0.0000 0.0000 0.0000 0.2000 0.1775 0.1429 0.2000 0.1429

01_School_

on_wheels 0.3871 0.0489 0.0681 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_

phones 0.0401 0.0930 0.0681 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_t

utoring 0.3895 0.4105 0.0681 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educatio

nal_tv 0.0466 0.1209 0.5355 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.1367 0.3268 0.2602 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

02 Opportunities Alternatives

02 

Opportunities

Alternatives

01_Afforda

bility

02_Teach

er_training

03_Access_

to_electric_

power

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv 05_MOOCs

01_Affordability 0.0000 0.0000 0.0000 0.1140 0.1429 0.2808 0.1350 0.2000

02_Teacher_tr

aining 0.0000 0.0000 0.0000 0.4806 0.7143 0.5842 0.2808 0.6000

03_Access_to_

electric_power 0.0000 0.0000 0.0000 0.4054 0.1429 0.1350 0.5842 0.2000

01_School_on

_wheels 0.1050 0.2905 0.2381 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_pho

nes 0.0605 0.0659 0.0476 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_tuto

ring 0.5250 0.2648 0.2381 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educational

_tv 0.1019 0.1140 0.2381 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.2076 0.2648 0.2381 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

03 Resources Alternatives

03 

Resources

Alternatives

01_Teache

r_adoption

02_end_u

ser_reqt

03_Religi

on_taboo

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv 05_MOOCs

01_Teacher_

adoption 0.0000 0.0000 0.0000 0.7143 0.6586 0.7143 0.6000 0.6000

02_end_user

_reqt 0.0000 0.0000 0.0000 0.1429 0.1562 0.1429 0.2000 0.2000

03_Religion_

taboo 0.0000 0.0000 0.0000 0.1429 0.1852 0.1429 0.2000 0.2000

01_School_o

n_wheels 0.0830 0.1583 0.2000 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_p

hones 0.1657 0.2012 0.2000 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_tu

toring 0.0830 0.1384 0.2000 0.0000 0.0000 0.0000 0.0000 0.0000

04_Education

al_tv 0.2601 0.1722 0.2000 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.4082 0.3299 0.2000 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

04 Risks Alternatives

04 Risks

Alternatives
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Appendix I  

Supermatrices of Expert 8’s Analysis 

 

Table 104: Expert 8 supermatrix of goal node 

Node Cluster Labels 

Goal Model  

Goal 1.Benefits 2.Opportunities 3.Costs 4.Risks 

Goal Goal 0.0000 0.0000 0.0000 0.0000 0.0000 

M
o

d
e
l 

1.Benefits 0.4145 0.0000 0.0000 0.0000 0.0000 

2.Opportunities 0.2492 0.0000 0.0000 0.0000 0.0000 

3.Costs 0.2958 0.0000 0.0000 0.0000 0.0000 

4.Risks 0.0404 0.0000 0.0000 0.0000 0.0000 

 

Table 105: Expert 8 supermatrix of benefits node 

 

 

01_Access_to_

better_teachers

02_Improve

d_Learning

_Outcomes

03_Increa

sed_prod

uctivity

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv 05_MOOCs

01_Access

_to_better_t

eachers 0.0000 0.0000 0.0000 0.4545 0.6586 0.6941 0.6370 0.2790

02_Improve

d_Learning

_Outcomes 0.0000 0.0000 0.0000 0.4545 0.1852 0.1744 0.1047 0.0719

03_Increas

ed_producti

vity 0.0000 0.0000 0.0000 0.0909 0.1562 0.1315 0.2583 0.6491

01_School_

on_wheels 0.3378 0.2786 0.3708 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_

phones 0.0441 0.0877 0.1121 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_t

utoring 0.4154 0.4872 0.3461 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educati

onal_tv 0.0478 0.0375 0.0492 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.1550 0.1090 0.1218 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

01 Benefits Alternatives

01 Benefits

Alternatives



206 

 

Table 106: Expert 8 supermatrix of opportunities node 

 

 

Table 107: Expert 8 supermatrix of resources node 

 

 

01_Access_

to_teacher

02_Drive_

econ_devt

03_Eradica

te_poverty

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv 05_MOOCs

01_Access_

to_teacher 0.0000 0.0000 0.0000 0.7143 0.5666 0.6370 0.7143 0.7471

02_Drive_ec

on_devt 0.0000 0.0000 0.0000 0.1429 0.3230 0.2583 0.1429 0.1336

03_Eradicat

e_poverty 0.0000 0.0000 0.0000 0.1429 0.1104 0.1047 0.1429 0.1194

01_School_

on_wheels 0.4753 0.0540 0.0704 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_

phones 0.0782 0.5228 0.4553 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_t

utoring 0.1631 0.0540 0.0704 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educatio

nal_tv 0.1204 0.1385 0.2478 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.1631 0.2308 0.1561 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

02 Opportunities Alternatives

02 

Opportunities

Alternatives

01_Afforda

bility

02_Teach

er_training

03_Acces

s_to_elect

ric_power

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv 05_MOOCs

01_Affordability 0.0000 0.0000 0.0000 0.6586 0.1350 0.6506 0.2000 0.3035
02_Teacher_tr

aining 0.0000 0.0000 0.0000 0.1562 0.5842 0.1268 0.2000 0.1775

03_Access_to_

electric_power 0.0000 0.0000 0.0000 0.1852 0.2808 0.2225 0.6000 0.5190

01_School_on

_wheels 0.5140 0.5615 0.0435 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_pho

nes 0.0529 0.0500 0.0435 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_tuto

ring 0.2580 0.2242 0.3043 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educationa

l_tv 0.0529 0.0500 0.3043 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.1223 0.1143 0.3043 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

03 Resources Alternatives

03 

Resources

Alternatives
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Table 108: Expert 8 supermatrix of risks node 

 

 

  

01_Teache

r_adoption

02_end_u

ser_reqt

03_Religi

on_taboo

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv 05_MOOCs

01_Teacher_

adoption 0.0000 0.0000 0.0000 0.7147 0.1047 0.5666 0.5842 0.7007

02_end_user

_reqt 0.0000 0.0000 0.0000 0.0668 0.2583 0.1104 0.1350 0.0972

03_Religion_

taboo 0.0000 0.0000 0.0000 0.2185 0.6370 0.3230 0.2808 0.2021

01_School_o

n_wheels 0.1501 0.2000 0.2301 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_p

hones 0.0365 0.2000 0.0925 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_tu

toring 0.1216 0.2000 0.2776 0.0000 0.0000 0.0000 0.0000 0.0000

04_Education

al_tv 0.5092 0.2000 0.1223 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.1827 0.2000 0.2776 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

04 Risks Alternatives

04 Risks

Alternatives
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Appendix J  

Supermatrices of Group Analysis 

 

Table 109: Group supermatrix of goal node 

Node Cluster Labels 

Goal Model 

Goal 1.Benefits 2.Opportunities 3. Resources 4.Risks 

Goal Goal 0.0000 0.0000 0.0000 0.0000 0.0000 

M
o

d
e
l 

1.Benefits 0.3382 0.0000 0.0000 0.0000 0.0000 

2.Opportunities 0.3862 0.0000 0.0000 0.0000 0.0000 

3.Resources 0.1491 0.0000 0.0000 0.0000 0.0000 

4.Risks 0.1265 0.0000 0.0000 0.0000 0.0000 

 

Table 110: Group supermatrix of benefits node 

 

 

01_Access_to_

better_teachers

02_Improve

d_Learning

_Outcomes

03_Increa

sed_prod

uctivity

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv 05_MOOCs

01_Access_t

o_better_tea

chers 0.0000 0.0000 0.0000 0.2182 0.3060 0.4176 0.5375 0.3678

02_Improved

_Learning_O

utcomes 0.0000 0.0000 0.0000 0.5394 0.3897 0.3870 0.2492 0.3314

03_Increase

d_productivity 0.0000 0.0000 0.0000 0.2424 0.3043 0.1954 0.2132 0.3008

01_School_o

n_wheels 0.2693 0.3948 0.3036 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_p

hones 0.2407 0.2158 0.2242 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_tu

toring 0.2861 0.2250 0.2533 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educatio

nal_tv 0.0833 0.0708 0.1015 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.1207 0.0935 0.1174 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

01 Benefits Alternatives

01 Benefits

Alternatives
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Table 111: Group supermatrix of opportunities node 

 

Table 112: Group supermatrix of resources node 

 

 

Table 113: Group supermatrix of risks node 

  

01_Access_

to_teacher

02_Drive_

econ_devt

03_Eradica

te_poverty

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv 05_MOOCs

01_Access_

to_teacher 0.0000 0.0000 0.0000 0.6471 0.4976 0.6769 0.6420 0.6792

02_Drive_ec

on_devt 0.0000 0.0000 0.0000 0.2095 0.3640 0.1806 0.1963 0.1776

03_Eradicat

e_poverty 0.0000 0.0000 0.0000 0.1434 0.1384 0.1425 0.1617 0.1433

01_School_

on_wheels 0.2861 0.2473 0.2199 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_

phones 0.2132 0.1922 0.2200 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_t

utoring 0.2880 0.1913 0.2101 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educatio

nal_tv 0.0692 0.1931 0.1803 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.1435 0.1760 0.1697 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

02 Opportunities Alternatives

02 

Opportunities

Alternatives

01_Afforda

bility

02_Teach

er_training

03_Access

_to_electric

_power

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv 05_MOOCs

01_Affordability 0.0000 0.0000 0.0000 0.4231 0.3710 0.3832 0.4700 0.2945

02_Teacher_tr

aining 0.0000 0.0000 0.0000 0.4082 0.3578 0.2893 0.3988 0.3596

03_Access_to_

electric_power 0.0000 0.0000 0.0000 0.1687 0.2712 0.3275 0.1312 0.3458

01_School_on

_wheels 0.1904 0.2803 0.3251 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_pho

nes 0.2593 0.2244 0.3749 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_tuto

ring 0.2520 0.2120 0.0979 0.0000 0.0000 0.0000 0.0000 0.0000

04_Educational

_tv 0.1648 0.1509 0.1002 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.1335 0.1325 0.1019 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

03 Resources Alternatives

03 

Resources

Alternatives

01_Teache

r_adoption

02_end_u

ser_reqt

03_Religi

on_taboo

01_School_

on_wheels

02_Mobile

_phones

03_Online

_tutoring

04_Educat

ional_tv 05_MOOCs

01_Teacher_

adoption 0.0000 0.0000 0.0000 0.3845 0.4854 0.4068 0.2799 0.2672

02_end_user

_reqt 0.0000 0.0000 0.0000 0.3007 0.3276 0.3204 0.3657 0.4196

03_Religion_

taboo 0.0000 0.0000 0.0000 0.3148 0.1870 0.2729 0.3545 0.3132

01_School_o

n_wheels 0.2208 0.0946 0.2036 0.0000 0.0000 0.0000 0.0000 0.0000

02_Mobile_p

hones 0.2202 0.1896 0.2134 0.0000 0.0000 0.0000 0.0000 0.0000

03_Online_tu

toring 0.2539 0.0896 0.2693 0.0000 0.0000 0.0000 0.0000 0.0000

04_Education

al_tv 0.1265 0.3190 0.1310 0.0000 0.0000 0.0000 0.0000 0.0000

05_MOOCs 0.1786 0.3071 0.1826 0.0000 0.0000 0.0000 0.0000 0.0000

Node Cluster Labels

04 Risks Alternatives

04 Risks

Alternatives
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