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Opportunities, constraints and challenges to 
the introduction of ICT services for sustainable 
agricultural development in West Bengal, India 

Abstract 
The application of information and communication technology (ICT) in socioeconomic 
development often referred to as “ICT for development” (ICT4D) is an increasingly relevant 
concern both academically as well as within development organisations on all levels.   
This master thesis project has explored opportunities, constraints and challenges to designing 
and implementing mobile phone based ICT services for an organisation working with 
sustainable agricultural development in West Bengal, India. 
Through a participatory design process with smallholding farmers a simple, low-cost platform 
for prototyping and implementing mobile phone based ICT services using interactive voice 
response as interaction modality was developed. It was found that even inexperienced and 
illiterate users were able to understand and make use of such services with minimal training. 
On the basis of services deployed on this platform, context specific constraints and 
opportunities were identified as well as the appropriateness of the ICT design evaluated.  
Finally, use of participation was critically reviewed and found to be a necessary element of 
ICT design in this context yet requiring a high level of reflexivity and contextual 
understanding from the researcher or designer in order to contribute to development goals. 

Möjligheter, begräsningar och utmaningar för 
introduktionen av ICT-tjänster för hållbar 
jordbruksutveckling i Västbengalen, Indien 

Sammanfattning 
Användning av informations och kommunikationsteknologi (ICT) för socioekonomisk 
utveckling ofta kallat ”ICT for development” (ICT4D) är i allt högre grad en relevant fråga 
både akademiskt och inom utvecklingsorganisationer på alla nivåer. 
Detta exjobb utforskade möjligheter, begränsningar och utmaningar för introduktionen av 
mobilbaserade ICT-tjänster åt en organisation som arbetar med hållbar jordbruksutveckling i 
Västbengalen i Indien. 
Genom en deltagande designprocess med småskaliga bönder så utvecklades en enkel, billig 
plattform för att skapa prototyper och implementera mobiltjänster som använder sig av 
”Interactive Voice Response” som interaktionsmodalitet. Även personer med begränsad 
erfarenhet av ICT samt begränsad läs- och skrivkunnighet kunde förstå och använda tjänster 
utvecklade på plattformen med minimal träning. Med grund i tjänster utvecklade på denna 
plattform så utvärderades lämpligheten för ICT i den lokala kontexten och flera kontext-
specifika begränsningar och utmaningar identifierades. 
Slutligen så utvärderades ”deltagande” i design processen metodologiskt och fanns vara ett 
nödvändigt element av ICT-design i denna kontext samtidigt som det kräver en hög grad av 
reflexivitet och kontext-specifik förståelse från forskaren eller designern för att kunna bidra 
till utvecklingsmål. 
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1 Introduction 
The application of information technology for socioeconomic development has for the past 25 
years been a rapidly expanding field of both practice and research. Despite facing difficulties 
in living up to the vision documents of international development agencies the field has 
contributed to both increasing efficacy of traditional development efforts as well as creating 
entirely new opportunities for poverty reduction, healthcare provision, livelihoods, corruption 
control and increased societal transparency. Information technology has through these efforts 
reached out and provided benefits to not just urban but also rural populations across the many 
low and medium income countries making up what is often referred to as the “Global South” 
and which are the targets for most development efforts.    
“[M]ake available the benefits of new technologies—especially information and 
communications technologies” was one of the goals set out in the United Nations Millennium 
Development Goals in early 2000s (United Nations 2001) as an aspiration for the year 2015, 
and while Internet use has doubled in developing regions, there is still a considerable “digital 
divide” – especially when it comes to access to relevant and suitable local content for rural 
populations (World Economic Forum 2015).  
In India, one of the most pressing development concerns relates to the immense challenges 
faced by agriculture as a result of climate change, challenging economic conditions and 
population growth (Pimbert et al. 2005; Pimbert 2008; Shiva 2004; Pingali 2012). This has 
been termed an acute, persistent and ongoing crisis in the Indian agricultural system (Reddy 
& Mishra 2009; Mishra & Reddy 2011) – a system that provides for the livelihood of over 
70% of the 800 million people living in rural India (The World Bank 2013). One response to 
these challenges has been an increasing focus on ecologically sustainable agricultural practice 
or “agroecology” (Altieri & Nicholls 2012; Holt-Giménez & Altieri 2012; Schutter 2010). 
Transition to sustainable agroecological systems rests on the ability to disseminate knowledge 
from and between many stakeholders, both formal ones such as academic institutions, 
government agencies, non-profit organisations as well as more informal networks such as 
farmers clubs, village communities and women’s groups (Röling & Fliert 1994). Many 
choices farmers need to make require access to data and advice that can currently, if at all, 
only be provided at irregular intervals by agricultural extension officers or through contact 
with other farmers. This lack of access to information is a result of the gap between available 
human resources from non-profits and other agencies, the amount of information they are able 
to provide and the information needs farmers have (Ajani & Agwu 2012; Raj 2013; Gakuru et 
al. 2009; Feder et al. 2001).  
Information and communication technology (ICT) can become an important tool to bridge 
this gap (Sylvester 2013). However, in order for it to fully support sustainable agricultural 
development along the lines of what the proponents of agroecology suggest there is need for 
both content, technology and design methodologies used in ICT interventions to be situated in 
and built with the local context in mind (Avgerou 2008).  
As part of a response to this need, this master degree project is based on the practical design 
and application of ICT services for promotion of sustainable agricultural practice in the state 
of West Bengal in India. The goal has been to introduce methodologies and designs for ICT 
situated in the context of challenges faced in adapting to new practices and agricultural 
conditions by farmers as well as the organisations supporting them.  Through a participatory 
design process this project has explored appropriate ICT design in this context as well as the 
potential opportunities for and constraints facing the introduction of ICT. In doing so, both 
“participation” as a methodology and the link between “sustainability” and the 
implementation of ICTs have been critically reviewed. 
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2 Background: ICT in and for 
development 

In this section the general background and development of ICT in the field of development is 
reviewed and discussed, making specific links between participatory practice in development 
work and in human computer interaction as well as software development. The term 
“development” is used to describe interventions and efforts to improve the socioeconomic 
and in some cases ecological situation for an intended – often underprivileged or poor – 
group of target beneficiaries.  
The application of information technology to and for development and the term ICT4D, 
evolved in the mid 1990s in connection with the large-scale emergence of the Internet as well 
as the rapid price reduction of personal computers (Heeks 2008). Initially, the main focus was 
bridging the so-called “Digital Divide” - the difference in access to digital technology and the 
Internet between “developed” and “developing” world (Department for International 
Development 2000). Focusing on metrics such as the number of computers or Internet 
connections per capita, emphasis was put on the infrastructure of information and 
communication technology - computers, telecommunications and electricity access (Fors & 
Moreno 2002). Interventions such as shared telecentres were a common result of this focus, as 
described by Heeks (2008, p 27): “... the telecenter provided the archetype for this period, 
stretching from the mid-1990s forward a full decade. Sadly, these efforts often resulted in 
failure, restriction and anecdote”.  
The reasons for such failures were several, with issues of sustainability caused by 
inaccessibility of continuous maintenance or investment in operational costs, issues of 
scalability related to the limited reach of telecentres and lack of structured outcome evaluation 
meaning that often anecdotal output of the projects resulted in hype and limited realistic 
impact assessment (Heeks 2008). 
In response, products and services specifically designed for the context of the Global South 
emerged, with a famous example being the One Laptop Per Child project (Negroponte et al. 
2006). However, these types of interventions in turn faced difficulties due to their technology 
centric approach and lack of detailed contextualised knowledge and adaptation (Heeks 2008; 
Kraemer et al. 2009). 
Even though there are documented successful case studies (Gakuru et al. 2009; Kumar & 
Svensson 2012; Qiang et al. 2011), we still have a paucity of examples of either large-scale - 
or even long-term sustainable small-scale - ICT services achieving the development outcomes 
they set out to (Dodson et al. 2012).  

2.1.1 The expansion of mobile technology 
In the latter part of the first decade of the new millennium increased access to mobile 
technology created a new platform as well as new opportunities for providing access to ICT 
services to large groups of people who had previously had none (Qiang et al. 2011). 
Reductions in cost of both devices (mobile handsets) as well as for services (voice minutes, 
SMS, mobile data) has meant that even in the most remote rural areas practically every 
household has a mobile phone and access to a means of technology enabled communication. 
What became termed a process of “leapfrogging” from no ICT services to fully wireless and 
ubiquitous access to the Internet led to suggestions that “mobile applications not only 
empower individual users they enrich their lifestyle and livelihoods, and boost the economy 
as a whole” (The World Bank 2012, p.3) or that they can underpin “improvements in social 
links, the creation of social capital, improved market information flows and productivity, as 
well as increases in GDP and Foreign Direct Investment” (Dodson et al. 2012, p.20).  
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Regardless of whether the suggested social and economic transformations have followed from 
the accessibility of mobile technology, it cannot be denied that the more than 6 billion active 
mobile subscriptions provide new opportunities for both research and development 
practitioners.  

2.1.2 Human computer interaction for development  
However, the “ICT for development” interventions described above faced “surprisingly 
familiar” challenges to those commonly encountered in the field of human computer 
interaction – “inappropriate interfaces, mismatches between system and local community 
practices, and lack of locally relevant content” (Chetty & R. Grinter 2007, p.2328). 
Research in the field of ICT4D is therefore increasingly turning to methods from human-
computer interaction (HCI) such as action research, user centred design, and participatory 
design (Dearden 2008; Heeks 2008). These share an intellectual legacy with, but have also 
much to learn from the field of development where participatory and ethnographic methods 
have long been practised (Chetty & R. E. Grinter 2007; Dearden 2008).  
With this introduction of methodologies from HCI into ICT4D came also the recognition that 
HCI literature and methodologies are “a social product of the Global North” (Chetty & R. 
Grinter 2007, p.1) and therefore require reassessment and reinterpretation in the context of the 
Global South (ibid). 
Thus, there is an ongoing challenge to develop practices for and understanding of what work 
in HCI is to look like when applied to the context of social and economic development as well 
as in combination with anthropology, ethnography and development studies (Abdelnour-
Nocera et al. 2013; Heeks 2008). An important result of work in this area for ICT4D is the 
critique and further development of software development processes (Dearden & Rizvi 2008; 
Doerflinger & Dearden 2013) as well as HCI practices, situating them specifically within a 
developing world context (Winschiers-Theophilus & Bidwell 2013; Irani 2010; Chetty & R. 
E. Grinter 2007; Irani et al. 2010).  
One way in which this development has been characterised is as a shift from so-called ICTD 
1.0 to ICTD 2.0: “Where ICT4D 1.0 marginalized [the poor], allowing a supply-driven focus, 
ICT4D 2.0 centralizes them, creating a demand-driven focus” (Heeks 2008, p.33). While this 
shift may not yet have fully come to play in ICT4D and “HCI4D” work (Dodson et al. 2012) 
it is clear that participatory, user-driven approaches focusing on design and development 
processes that respectfully and responsibly emphasise the end user’s needs are required for 
ICT4D to achieve its goals of development impact. This mirrors in many ways changes in the 
broader field of development.  

2.1.3 Participatory design and development 
In the last few decades the development sector as a whole has seen an increasing focus on 
participatory methods of development, where the needs and demands as well as the active 
participation of the beneficiary are deemed important to long-term sustainable and locally 
relevant development efforts. As mentioned previously, the emergence of the field of HCI4D 
has introduced a similar focus in ICT4D practice (Dearden 2008).  
Application of participatory development as well as participatory design is based on the idea 
that they enable interventions to more closely match real needs of target beneficiaries. It is 
suggested that they result in improved outcomes by building capacities in the local 
community as well as ownership of processes, artefacts and outcomes of introduced 
interventions (Dearden 2008).  In information technology this in practice means that 
participatory approaches are intended to bring improved acceptance and usage of technology 
as well as improved designs grounded in the actual constraints and needs of the users.  
Beyond being a practical means to better technology design, participation must also be 
considered a political process (Kensing & Blomberg 1998). The questions of democracy and 
inclusion raised by the original proponents of participatory design (Björgvinsson et al. 2010; 
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Ehn 2008; Ehn 1988) seems equally – if not more – pertinent in the contexts ICT4D and 
HCI4D practitioners have found themselves (Walsham 2013). As with participatory 
development, a stated goal in this reading of participatory design is the empowerment of the 
users (Ehn 2008) something which was explicitly included in the idea of what would 
constitute ICT4D 2.0 (Heeks 2008).  
Despite holding the promise of providing better technology design and adoption, as well as 
being a means of achieving political goals, participation has also faced serious critique 
(Kothari & Cooke 2001). Thus any application of participatory methodology first requires an 
active inquiry into what participation actually means as well as on-going reflexivity on the 
part of the researcher (Ho et al. 2009).  
A first step in such an inquiry comes through identifying the intended as well as actual role of 
participants in the process in relation to other actors such as sponsors, designers or 
researchers. One way to classify these roles of participation (Dearden, 2008) is to distinguish 
between:  

• Contractual participation – where one primary actor (for example the researcher or 
designer) makes all decisions in the research process 

• Consultative participation – where the users or beneficiaries are consulted and 
provide information to the process at specific points but where most decisions are 
made elsewhere (such as by the researcher). 

• Collaborative participation – where there is a mutual knowledge exchange between 
different actors 

• Collegial participation – where different actors act as colleagues with decision 
making power and responsibility distributed more or less equally 

Beyond the level or form participation takes, another line of inquiry that has been identified 
as important is a constant evaluation of who forms “the participants” (Kothari & Cooke 
2001). This includes understanding how various forms of power operate to include and 
exclude various groups in the design process, as well as an awareness of whose voices are 
heard and listened to and whose are not. It also includes understanding limitations on time, 
effort or ability to participate in the design process by different groups and creating a design 
process so as to work within their constraints in order to include them. The choice of partners, 
focus groups and participants needs to be considered on the basis of the power relations it 
may embed or strengthen.  
Finally, adopting participatory approaches in both development as well as design entails a re-
evaluation of what is considered valid and important knowledge. The idea underlying 
participatory methods is that they engage with tacit knowledge available with beneficiaries or 
users (Spinuzzi 2005). Participatory methodologies as a political and democratic process 
requires the increased valuation of knowledge possessed by the end user to that of equal – or 
greater – status as that of experts. This also includes a specific contextualisation, whereby the 
understanding and the results gained through a participatory design process is intimately 
linked - socially embedded - within the context where it was produced (Avgerou 2008). 
However, this contextuality or embeddedness of knowledge produced in participatory 
processes also means that it inevitably will be influenced or shaped by factors such as power 
relations (Kothari & Cooke 2001). 
Even with these critical issues in mind, the shared intellectual foundation as well as many 
parallels between participatory design and development (Dearden, 2008) in combination with 
increased recognition and application of participatory methods among development 
practitioners, means that participatory approaches lend themselves well to designing ICT 
interventions for development.  

2.1.4 Iterative & Agile software development 
Within the software development field, it is currently common practice to apply iterative 
development of ICT artefacts; continuously delivering increasingly functional versions of the 
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final product in order to collaboratively discover both the problem domain as well as the 
needs and requirements of the users. This has been called “Agile” software development 
practices and - with certain modifications – fits well with the practice of participatory design 
in an ICT4D context (Dearden & Rizvi 2008; Doerflinger & Dearden 2013). The realisation 
that underpins the emergence of “Agile software development” – for example that 
requirements are not fixed or unknowable in advance requiring continuous response to change 
(“Principles behind the Agile Manifesto,” 2001) – are equally, if not more, relevant to the 
development of applications in ICT4D. Incorporating the ideas of Agile software 
development such as emergent system design focusing on delivering working software with a 
high degree of collaboration (ibid) can – again, with suitable modifications (Dearden & Rizvi 
2008; Doerflinger & Dearden 2013) - serve as a valuable grounding also in a “4D” context. 

2.1.5 Technology choice: Appropriate Technology & Affordability 
As mentioned previously, many early ICT interventions failed due to both a technocentric 
perspective, but also due to a lack of knowledge of and adaptation to the local context. In the 
previous discussion the importance of methodology, design and development process was 
emphasised, but the question of what guides the choice of technology remains. As the 
beneficiary or end-user rarely possesses knowledge of how to apply ICT, nor access to 
sufficient information about options available, this becomes an area where the designer or 
developer of any ICT4D intervention needs to provide considerable input, even when 
applying a participatory methodology.  
Technology choice in this context requires considering a multitude of variables that might not 
appear in ICT design & development in other contexts.  Beyond functionality, cost, design 
and usability, the impact of technology choice on factors such as relationships between 
different actors in the development and implementation process, long-term capacities and 
capabilities to maintain and work with the technology as well as financing arrangements 
which are suitable for the current context need to be taken into account. It has been suggested 
that an emphasis on low-cost or affordable technology is a key requirement in order to enable 
the development of sustainable ICT interventions (Ho et al. 2009). Furthermore, introduction 
of new technology also entails considering not only new behaviours and possibilities it creates 
but also what current structures it might supplant and local economic and social implications 
of doing so.  
To guide this choice, the idea of “appropriate technology” can be applied (Betz et al. 1984). 
Appropriate technology choice is a socioeconomic approach where technology choice should 
be guided by the aim of providing a platform for socioeconomic development of the 
community within which it is applied.   
This can be defined as technology choice which is made both with the help of a participatory 
process but which also takes in consideration “cultural, environmental, organisational, 
economic and political conditions” at the site where the technology is intended to be used 
(Reijswoud 2009). It can also be seen as technology which rather than (as has mostly been the 
case in the Global North) seeking to supplant resources such as untrained labour (which is 
often abundant in the Global South) instead seeks to build capacity and develop skills 
(Akubue 2000).  In summary: 

 “appropriate technology [can be] equated with providing technical solutions that 
are appropriate to the economic structure of those influenced: to their ability to 
finance the activity, to their ability to operate and maintain the facility, to the 
environmental conditions involved, and to the management capabilities of the 
population”  
 
(Betz et al. 1984). 
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2.1.6 ICT4D in Indian Agriculture 
Being a country of considerable ICT talent as well as abundant developmental challenges, 
there have naturally been plenty of ICT4D interventions undertaken in India. Work has been 
conducted showing both potential and challenges (Gandhi & Veeraraghavan 2007; Patel et al. 
2010) for ICT interventions for development purposes, as well as engaging with the HCI 
practices involved in creating them (Dearden & Rizvi 2009; Dearden & Rizvi 2008; Patel et 
al. 2010).  
Services have been implemented using modalities and technologies such as call centres 
(Goswami et al. 2010), voice based dial-in interfaces (Patel et al. 2011), video (Gandhi & 
Veeraraghavan 2007) and text messages (SMS) (One World Foundation India 2012).  
In the domain of agriculture, interventions have focused on farmer advisory, problem solving 
as well as general information provision (Patel & Agarwal 2008; Patel et al. 2010; Gakuru et 
al. 2009). Research conducted on the basis of these services has shown that information with 
regards to seed, pesticides and fertiliser were the most prominent requirement by farmers 
using them (Das et al. 2012). West Bengal, where this project took place, has presently seen 
limited implementation of ICT services for rural development, but has had active call-centre 
services for farmers (The World Bank 2012; Goswami et al. 2010). 
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3 Project overview 
Here the main focus of the project – the design and implementation of an information system 
service for low-income farmers in West Bengal – is presented along with its general context 
as well as research questions aimed to be answered through the project. 
This project uses the creation of an ICT intervention for 
promotion of sustainable agriculture in West Bengal in Eastern 
India (Figure 1) to explore potential for as well as constraints to 
ICT4D in a specific socioeconomic and organisational context. 
The motivation for the project came from initial discussions 
between the researcher and an organisation established for 
promotion of sustainable agriculture in the region. The initial 
stated goals were to explore improved ways to support farmers’ 
groups using low-cost, appropriate ICT within the institutional 
context of the organisation and its member groups. The project 
was embedded and specifically explored technology applications 
in a particular socioeconomic and organisational context through 
a participatory, action research oriented approach. As mentioned 
previously, participatory methods as well as appropriate 
technology as a framework emphasises that both work conducted as well as artefacts 
produced are a product of the context within which they were created thereby having a strong 
social embeddedness (Avgerou 2008). As such, part of the novelty of this project is the 
exploration of these practices and tools within a new socioeconomic, organisational and 
environmental context where as yet little work on ICT has been done. Further, the project also 
aimed to develop and test a reusable platform that could be implemented using simple, low-
cost and locally available materials. This platform intended to build upon but simplify and 
reduce the cost of previous projects that had been developed with similar goals (Vashistha & 
Thies 2012; Patel et al. 2011; Patel et al. 2010; Mudliar et al. 2013). 
From the perspective of the interaction modality, the project built on and in part repeat the 
work done on interactive voice based systems elsewhere (ibid); bringing it both to a new 
geographical and developmental context but also to further the understanding of its practical 
applicability. Beyond contributing to applications that could be used and developed further in 
the future by the organisation, the work with the system intended to also contribute to 
understanding constraints and opportunities of ICT from a technical perspective as well as 
ICT design from a methodological perspective. An important part of this lies in questioning 
whether and if so what implications for the design the organisation’s explicit focus on 
sustainability had. In the next few sections the broad context of the project and an 
interpretation of what relevance it has to the design is discussed. 

3.1 Geographical, socioeconomic and 
agricultural context 

India is divided into states, divisions, districts and in rural areas blocks. Blocks comprise of 
multiple villages or village clusters.  The project took place in two separate districts in West 
Bengal – Purulia and South 24 Parganas (Figure 2, p 8). The rural areas of both these districts 
are primarily inhabited by low-income and subsistence farmers and in both areas these 
farmers are facing increasing challenges to their food security as well as livelihoods as a 
result of anthropogenic climate change (Government of West Bengal 2010).  
 
 

 
 
 
 
 
 
 
 
 

Figure 1 West Bengal  
(PlaneMad/Wikimedia 2008) 
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South 24 Parganas lies directly South of the metropolitan city Kolkata bounded in the South 
by the Sundarbans river delta. It is divided into 29 blocks with 13 of them being part of the 
river delta area. The population was enumerated at little over 8 million in the 2011 census out 
of which about 40% live in regions that are part of the delta. Rain-fed rice cropping as well as 
fishing forms the basis for livelihood in the region, with over 90% of the population 
dependent on various forms of agriculture (West Bengal Department of Planning 2010).  The 
area faces critical challenges as result of climate change – from rising sea levels, changing 
rainfall patterns, cyclones as well as land erosion and salinity (Centre for Science and 
Environment 2012). The project area consisted of several villages within one block in the 
southernmost parts of the Sundarban delta area. 
Purulia lies in the western part of the state of West Bengal, bordering neighbouring 
Jharkhand, and has a population of 2.9 million (2011 census).  Farming in the region is almost 
exclusively rain-fed, due to the lack of access to water for irrigation, and combines one annual 
rice crop as well as additional minor crops such as vegetables and oilseeds (primarily 
mustard). The region faces severe climate stress from regular droughts during summer as well 
as soil quality reduction due to excessive deforestation (Government of West Bengal 2010). 
Around 20% of the population come from officially recognised “Scheduled Tribes”, with the 
biggest tribal group being the Santhals. “Scheduled Tribes” are recognised by the constitution 
of India as socioeconomically disadvantaged groups from the indigenous population. Despite 
having been increasingly integrated into mainstream society, compared to the majority 
population they have unique cultural and religious practices and often live in remote or 
isolated areas (Ministry of Tribal Affairs 2015). The project work took place in the Adra 
block, within a primarily Santhal area.  
Low literacy was prior to the project start identified as an important constraint for ICT in the 
target areas. As can be seen from Table 1 the official literacy rate for men is between 66% 
and 77% while for women varies between 42% and 68% depending on region. Yet, there are 
reasons to believe the literacy rate among the target population was even lower. First of all 
there is no break down by age in the Census data meaning that increased literacy among 
young people might mask continuing illiteracy among older people. Secondly, variation 
between (especially urban and rural) areas within the district makes it likely that the remote 
regions included as part of this project had lower literacy than their district averages. Finally, 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 2 Project working area 
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even though the definition of literacy is stated in the Constitution of India as “can read and 
write any language” the methodology used by Census data collectors in producing the data 
below often means that somebody barely able to read or write their own name gets counted as 
literate (Kothari et al. 2004). The “official” literacy rate therefore masks lower rates of what 
can be called “functional literacy” – i.e. the ability to read or write in every day situations. 

Table 1 Literacy rates in working area  
(Census of India 2011b; Census of India 2011a) 

Location( Male( Female(

West(Bengal((state)( 77%! 68%!
Purulia((district)( 66%! 42%!
South(24(Pgns((district)( 71%! 60%!
 The agricultural, environmental and climatic conditions as well as socioeconomic situation 
and educational level of the farmers has important implications for the design process of the 
ICT intervention. First and foremost it means that any system designed need to take into 
account factors such as low literacy and poverty. Further, it becomes necessary to apply 
ethical principles as to the selection of participants as well as the time and other resources 
used as part of the intervention (see Ethical considerations, page 18). Finally, it impacts the 
short-term as well as long-term needs local farmers have and the priorities of what 
functionalities to provide. 

3.2 Agricultural sustainability in the region 
As mentioned above, the major livelihood source in both these areas is smallholding and 
subsistence agriculture. Thus, the focus of many development interventions – whether ICT-
based or not – is on improving the situation faced by these smallholding farmers.  
The official agricultural development policy from the 1970s and onwards was the “Green 
Revolution” which focused on providing improved, high-yield seeds along with fertilisers, 
irrigation and pesticides in a package of practices intended to increase productivity (Parayil 
1992). While large gains in agricultural productivity were recorded (Pingali 2012) small and 
marginal farmers either did not take up the Green Revolution practices, or found that they had 
to abandon them in the face of increasing costs of improved inputs and farming materials 
(ibid). Intensive farming and use of synthetic fertilisers contributed to reduction in soil 
fertility and hybrid seeds performed poorly when subjected to marginal environments or 
adverse climactic conditions such as droughts, soil salinity and flooding (ibid). Further, high 
yielding varieties had primarily been tested under irrigation, which is generally inaccessible to 
the marginal farmers of the project areas who are forced to rely on rainfall for their 
agriculture (ibid). 
This has in part led to many farmers abandoning their fields either permanently or for large 
parts of the year in order to migrate to urban areas to work as informal labour in construction 
or industry (Mosse et al. 2002; Hazell 2009). Permanent, seasonal as well as circular 
migration is now a common feature of both South 24 Parganas as well as Purulia.  
These issues have been further compounded by natural calamities such as the 2009 Aila 
typhoon that left many of the farmlands in the Sundarban area submerged in saline water – 
salinity which is only now beginning to recede allowing farmers to again use their fields. In 
Purulia recurrent droughts as well as insufficient or failing monsoons have even threatened 
the yield from the main cropping season.  
In light of challenges such as these the question of sustainability have become increasingly 
central to development discourse and practice in West Bengal and India. This has been further 
strengthened by the global emphasis on sustainability and sustainable development in the 
wake of the 1992 Rio Conference on Sustainable Development. Sustainable low-input 
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agriculture has been promoted as an economically and ecologically suitable alternative to the 
Green Revolution practices. Such agriculture depends on local varieties of seed, with limited 
use of synthetic inputs and an emphasis on integrated techniques for managing soil fertility 
and pests. The goal is to make farmers largely independent of external input, as well as 
support them in managing soil and crops for long-term productivity rather than short-term 
gain. As will be discussed below, the organisation that played host to the project specifically 
focused on low input and sustainable agriculture. 
Placing this project in the context of sustainable agriculture has implications for both the 
content provided as part of any service built but also as to its design. The key aims of low-
input and sustainable agriculture of farmer self-sufficiency, diversity and contextual and 
locally embedded solutions carry forward into the ICT intervention applied. It sets up 
requirements that the ICT intervention should be – to as large extent as possible – managed 
locally and provided using locally available materials, as well as designed for and adapted to 
the local context. 

3.3 Organisational context 
The organisation that hosted the project was Development Research Communication and 
Services Center (DRCSC), which is a West Bengal-based non-profit working for sustainable 
agricultural development. Its primary focus lies on the poorest sections of the population and 
its interventions centre around ensuring food and livelihood security through practices that are 
“environment friendly and restorative, economically appropriate & disaster resilient, socially 
just and developed by mutual cooperation and action research” (DRCSC 2011). The 
organisation was formed in 1982 and currently has activities in 12 districts involving more 
than 10,000 low-income farmers.  
The organisation has two offices in Kolkata and a number of field offices or project offices 
across the different districts they work in. Field offices are either directly run by DRCSC staff 
or by a local organisation that DRCSC has helped form. Funding is provided primarily by 
international agencies such as Christian Aid, European Union and German fund 
Welthungerhilfe.  
The project was based in the training and development team of the organisation, led by Tapas 
Mondal, involving the teams responsible for the two districts where the project took place. 
The leaders of those teams – Chandrani Das and Sujit Mitra - took part in project along with 
one project team member from each area (Kalka Milianus from Purulia and Koushik Hore 
from South 24 Parganas). In addition to these, local staff in each field office (Purulia/Adra 
and South 24 Parganas/Ramganga) took part in organizing and running the activities of the 
project.   
The specific goal of DRCSC to enable sustainable agricultural development for smallholder 
farmers impacted the project in many ways. First and foremost in the selection of project 
participants and target areas of work – with a specific focus on smallholders and in one area 
women’s groups. Secondly in the content added throughout the system – focusing on 
providing information on sustainable agricultural practices. Finally, this became an important 
part in the analysis and evaluation of the designed system – how does the application idea and 
design fit within the idea of development that DRCSC uses including what roles various 
actors should take in the development process.  

3.4 Objectives and research questions 
On the basis of previously discussed work conducted both in ICT4D interventions in India, 
but also in the field of participatory design practices, this project had the following primary 
objectives: 



Project overview 

 11 

1. Exploring context specific challenges and opportunities for application of ICT to 
achieve development outcomes in the form of increased adoption of sustainable 
agricultural practice in West Bengal, India.  

2. Inform and critically review participatory design practices for ICT services for 
sustainable agricultural extension – specifically what practices can be applied to 
elicit meaningful input to the design process from users with relatively low 
familiarity with ICT 

3. Pilot technological tools which can be developed and used in the future by the 
partner organisation 

The research questions that the project aims to answer through these objectives were: 

1. What are appropriate ICT interventions using mobile phones in the context of 
promoting sustainable agricultural practice in West Bengal, India? 

2. How can existing participatory design approaches be applied to the design and 
implementation of such interventions?  

3. What are the socioeconomic and sociotechnical constraints and opportunities to 
implementation of such ICT interventions? 

3.5 Limitations 
This project has chosen not to directly interrogate the concept of “development” or 
“sustainable agriculture” as proposed by the organisation but rather to adopt them as its own. 
However, this has not been done unreflexively but rather with a specific awareness that the 
organisation – and thereby the project – has such an agenda and that all activities of the 
project - including the forms of evaluation - has been conducted with the backdrop of this 
agenda.   
Further, the project has not specifically engaged with questions of gender nor differences 
between socioeconomic or social status within or between farmers’ groups, beyond the 
selection of two geographically and ethnically separate districts within which to work. Again, 
despite it not being a focus of the project there was a continuous awareness that such 
differences exist and are of importance to the outcomes and evaluation of the project result. 
Finally, the project has limited itself to look at mobile phone based ICT interventions without 
comparing them to other forms of ICT present in or applicable to the context. This limitation 
was set based on the access to resources in the local farmers’ and by the organisation. 
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4 Methodology 
In this chapter I describe the methodology used for the project, specifically reviewing the set-
up of the participatory design process – selection of project area, roles, levels of participation 
and the spaces used for design. Finally I conclude with a discussion of and reflection on the 
ethical considerations required of an intervention such as this.  
The objectives and research questions - focusing on the contextually and socially embedded 
constraints and opportunities for ICT as well as local applicability of participatory design - 
suggests that an applied action research oriented approach to the project is appropriate (Hearn 
& Foth 2005). Action research emphasises the intent to find answers to research questions as 
well as “provoke change” (ibid) – in this case introduce ICT in a new geographical and 
organisational context and provide a basic platform to encourage further understanding and 
adoption of new technology for sustainable agricultural development.  
Participation in the project was envisioned as combining three groups – the researcher, the 
organisation’s staff as well as the farmers’ groups. Even though certain limitations in terms of 
the level of participation at different stages of the project has been identified, the general aim 
was to encourage as great deal of participation from as many stakeholders as possible at as 
many stages of the project as feasible. Below follows a discussion on the general framework 
of the design and research process and then an overview of the practical activities undertaken, 
concluding with a note about the ethical considerations taken in the execution of the project.      

4.1 The design & research process 
Taking an action research based approach (Hayes 2011), this project was thought of as two 
parallel streams of implementation and research (Mckay & Marshall 2001), where each 
version of the design had a specific set of research questions or themes it intended to answer, 
while at the same time having the goal of providing some (albeit limited) value to the users 
and the organisation and working to solve some real world problem. These dual cycles are 
illustrated in Figure 3 using the terminology real-world problem (P, theoretical framework 
(F), research method (MR) and problem solving method (MPS). In our case the real-world 
problem is dissemination of sustainable agriculture, the research method action research, the 
problem solving method participatory design and the basic theoretical framework that 
research and design for ICT interventions in development contexts are social embedded and 
contextually dependent and should be evaluated on their appropriateness. 

Figure 3 The dual cycles of action research 
(Mckay & Marshall 2001, p.57) 
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When working in the intersection between development and ICT design – especially as a 
researcher from the Global North – it can be argued that a participatory approach to both 
delineating the research topic as well as executing design and implementation activities is not 
just a methodological choice but also a necessity. Accessing knowledge of the local context as 
well as gathering needs, requirements, feedback and making appropriate design decisions all 
require the involvement (and ideally active participation) of the end users.   
The participatory action research based approach resulted in a specific configuration of both 
the roles within the project as well as the spaces within which design activities took place. 
Below this configuration is described in detail. 

4.1.1 Project area 
Two project areas in two agroclimatically as well as socioeconomically different zones of 
West Bengal were selected by the partner organisation in consultation with the researcher. 
The choice of these two, very different, regions was motivated by an interest in contrasting 
outcomes comparing constraints and opportunities between the two zones.  
Four villages all located within one block in each district were selected for participation in the 
design activities. The aim was to have a mix between farmers who had been organised in 
farmers’ groups in collaboration with the partner for a longer time and those who had just 
recently joined thereby reflecting differences in their knowledge of and experience with 
sustainable agricultural practice.  Villages selected were: 

• Patherpratima block, South 24 Parganas district 
o Biswanathapur 
o Indroprastho 
o Sagar Mandarpur 
o Ramganga 

• Adra block, Purulia district 
o Ledabona 
o Notundi 
o Bhimdi 
o Bartard 

Each village had between 15 and 30 families organised in farmers’ groups affiliated with the 
local field office. In some cases the groups had been in existence for 8 to 10 years whereas in 
others they were more recently formed between 1 and 3 years ago. 
In Purulia the groups were exclusively male whereas in Patherpratima there was a 
predominance of women farmers’ groups. No specific discussion of the gendered mix had 
been conducted prior to the selection of villages; rather the aim was to have a representative 
sample from the groups the local field office worked with. In Patherpratima it was estimated 
that participation in the project activitiy was 70% female.  

4.1.2 Roles in the project 
The project involved multiple groups and individuals taking varying roles providing input, 
logistical support as well as taking part in decision making: 

• Researcher (Linus Kendall): Providing technical input, design and implementation, 
posing research questions as well as documenting outcomes. 

• Training team coordinator (Tapas Mondal): Providing overall organisational 
supervision, expert guidance on the agricultural and social context as well as 
supporting content creation. 

• Local area coordinators (Purulia – Sujit Mitra, Patherpratima – Chandrani Das): 
Facilitating the connections to the local teams as well as providing region specific 
input. 
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• Local field intermediaries (Purulia – Kalka Milianus, Patherpratima – Koushik Hore): 
Supporting local interactions in the field, acting as interpreters and facilitators for 
activities conducted in the field. 

• Local field office: Multiple members from each local field office took part in the 
design activities as well as helping to facilitate interactions with the farmers’ groups. 

• Farmers’ groups: All design activities were conducted with individual members from 
the local farmers’ groups; in some cases a large part of the local farmers’ groups 
members participated in the activities. 

4.1.3 Levels of participation 
When approaching a project intended to involve participation, either in development in 
general or in the specific context of human-computer interaction, an informed idea of what 
level of participation is intended as well as feasible should be expected. This serves to both 
ground expectations from the beneficiaries and partners as well as set a standard for the 
researcher and implementer. In this project, in recognition of the limited time as well as the 
inexperience of the participants with ICT the main goal was not to enable full collaborative or 
collegial participation (as outlined in “Participatory design and development”, p 3), but rather 
to begin the process of building capacities for participation in ICT design activities with both 
the organisation and the farmers.  
In practice this meant that there were multiple forms of participation at different stages in the 
project: 

• Identification of implementation areas and users was done by the partner organisation 
in consultation with the researcher  

• The researcher in collaboration with the partner organisation decided on the broad 
goals of the project beforehand. 

• The technological modalities and tools used were developed by the researcher in 
consultation with the partner organisation 

• The design constraints and parameters were developed in collaboration with the 
farmer groups and then analysed and implemented by the researcher  

• Users/farmers were continuously consulted with regards to their feedback and 
impression of the system, and gradually throughout the project asked to take a greater 
role in participating in the design process  

With regards to the organisation and the potential users within the organisation staff there was 
a greater degree of participation and the goal was to ensure a level of participation in the 
design that comes as close as possible to what has been termed “collegial participation” 
above. However, in light of the limited scope and resources of the project, the aim with 
regards to the end users can at most be said to be “collaborative”. While the aim was to enable 
as much knowledge interexchange as possible between all participants in the project, most of 
the decision making with regards to the design was done by the researcher and the team of 
staff members from the organisation. 

4.1.4 Embedding & choice of spaces for design activities 
The idea of embeddedness in the context where the application is to be used incorporates also 
the physical space in which design activities take place. There are multiple reasons why it is 
beneficial (or even required) to conduct the design activities in the field. First of all, it is 
difficult to fully evaluate the way technology can be used in practice as well as the obstacles 
for its effective implementation unless it is being tested directly in the field. Secondly, as has 
been noted in other contexts (Anokwa et al. 2009) existing distance (cultural, linguistic and 
socioeconomic) as well as relative differences in power between researcher and users can be 
more effectively reduced by conducting all design activities in the field.  
With this in mind, the project work was conducted at either the homes of the users or the local 
field office of the partner organisation. Using spaces that were well known to the users 
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provided one way in which power-relations could be equalised and distance between 
researcher and users could be reduced. The language used in all these activities was Bangla, 
with the field officer serving as an interpreter.   
Design activities undertaken with DRCSC staff were primarily done in the DRCSC head 
office, and English was used. Even here, the researcher was embedded within the organisation 
itself and multiple formal and informal meetings and interviews were undertaken to 
understand different aspects of the organisational context as well as introducing and 
discussing the project with different groups of the organisation’s staff.   

4.2 Activities 
Within the configuration of the design & research process outlined above, multiple activities 
were undertaken in order to explore the research questions and achieve the project aims: 

1. Initial technology evaluation. 
2. Initial introduction to the field and needs gathering from farmers. 
3. Development & evaluation of a mobile phone service for smallholding farmers. 

The development and evaluation of the application (stage 3) was done iteratively, with minor 
iterations run and tested in the office approximately every two weeks and two major iterations 
developed and delivered to users over four months in the field (meaning broadly bi-monthly 
iterations). Using the weekly or bi-weekly iterations common in commercial software 
development were impractical due to considerations for the amount of time that could be 
taken from the users.  
Each iteration of the design was developed and evaluated through a series of activities: 

• semi-structured interviews with farmers to gather both input and suggestions prior to 
launching the iteration 

• short training sessions with groups of farmers on how to use the new iteration, as well 
as demonstrations and trials of the developed iteration 

• semi-structured interviews after the iteration to evaluate its functionality and the 
farmers’ responses to it 

A template interview guide used for semi-structured interviews can be found in Appendix B 
(p 51). Interviews and training sessions were conducted inside or around farmer’s homes and 
with one or two farmers at once. It was, however, common for more people to join the 
discussions about the iterations as they were conducted in public areas. In addition to the 
qualitative evaluation of the system through the interviews and sessions outlined above, usage 
data was gathered automatically and analysed with a specific focus on error rates after the test 
of each iteration had completed.  

4.2.1 Technology evaluation 
The major framework for analysing and evaluating the technology choice in this project was 
that of ensuring appropriateness. This meant that each technology option was analysed both in 
terms of its functionality and fit to the task at hand, but also looking at how it would fit into 
the local socioeconomic context. This included suitability with regards to financing options, 
local capabilities in terms of managing the technology as well as environmental conditions 
(especially with regards to access to infrastructure such as Internet connectivity and 
electricity). 
Using mobile phones and mobile technology was agreed upon early on as a baseline 
assumption for the project in discussions between the researcher and the partner organisation. 
This choice was made both on the basis of interests of both parties but also the relatively 
abundant access to mobile phones among the farmers’ groups. It entailed not introducing any 
new client devices – saving cost as well as time in training. On the basis of this condition, a 
checklist of potential interaction modalities (SMS, webpage/internet access, voice messages) 
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was prepared (Appendix A, p 50). Each interaction modality was discussed and evaluated on 
the basis of its broad applicability to the target area and group.  
For the implementation of the interface with the GSM/GPRS network, two primary 
approaches were evaluated: 

1. External service provider with an application programming interface (API) for 
interfacing with GSM. 

2. Local software and hardware bought and hosted at the project office. 
 

For each approach, its functionality in relation to previously mentioned modalities as well as 
its appropriateness with a special focus on technological complexity in management & 
implementation as well as cost was evaluated. 

4.2.2 Initial introduction to the field 
Early on and in part in parallel with the technology evaluation the researcher spent time at 
each field location selected to further get to know the conditions faced by the farmers as well 
as become familiar with work undertaken in the field offices. These visits were conducted 
during two visits of two days each in Patherpratima and one visit of five days in Purulia and 
consisted of interviews with local field officers, observation of field office activities as well as 
visits to the farmers’ groups and villages where the work would be undertaken. A total of five 
villages in Patherpratima and six villages in Purulia were visited (some of which were not 
included among the villages selected as there was a need to limit the scope of the project). 
Beyond providing the researcher with an introduction to the local area these visits also served 
to introduce the researcher and the research project to the local stakeholders. 
This initial introduction also included an informal survey of the mobile networks used, the 
way the end-users used their phone, who they communicated with as well as if they already 
used their phones to gather information about agricultural practice. Semi-structured 
interviews were used and would begin with a discussion with one or two individuals and then 
– due to being conducted in a public place and in the presence of a foreign researcher - more 
people would eventually join meaning that they often ended up as group interviews. The exact 
number of participants is therefore hard to ascertain. A simple interview guide was used to 
guide these interviews with the farmers (Appendix B, p 51).  

4.2.3 Iteration 1 – Voice Diary 
Based on initial visits to the project areas, it was recognised that a strategy to better map out 
the daily information needs of the farmers was needed. As extensive ethnographic fieldwork 
would not fit within the scope of the project, an alternate ICT based approach was chosen in 
the form of a “Voice Diary”.  This approach had two added benefits, it would a) provide a 
practical application to begin testing the functionality, stability and suitability of the chosen 
technology in the target areas, and b) it would accustom the users to the modality of recorded 
asymmetric or asynchronous mobile phone interactions. 
Two prototypes were developed and taken to farmers in Patherpratima and Purulia. Six 
farmers in Patherpratima and 10 farmers in Purulia were invited to participate in the trial 
through visits at their homes and in their villages.  
Both prototypes consisted of a simple interactive voice response (IVR) application where 
three pre-recorded questions would be asked to which the farmer would record an answer one 
after the other. The two prototypes differed only in the way the user moved on to the next 
question – in the first one there was an automated recognition of silence, so that after a certain 
number of seconds of silence the application would proceed to the next question. For the 
second prototype the user had to press the “*” or “#” button to proceed.   
Voice prompts had been recorded in the office using a handheld voice recorder and post-
processed with a de-noise filter using open source software. The cost and complexity of 
producing the prompts was thereby kept low.   
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The voice prompts used for the system were: 
1. “Hello, welcome to the voice diary. Please respond to each of the three questions and 

after your response press the * key”. 
2. “First question, tell us about any problems or challenges you are facing on your farm 

right now” 
3. “Second question, tell us about any help you need or questions that you have about 

your farm right now” 
4. “Third question, tell us if you had any communication with other farmers about your 

farm or the problems you have faced.” 
5. “Thank you. You can now hang up.” 

Farmers were given the instruction to call in once daily for 14 days and provide answers to 
the queries. They could call at any time throughout the day. The system registered and logged 
the length of their calls and using online call-time recharges the cost of the calls was 
reimbursed.  

4.2.4 Iteration 2 – Farmers’ question & answers 
To build on the first iteration, adding the ability to both ask questions but also receive answers 
to questions seemed like a natural step for all involved.  
The functional prototype was built on a simple IVR based interaction with two or three 
options depending on whether the caller had been given the permission to answer questions or 
not. Pressing 1 gave a prompt to record a question, pressing 2 allowed the user to listen to 
answers to previous questions he or she had submitted and pressing 3 allowed a user to listen 
and reply to questions asked by other farmers. Five farmers were given the ability to answer 
questions, as were four of DRCSC’s staff members. There was no limitation as to who could 
call in meaning that anybody who knew about the number could call and ask their questions. 
It was reasoned that it was unlikely that any users outside of the farmers’ groups or their 
immediate acquaintances would get access to the number so no further control of the callers 
was implemented. 
It was recognised in the previous iteration that the reimbursement method for call-time used 
was both cumbersome and in some cases not even noticed by the farmers. During interviews 
held with the field staff in evaluation of the previous iteration the potential to use “missed 
calls” as a modality was proposed. The idea being that the user could make a missed call to 
the system in order to receive a call back. In this way the user would make an outgoing 
missed call for free and then receive a free incoming call from the system thus removing any 
need for reimbursements.  
To fully test the system 43 of the questions / problems recorded during the “Voice Diary” 
iteration was used to pre-seed the system and one of the organisation’s experts had also been 
asked to provide answers, ensuring that the farmers who had participated in the “Voice Diary” 
exercise already had questions and answers registered with the system. 
To evaluate the ability of farmers to use the system (and especially the IVR facility), all calls 
were logged and later failed calls classified manually. Failed calls were defined as calls where 
the user called in and then did not enter any input to go to any of the other menus. In the log 
this was identified as calls where the start of the call was followed by one or more “timeout” 
events (no response from user) after which a hang up event was logged. The log was filtered 
by caller id to remove marketing callers and other numbers that were not mobile phone 
numbers from West Bengal. 

4.2.4.1 Workshop 
To prepare for this system a workshop in the Patherpratima area was organised where both 
the famers who participated in the first trial, but also additional farmers from other farmers’ 
groups in the Patherpratima district, were invited. A total of 14 farmers participated along 
with three members of the local field office. The goal of the workshop was to gather 
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additional input from a larger group of users on the framework and functionality of the Q&A 
application, test its functionality in practice and engage a set of key initial users. 
The workshop consisted of a half-day session where a practical scenario on the basis of their 
interaction with the system was used to discuss various features and constraints in the system 
design combined with testing of a functional prototype of the Q&A application.  
The agenda of the workshop (see Appendix D, page 53) relied heavily on using narratives in 
developing the design of the system. Rather than explicitly using terminology and tools 
borrowed from Agile software development such as user stories (which has been shown to be 
problematic - see Dearden & Rizvi, 2008), a set of fictional individuals as well as a narrative 
of their situation and interaction with the system was produced in collaboration with the users 
during the workshop. This was then used in combination with concrete language about the 
interaction modality developed through previous work with the farmers to discuss and reason 
about the system.  

4.2.4.2 Additional training sessions 
In order to spread awareness of the system further, additional training sessions were held with 
four farmers’ groups informing approximately 60 people from five to six different villages 
about the system and giving them instructions as to how to use it. As participation in these 
events were fluid with some people joining the meeting and then leaving it, it was not 
possible to identify an exact number of people who had been informed about the system.  

4.3 Ethical considerations 
As this project involved work with poor and vulnerable groups, a reflection on the ethics of 
the project was a pre-requisite from the researcher and the organisation. While no pre-existing 
clear ethical guideline for a project such as this existed within the organisation or as part of 
the project set-up, literature from the HCI4D field offers certain guidelines as to practices to 
adopt (Dearden 2012; Anokwa et al. 2009; Ho et al. 2009): 

• Gathering informed consent on all activities from end-users as well as clearly stating 
how their contributions would be put to use. 

• Working in partnership with an already established organisation, creating technology 
that enables them to enhance their work as well as using them as a gatekeeper or 
buffer to the communities worked with.  

• Managing expectations clearly, ensuring that the project is not hyped up; 
continuously grounding all stakeholders into the reality of what can be achieved 
within the scope of the project.  

• Providing benefit and value to the participants of the study. While it might be difficult 
in a project like this to conform as strict a standard as the one quoted by Dearden 
(2012, p 8) as “… it is not legitimate to involve vulnerable people in research unless 
the particular individuals have a realistic chance of actually receiving the benefits of 
the research outcomes”, a reasonable understanding of how the project in the long-run 
can serve to benefit all participants (in this case DRCSC staff and farmers’ groups,) is 
important. This also includes a certain long-term commitment by the researcher to 
follow-up on and build upon the research in the project. 

• Continuous reflexivity surrounding all aspects of participation as part of the research 
– including who have been included as participants, what level of participation is 
practised as well as how various power-relations affect the activities conducted in the 
project. This includes understanding how the institutions the project works with 
produces and re-produces specific power relations (whether it be NGO partner, 
farmer groups and their leaders, local organisations, different villages or even certain 
households and representatives of those households). 
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These considerations were all taken into account in the project in part through active ongoing 
reflexivity by the researcher, but also through conversations about such issues with all 
stakeholders. A continuous process of critical mutual introspection into the value (both short-
term as well as long-term) of the project to the organisation and the farmers’ groups was 
undertaken. This included bringing these questions up in each interaction with the farmers, as 
well as regularly with the organisation’s staff.  
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5 Results 
In this section the results of the three main activities of the project are presented: first the 
outcome of the technology evaluation deciding on the main technological platform used for 
the project, secondly the data gathered through the initial introduction to the field sites and 
thirdly the outcomes of the two iterations of the ICT application designed. 

5.1 Technology evaluation 
Four external providers were evaluated and compared with four options for a self-hosted 
solution. The option of having a regular ISDN connection through a land-line 
telecommunications provider such as Calcutta Telephones was not included as it was deemed 
that the setup time and cost would make it out of bounds for the scope of this research project.  

5.1.1  External API 
The external solution would consist of an application linked via an application programming 
interface (API) provided by the telecommunications provider. Despite the actual APIs 
differing, the chosen providers supported the functionalities in the previously mentioned 
checklist (Appendix A, p 50) with one major exception – incoming calls. The accessibility of 
an incoming number in India is severely constrained by regulation limiting interconnections 
between the telephone network (GSM & PSTN) and VoIP (SIP).  
The main benefit identified with an external solution was that most of the hardware, as well as 
all of the management of the telephone interface would be taken care of by the provider. This 
means that there is limited need for internal technical capacity within the organisation to 
manage any hardware or software. The end-points for the API interactions can be a simple 
web/HTTP based application and can be hosted on any of the many Virtual Private Server 
(VPS) providers available at low cost. 
The drawbacks of this type of solution stem from the same dependence on an external 
provider, which: 

1. limits the ability to creatively prototype and test new modes of interaction not yet 
supported by the provider’s API (such as that of a missed call which became 
increasingly relevant in the design of the project). 

2. means that if the provider disappears, all software developed in the project is tied 
to a proprietary API and will need to be  re-written. 

3. increases costs (details below).   

5.1.2  Self-hosted 
In the self-hosted option the basic software package proposed was Asterisk. This provides a 
wide range of telephony features as well as support for IP-telephony. Asterisk runs on any 
Linux system, and has relatively modest hardware requirements.  
In order to link Asterisk with the GSM or PSTN network two suitable options were found: 

1. Using a gateway to connect an incoming phone line or GSM SIM card to a 
VoIP/SIP endpoint (which would be the Asterisk system).  

2. Using a regular GSM/GPRS data card with a GSM SIM card as a voice 
modem/serial interface, connected with Asterisk using an external module 
(“chan_dongle”). 

The main drawback of using a self-hosted solution is the increased size of the software stack 
that needs to be supported as well as the installation and management of hardware. In the case 
of the first option above, the software stack could (including Asterisk) be hosted on an 
external server or VPS reducing the locally installed hardware to an integrated consumer 
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device (the PSTN/GSM gateway). However, that would introduce a dependency on a stable, 
high speed Internet connection. In the case of the second option, a local Asterisk based server 
would need to be hosted at the field site or head office, but would not require an Internet 
connection.  

5.1.3 Cost comparison 
In Table 2 the costs of the different solutions outlined above have been reported. 
All options require a server (local laptop or VPS) running either an Asterisk gateway (for the 
self-hosted option) or an application/web-server like Apache (for the external option). This 
cost has therefore been taken out of the comparison.  

Table 2 Costs of different telephony solutions (in Rs) 

Provider( Type( One(
time(
cost(

Monthly( Per(
minute(
incoming(

Per(
minute(
outgoing(

SMS(
(outbound)(

ExoTel( External! 0! 17503
6500!

0.6*! 0.6*! 0.18!

Plivo.in( External! 0! 0! N/A! 2.26! 0.41
! !

KooKoo(
“normal”(

External! 0! 500! 0.5! 0.7**! 0.2**!

Twilio( External! 0! 0! N/A! 1.59! 0.63!
Matrix(
Telecom(

GSM!g/w! 8000! 0! 0! 0.631.2***! 1***!

Matrix(
Telecom(

FXO!g/w! 6500! 195! 0! 131.2***! N/A!

Linksys(
SPA30001(

FXO!g/w! 4000! 195! 0! 131.2***! N/A!

Huawei(
E173(

Data3card! 1000! 0! 0! 0.631.2***! 1***!

*!Considerable amount of minutes included in the packages with Exotel!
** 220 minutes included 
*** Can be drastically reduced by using special local call plan packages 

5.1.4 Choice of provider 
From this evaluation, it was decided to start with the lowest-cost alternative for prototyping, 
which turned out to be the data-card/GSM interface. This option meant that the up-front cost 
was low and that locally available materials (laptop, data cards and SIM cards) could be used. 
It also meant that different designs could be tested fairly freely without taking into account 
any limitations in features provided by an external API. Finally, it meant that the cost for 
running the system could theoretically be borne by the users, as they could pay for outgoing 
calls to the service (which would be free for the service to receive). 
A further benefit, which was only discovered after the system had been put in place, was that 
use of local “offer” packs for reduced call time charges could drastically cut per minute costs 
- especially when the users were on the same network as the SIM card used by the service. 
Even though fixed-line telephone connections might have been available in the office to use 

                                                        
1 Not generally available in Indian market and would need to be ordered from abroad.  
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with a PSTN/FXO gateway, the general simplicity of getting a SIM card meant that it became 
the preferred option.  
This choice carried some additional technical risk and cost, primarily: 

1. Complexity of the stack involved was greater (more software and hardware 
components)  

2. Performance of the stack under local conditions was unknown  

There were to begin with no clear guarantees that features such as touch tone dialled inputs 
(IVR) would work as expected. Since the cost was low, it was decided to anyway test the 
solution and then – if the required features were not available – switch to another option.   

5.2 Initial survey of mobile phone use 
From the initial introduction to the field as well as informal surveying of the mobile phone 
use among the groups that were selected for participation in the project several important 
characteristics emerged.  
First, it was clear that very specific mobile networks were in use by the end-users with a 
predominance of Vodafone. Some users had access to multiple SIM cards and would use 
different ones depending on whom they were calling. Additionally, as network coverage 
would vary between different locations and villages, using multiple SIM cards was helpful in 
ensuring constant network access. Another common network used was IDEA. Networks such 
as AirTel, BSNL or Tata DoCoMo were found to be used only sparingly (and in that case 
often as a secondary SIM card). As call rates can be drastically lowered using call rate packs 
for in-network calls (for example: low-cost “rate-cutters” to cut the rate from Rs 0.02/s to Rs 
0.003/s) there are clearly network effects when it comes to operator choice. 
Farmers reported using the phone primarily to call other members of their village, relatives in 
other villages and field officers of the organisation (DRCSC). For interaction with 
government services (such as extension agents or block officers) almost all farmers reported 
that they would travel for face-to-face meetings in the district headquarters rather than calling. 
In observing where and how farmers used their mobile phones differences between Purulia 
and Patherpratima emerged. In Patherpratima we interviewed both men and women, with  
approximately 70% of the participants being women and from women’s groups. There, 
women would normally not carry their phones with them (unless traveling greater distances) 
but rather leave the phone in the house. In Purulia we interviewed exclusively men and they 
were found to carry their phone with them at most times, possibly a result of the greater 
distances between their fields and homes. In Purulia it was observed that we rarely met 
women in the fields and rather saw them being active in and around the house. 
In Purulia, the organisation worked more closely with male farmer’s groups and it was 
suggested that there were more social and cultural barriers to working with women – 
especially for a foreign, male researcher. The stronger establishment of women’s groups in 
Patherpratima was presented as a legacy from previous interventions that had specifically 
focused on women when establishing the groups. 
For the farmers who kept their phone in the house, such as many of the women in 
Patherpratima, usage was mostly restricted to evenings or mornings, as they otherwise would 
spend most of their time in the field where they would not have access to their phone. 
On their phones, the famers only used the voice calling features. Only a couple reported using 
the phone book feature. SMS was generally not in use and when asked, farmers either did not 
understand what that feature was or said they did not use it. For those who knew about SMS, 
they mentioned that their phones did not support input in the local language and that SMS 
mostly seems to be used for unsolicited marketing messages/spam. Field officers suggested 
that low literacy also played an important role in the lack of SMS use.  
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5.3 Iteration 1: Voice Diary 
The voice diary application was the first prototype that was developed and introduced to the 
farmers. In taking the prototypes to the farmers there was certain insecurity among them as to 
the modality of calling and recording messages. After having successfully recorded a call this 
insecurity quickly dissipated. Through sessions with farmers it soon became clear that it was 
important to emphasise that all prompts were in the local language even before discussing the 
functionality of the system, as that was otherwise a major concern to the farmer upon meeting 
a foreign researcher.  
In interviews and testing conducted with seven groups (in both areas) of 1 to 3 farmers it 
became clear that there were both technical problems with IVR recognition but also that it 
proved to be an additional hurdle to adoption. As a result of this, the version with automatic 
silence detection was used for this iteration. This however turned out to be somewhat of a 
challenge for a couple of users, as any background music or other noise would cause the 
system to halt and not progress to the next question. In the end, through analysis of the calls 
made it became clear that apart from two calls, the farmers calling in were able to find ways 
to mute the microphone or silence any background noise and continue to the next question. 
With regards to IVR, a small useful outcome of this activity was that the “*” button was much 
easier to communicate about than the “#” button which did not have a consistent term or 
name locally.    

5.3.1 System implementation 
The system was tested and run on a laptop running Linux (Debian) with Asterisk 1.8 installed. 
The recordings were converted into a suitable audio format from WAV using the “sox” 
software. The interaction flow was programmed using the Asterisk Dialplan language. All 
source code was managed through Git and eventually published openly on GitHub 
(https://github.com/linuskendall/drcsc-voice).   
A Huawei E173 datacard with a Vodafone SIM card was used for interfacing with the GSM 
network through the chan_dongle add-on to Asterisk (https://github.com/jstasiak/asterisk-
chan-dongle). Automated logging of all calls was done to a comma separated file (CSV) using 
the built-in features of Asterisk. 

5.3.2 Usage, failure rate & cost 
Farmers from both Purulia & South 24 Parganas were able to call in and record their queries 
successfully. There were distinctly less answers from Purulia. Out of 119 calls made, 6 calls 
were less than half a minute long (which indicates some problem) and 20 calls were cut short 
(that is did not go through all three questions asked). Out of these 20 only 8 were “true 
failures”, as for the rest of the calls the farmer called back and completed the interaction 
immediately, meaning an error rate of less than 7%. Instead of implementing any error 
recovery features into the system, the farmers had been instructed to hang up and call back if 
they faced any difficulty, an approach that the results indicate that they have adopted readily. 
A total of 3 hours of calls were made, meaning approximately 1 minute and 30 second on 
average per call (or 30 seconds on average per question). The calls were transcribed and 
translated into English. A total of Rs 300 ($6 USD) was spent on reimbursing call time to the 
farmers. In the follow-up interviews, several farmers mentioned that they had made use of 
special offers for reduced rates for local calls, meaning that the actual amount spent by the 
farmers likely was considerably less. However, it also emerged that only a couple of farmers 
had noticed the recharges, as the others had identified the recharge notification SMS 
messages as marketing messages and ignored them.   
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5.3.3 Recorded input 
The majority of the questions asked related to pests and diseases, which indicated that this 
was an area that the farmers were most interested in information about, the following all 
being typical messages recorded by the farmers: 

• Why are the fruits of the pumpkin plant drying up?  
• The fruits of the brinjal [aubergine] plant are going bad. 
• The reaping of tomato seeds is making the tomato seedlings turn yellow. 
• The stalks of the tomato saplings are rotting. Why, and how can we solve this 

problem? 
• There are strange white marks forming on the papaya trees, and the trees are drying 

up. 

In the calls, in response to the third question the farmers documented their process of 
gathering information, which included other farmers and centred on the weekly markets: 

• Whenever there’s a problem we meet with the other farmers at the square, or the 
market, or the space allotted to us, to discuss it. We go take a look at one another’s 
land… Even if that doesn’t help, we go to the Block office and inform them about the 
problems. 

• Definitely. If ever there is a problem regarding cultivation, farmers come together 
either in their localities or at the tea stalls to discuss their difficulties. There is 
exchange of ideas. The marketplace becomes the centre for such discussions too. It 
even happens so that a farmer in trouble seeks the help of another experienced 
farmer in matters of decaying harvest, or singed harvest or difficulties with brinjal 
farming. Many even go to the block agricultural office. 

However, there were also multiple responses indicating that taking help from other farmers 
was insufficient and that the farmers they asked faced the same problems and lacked for a 
solution: 

• I have spoken to the local farmers but did not receive an acceptable response. They 
told me that an excess of manure can rot the pumpkin plants. I did not find this 
convincing. 

• Whenever we talk to them, they tell us the same thing… They’re facing the same 
problems with their plants. 

• Yes, I’ve spoken to other farmers. They haven’t found any medicine for this, and are 
asking me to stop farming eggplants. 

• Yes, I’ve spoken about it, but every farmer is providing me with a different solution, 
none of which have proved to be effective. 

Beyond asking questions about their own farms, several farmers also made use of the system 
on behalf of their neighbours: 

• One of my neighbours’ okra plants are about three months old now, and quite 
healthy. Why aren’t they flowering? 

• In one of the farms [in the village], the eggplant, chilli and tomato plants are dying 
out just before flowering, whereas the other plants remain perfectly healthy. What is 
the reason for this? 

• One of my neighbours has been telling me that once in the middle the plants were 
growing very well, but now the banana trees are all drying up again, like they used to 
before. They’re drying up whenever the fruits are starting to grow. 

This iteration showed that the technical design used performed well in terms of sound quality 
and stability, but also in accessibility for the farmers. The modality of recorded voice 
messages was simple to learn and easy to use by the farmers. It is worth noting that the 
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farmers had not used the voice mail features on their phones and had limited previous 
experience with IVR systems.   
Despite having been instructed that we would not be providing specific answers to the 
questions raised by them in the calls, several farmers expressed an interest in and expectation 
to receive answers to their questions, which led to the development of this iteration into the 
second one.   

5.4 Iteration 2: Farmers’ questions & answers 
In this iteration, in addition to the functionality of recording questions, the ability of users 
(either farmers or organisation staff) to call in and reply to questions was added. The primary 
goal was to evaluate the feasibility of answering questions appropriately via the mobile phone 
/ IVR interface. 

5.4.1 Experiences of replying to questions 
An important part of this iteration was exploring how replying via the system to questions and 
concerns recorded by the farmers would work in practice. As mentioned previously, the 
system was pre-seeded with questions gathered from the previous iteration and one of the 
organisation’s experts were asked to provide answers to them. This was done to test both the 
functionality of answering questions but also to review farmers’ reaction to the type of 
answers they could expect to get via the system. 
The expert had managed to provide 60 answers within a timeframe of about 3 hours, meaning 
it took approximately 3 minutes to answer each question. He did not face any technical 
difficulties in either hearing the questions asked by the farmers nor replying to them. Using 
the mobile phone to listen to and reply to questions worked well, though he did express that 
an interface usable from his computer or smartphone might be helpful if located in the office. 
An important aspect raised by the expert was that they often had extended periods (several 
weeks each month) of travel between head office and field and that it would be useful to have 
access to different modalities of answering questions as this might be a useful way of using 
traveling time. 
The farmers participating in the workshop (pictured in Figure 4) were also asked to listen to 
and answer some of the pre-seeded questions as well as discuss both the questions and 
answers in groups. Out of three groups, two of them entered into discussions about what type 
of questions could be answered by other farmers as well as which questions required expert 
advice. Several farmers expressed insecurities about recording their personal opinion and 
providing “answers” to questions. They also noted that questions needed to be quite specific 
in order to have a perfectly accurate reply. They identified that several of the pre-seeded 
questions (which had been asked by the same farmers in the previous iteration) were too 
generally formulated to have a very clear answer. 
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Figure 4 Workshop held in Patherpratima in September 2014. 

5.4.2 IVR issues 
Two technical aspects of the design emerged as a result of the workshop – the first being that 
users of certain mobile networks (IDEA) were not able to successfully register IVR input / 
touch tones and secondly that for IVR to work properly sufficient waiting time needed to be 
allowed for in the IVR prompts.  The user would take between 5-10 seconds to move the 
phone from the ear, find the button, press it and then return it to the ear to hear the reply. 
Increasing the delay from the point that a user pressed a button to the time the next prompt 
was played was important and something that had not surfaced during testing in the office. 

5.4.3 Marketing and education material 
After an initial period of running the system during which a few questions were recorded on 
the system it was decided to conduct further marketing of the system. This was done both 
through printing of laminated instruction cards in the local language as well as 
implementation of two features on the system. The first feature allowed for a voice message 
reminder about the system and how to use it to be automatically made with outgoing calls and 
the second feature used an automated call to notify farmers about when they received a new 
answer. Information sessions were also held informing approximately 60 additional farmers 
of the system. 

5.4.4 Missed Calls  
The missed call modality was tested successfully in this iteration – farmers could give a free 
missed call to the system and the system registered the number automatically setting up an 
outbound call back. “Missed calls” as a modality to get somebody to ring you back was 
common among the farmers and often used when their call time credit was low. Thus, this 
method could effectively be used to enable the system to be free for the farmers managing 
costs through the SIM card installed in the system. Technically, the missed calls were 
implemented using a short script that generated an “Asterisk call file” upon receiving an 
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incoming missed call indicated by a “connection” followed within 15 seconds by a “hang-
up”. The call file would be processed automatically by Asterisk to set up an outgoing call 
directed at the programmed IVR dial plan flow (Figure 5, p 28). Use of this system also 
helped filter automated marketing calls, as they would eventually hang up and would not 
accept the call back. 

5.4.5 System Implementation  
This iteration moved the hardware from a relatively high cost laptop to a low cost device 
called a “Beaglebone Black”. This meant that the total hardware cost for the entire running 
system was below Rs 6000 ($100 USD). The same Asterisk based installation as in the Voice 
Diary application was used along with a MySQL database for storing records about the 
questions and replies. Voice prompts were again recorded using a handheld digital voice 
recorder and post-processed using open source tools. All implementation details including the 
Asterisk dialplan code were published openly on GitHub 
(https://github.com/linuskendall/drcsc-voice/).  
The final IVR flow implemented after the workshop is illustrated in Figure 5. The principle 
adhered to in designing the IVR flow was to keep the depth of each menu as small as 
possible, and to prefer hang-up/call again workflows as opposed to circular menus or any 
advanced error recovery methods. This was based on the initial results from the Voice Diary 
application that showed that this was a feasible method of handling errors that required little 
training or instruction of the users.  
The system was set up to use Caller ID (i.e. the calling phone number) to match incoming 
calls between user profiles on the system, registering a new user profile the first time a farmer 
called. This user profile was used throughout the system to match questions and answers 
provided to the current caller. This meant that upon pressing “2” the farmer would only hear 
answers to his or her own specific questions.  
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Figure 5 Schematic of the IVR flow for the Q&A application. 

5.4.6 Usage, failure rate and costs 
A total of 88 questions were entered into the system along with 113 replies (some questions 
received multiple replies). A total of 41 unique callers used the system to either ask questions 
or reply to them, and the median amount of calls each caller made were two (2). In addition to 
the seven members of the organisation’s staff who used the system we had conducted 
presentations of the system to a total of 14 farmers in the workshop and approximately 60 
farmers during group presentations. Approximately half of the people who had been 
introduced to the system therefore made at least one call.   
147 calls were made to the service during the trial period, out of which 34 can be classified as 
failed calls, resulting in an error rate of 23% - considerably higher than that of the voice diary 
trial. A total of Rs 900 (USD 15) of call time recharges were made during the system trial 
period to the SIM card used in the system. These call time recharges were used for outgoing 
calls to farmers calling in, using the missed call feature.  
The types of questions asked mirrored those of the previous iteration as well as what would 
have been expected from other work in this area (Patel et al. 2010; Ali & Kumar 2011; 
Goswami et al. 2010). An important difference in this iteration was that several of the users 
used the system to record multiple questions one after the other. In order to keep the system 
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interaction simple, and noticing how “error recovery” by simply calling back worked well in 
the Voice Diary iteration, the system was designed to hang up after each successful action 
taken meaning that the call would end after the user had recorded his or her question. From 
informal discussions with users, they did not view the need to make an additional missed call 
to ask another question as a difficult part of using the system.   

5.4.7 Qualitative evaluation of the questions asked by farmers 
To evaluate the quality and ability of farmers to use the system accurately a semi-structured 
interview focusing on the call recordings was conducted with the staff member from DRCSC 
who answered most of the questions.  
He stated that the questions could be divided into the following categories: 

1. Questions about diseases and pests which could easily be answered 
2. Questions about broad and general conditions such as soil salinity or sea wall 

breaches, which were not possible to handle in a system like this. 
3. Questions outside of the scope of farming advice, such as those about 

government welfare schemes. 
4. Recordings that were impossible to hear or only consisting of silences. 

He stated that most questions fell into the first category, with the rest being distributed 
between the other categories. He stated that additional instructions to the user, either in the 
form of recorded instructions prior to the user being able to ask a question or through training 
provided in the field would be valuable to improve the quality of questions asked.  
Questions falling into the first category, which were easily answered, generally mirrored the 
ones received from the voice diary iteration. The staff member interviewed stated that “many 
of the answers I gave were the same, as the issues farmers’ have could be dealt with using 
[the same methods]”.  
However, the staff member also stated that it seemed that this type of system, as well as the 
way the questions were posed by the farmers, encouraged thinking in terms of short-term 
“fixes” for the problems faced by the farmers. Farmers called in expecting specific advice 
about medicine or pesticide to use, whereas the staff member stated that many of the issues 
could only sustainably be managed in the long-term by changes in farming practice and farm 
design. This highlighted an important aspect of whether the system could support the 
organisation’s aspiration of sustainable agriculture. 

5.4.8  Implementation in Purulia  
It was decided by the project team not to implement this system on the ground in Purulia at 
this time, as the region was facing a situation of drought, resulting in several of the farmers 
being forced to plan for migration. In this extremely vulnerable situation, implementing an 
experimental prototype that would take farmer time with little promise of direct, immediate 
benefit was considered unethical as well as impractical.  
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6 Discussion 
In this section I highlight and discuss findings from the design and implementation phase 
attempting to answer the research questions posed. I focus initially on the question of 
socioeconomic and sociotechnical constraints as well as opportunities identified. I then move 
on to a discussion of whether the intervention can be considered appropriate. Then I continue 
with a review of the key design constraint employed (asynchronicity) and a discussion of the 
third research question: the methodological issues encountered in the field. Finally, I 
conclude with reflections that can be drawn on what the requirements would be for ICT 
interventions to achieve development impact as well as how the ICT employed in this project 
relate to the goal sustainability. 

6.1 Constraints  
Below some of the major constraints identified in the process of designing and implementing 
an ICT service in this context are discussed, along with ideas and suggestions as to how they 
might be mitigated or worked around.  

6.1.1 Ability to contribute to the design 
A constraint to a participatory design process that became clear throughout the first few 
interviews was that it was difficult for the farmers to conceptualise or provide feedback to the 
design of the system using abstract language and prototypes – it was not until a functional 
prototype was demonstrated that more productive discussions about the system could be held.  
Having a fully participatory process would require more time in both getting to know the 
community, but also building capacity among community members to participate actively in 
discussing needs and functionality. It would certainly require a longer time commitment to 
build that capacity, but it also presents a constraint in the geographical expansion of 
participatory design activities, as each group of “design participants” require a significant 
commitment in terms of building a common basis and language for the design work.  
Theoretically this process can be thought of on the basis of Wittgensteinian “language games” 
as proposed by the early participatory design researcher Pelle Ehn (Ehn 1988; Ehn 2008) 
where the performative acts and artefacts of the design process serve to gradually bind 
together language games practised by researcher and end users. From such an understanding 
of this process, it is clear that it is a mutual, contextual and time bound process that is co-
created (and necessarily performed) by the various participants.  
In this context the challenge of intertwining the different language games practised by end 
users as well as researcher was even greater due to the lack of mutual spoken language as well 
as access to common abstractions or ways of reasoning. The end user groups involved in this 
project had limited formal schooling and many limited literacy. It has been suggested that 
primarily oral groups organise and process information and knowledge in different ways from 
literate ones (Gee 2006). As seen in the workshop and discussed below, integrating narrative 
elements as well as introducing functional prototypes or concrete representations much earlier 
in the design process might be a way to engage with this difference in forms of reasoning and 
organisation of knowledge while simultaneously creating intertwined language games of 
design.  
In light of these constraints, successfully applying participatory design in the long-term might 
entail developing a form of community of practice where long-term application of 
participatory ICT design becomes a form of everyday professional practice in both the 
organisation and among the farmers’ groups. The existence of such a community, with its 
emphasis on continuous process of “’learning’ as the act of becoming a legitimate participant, 
establishing relations to other ‘older’ participants and learning to master tools and material 
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devices” (Ehn 2008) might be the necessary component in spatial expansion and scaling of 
participatory design activities in this context. Such a community of practice would include 
both shared and intertwined language-games, implying shared ways of organizing, preserving 
and presenting knowledge or ideas. This could provide a platform for integration of new 
farmers’ groups in different regions into continuous work with designing and implementing 
ICT services in their lives and everyday practices. 

6.1.2 Migration & fluidity of group membership 
In Purulia, there seemed to be both less interest in and engagement with the initial trial tested. 
During the meetings held in preparation for the Q&A system in this region, it became clear 
(as mentioned previously) that the agricultural situation was particularly dire this year due to 
lack of monsoon rains, which eventually led to the decision not to conduct further activities in 
Purulia at all.  
This became a clear environmental constraint that – though not directly related to the ICT 
intervention – precluded running the project in a second area. Several of the farmers in the 
villages visited stated that they were going to migrate elsewhere in India for work, meaning 
that even if the implementation would have continued individual collaborators in the villages 
might not be present throughout much of the project period. 
Migration (both circular, seasonal and permanent) was also a feature of the Sundarban area, 
however the collaborators in this region were exclusively women’s groups and there were at 
present limited direct stress migration among these groups. This allowed for continuous work 
with the same individuals within the groups, which was seen as a requirement to build the 
shared design language discussed above. 

6.1.3 Agricultural calendar 
The annual farming calendar’s strict timelines for sowing, transplanting and harvesting, did 
present a constraint in terms of when different design activities could be undertaken. First of 
all, they needed to be planned for periods somewhat prior to when farmers would actually 
need the service, as their need for, for example, crop advice is not constant throughout the 
year. Secondly, farmers’ willingness and time available to spend on activities such as this is 
distinctly constrained by the amount of work required in the fields.  

6.1.4 GSM / IVR connections 
Technically, using IVR over GSM data-cards did pose some initial challenges that required 
testing multiple networks/settings to find the best working combinations. The fact that this is 
an atypical use of the GSM voice network can mean that such applications could face 
difficulties unless endorsed through a partnership with a telecom operator – something that 
would negate to some degree the simplicity of the setup. During the trial, the operator 
disconnected two of the SIM cards used as their expiry date had passed, requiring us to 
provide new numbers to the farmers. Using only post-paid connections could help alleviate 
this specific issue. Testing different operators as well as tweaking the settings of the IVR 
application was an important part of ensuring stable function of the service. Potentially 
multiple numbers from different operators could be used – as the users themselves often have 
and use multiple numbers and are well accustomed to switching between networks, this might 
not present any impediment and deliver cost and stability benefits. 
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6.2 Opportunities 
Several opportunities were identified that were capitalised on in this project, and can serve as 
drivers for future projects in the region and elsewhere.  

6.2.1 Access to mobile phones 
As expected, almost every family owned a mobile phone or otherwise had access to one. 
Network coverage, while not perfect in all places, was generally sufficient to setup, host and 
use the service. Both cost as well as resources required to implement a voice service like this 
were well within the reach of the project and the organisation and farmers’ groups. No major 
technical challenges were identified, meaning that the platform used presents an opportunity 
for further development and deployment.  

6.2.2 Low cost and simple financing 
Financially, using local SIM cards allowed both the end-users as well as the administrator of 
the system to recharge it with special call-rate “packs” drastically reducing the running cost of 
the system. As far as the investment is concerned, the total cost of the hardware required to 
run a voice application server was no more than Rs 6,000 (USD $100), providing more than 
enough processing power, memory and storage. This includes the ability to connect to the 
Internet via 2G or 3G for sharing data with centralised servers, but also the ability to run local 
multi-user applications. In comparison to the investment of a smartphone for delivering and 
accessing information and data, this device provides both an interface suitable to illiterate 
users as well as support for a greater number of users. While no large scale testing was 
conducted, our estimate is that one device ought to be able to handle 50-100 users for a 
Questions & Answers type system, which would mean covering at 5-10 farmers’ groups.  
The decentralised nature of the system makes the “missed call” interaction possible at scale, 
as all calls would be local and can use further rate reductions with the help of the “call rate 
packs”. Multiple local units such as the one deployed here could easily be used to cover a 
larger geographical area and more users. In small in-office trials we used two data cards 
connected to one unit where the first data card only received incoming missed calls and the 
second handled all outgoing calls. In this way we could implement an “always available” 
queue function without having to have multiple outgoing lines. This solves some of the 
challenges presented by projects such as “IVR Junction” (Vashistha & Thies 2012) and 
further - unlike that project - both the hardware and software involved in this project is low-
cost or free. 

6.2.3 Ease of use and ease of data collection 
It was clear that there were initial insecurities among the farmers about using the system. This 
was expressed both in our trials in the field, but also in the first few calls recorded. However, 
these insecurities were quickly surmounted and users did not express difficulty in interacting 
with the system in evaluations after the trials.  
The relatively low error rates indicates that even with very minimal training users such as the 
ones in this project can easily handle voice based IVR interactions. 
The voice diary application highlighted how a large body of data could quickly be gathered 
using mobile phones. The fact that users could provide the data on their own time, in their 
own houses, in their own words provided a richer dataset, with lesser interruption in the every 
day lives of the users as compared to other methods such as ethnographic observation or in-
person interviews and surveys. Excluding the basic infrastructure (a laptop) it was also 
demonstrably low-cost (both in time and money), requiring only one visit by the researcher, 
and minimal time in producing both the application and the content required for the exercise.  
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6.2.4 Experience with participatory development approaches 
Methodologically, using participatory approaches to the design allowed leveraging of 
capacities and experiences already acquired by organisational staff, field workers and farmers.  
As the organisation had already for some time applied participatory rural appraisal (PRA) in 
the area, there was a relative high level of comfort and acquaintance with participatory 
methods, something that was capitalised on in this project by using workshop and interview 
formats inspired by participatory development practice. Further, running all workshops and 
interviews in collaboration with a field worker previously familiarised with the ICTs used 
(but by no means knowledgeable about their implementation) was a successful approach as it 
allowed a dynamic collaboration between field staff and technical researcher to develop. 
This holds an important insight into how to build capability of grassroots organisations to 
apply participatory design in the context of development – by ensuring that participatory 
design (PD) is couched in both practices and language of participatory development we can 
leverage existing capacities and understanding. This is an area where further work could look 
at how to frame participatory technology design practices for organisations that are already 
familiar with participatory development practices such as PRA. Further, the success in 
establishing a set of guiding activities for PRA might serve as a template for how to build 
organisational capacities for PD. From the work presented in this thesis, it is clear that it is 
fully possible for such an organisation to manage and run PD activities in collaboration with 
more technically oriented designers.  

6.3 Appropriateness of technology choice 
Beyond building an understanding of local constraints and opportunities this project aimed at 
evaluating and identifying appropriate technology choices. As mentioned previously an 
appropriate choice of technology is one where the users or eventual owners of the technology 
can operate, manage and finance it. Further, appropriate technology should be designed to fit 
within the local environmental and social context.  
From the work reported in this thesis it is clear that both farmers and the organisations 
working with them find the chosen technology and user interaction modality convenient and 
easy to learn. This is perhaps no surprise given the previous research on mobile phone 
technology, illiterate users and voice based interfaces (Mudliar et al. 2013; Patel et al. 2009; 
Patel et al. 2010) but it serves as further confirmation that this technology platform is a viable 
option for the context.  
The technology used for this project – a small self-hosted Asterisk server on a low-cost 
computer coupled with a data card and a local SIM – have both strengths and shortcomings 
when evaluated from an appropriate technology perspective.  
First of all, cost was kept low and locally available materials (at most sourced via 
www.ebay.in) were used. Both the data card as well as the hardware device can be purchased 
without difficulty. The cost of the hardware was so low that even if it were to fail on a yearly 
basis the local field organisation would be able to fund its replacement. Using a local number 
and local SIM card rather than an external service meant that the local office could easily 
manage re-charges and other recurring costs without needing access to Internet connection or 
credit cards. For the end-user, the system required no special hardware access other than the 
simple phones they already own or have access to. Using missed calls as an interaction 
modality meant that there also was an easy way to provide a “toll-free” service to the farmers 
without paying the monthly costs of a toll-free number.  The low-cost prototyping and design, 
using solely locally available materials does serve as proof that design and implementation of 
these types of services is within the reach of non-profits in the Indian context.!!
When it comes to environmental conditions, some of the primary concerns relate to 
infrastructure – access to mobile network, electricity etc. – as well as to environmental 
considerations – where to keep the device, protection from rain and humidity and so on. For 
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the first area, infrastructure, it was found that GSM connectivity posed no challenge, even in 
the rather remote areas where this work took place in. Had the design depended on access to 
data service (3G or GPRS) there might have been greater challenges as it was noted that such 
coverage was spottier. The field area often faced power cuts, meaning that when the device 
was placed directly in the field office a battery backup was needed. As the power usage was 
very low, a combined battery and solar panel setup would not have added much to the cost. 
As such, from an environmental perspective the design can be considered appropriate.  
The major shortcoming of an on-site design, as opposed to a remotely hosted one, comes from 
manageability. Even though there are relatively few technical components to the system, there 
is both software (Asterisk and related configuration, Linux) as well as hardware (a specialised 
device like the BeagleBone or a laptop, a memory card and a USB data card) involved, all of 
which require maintenance and initial customisation and can fail. Even though neither the 
configuration nor customisation of the software requires deep technical skill, for long-term 
maintainability both the local field office as well as the head office would need access to 
technical support.  
As far as affordability is concerned, it is clear from discussions with the organisation that one 
time costs are easier to fund, given the current constraints of grant funded projects, as 
opposed to long-term (indefinite) monthly subscriptions. It is also clear that the technology 
used in this project is capable enough, at low enough cost to be used in the context. Whether 
the calling costs would be affordable to the organisation and users is still a question. The 
opinions expressed by the users were varying, where some asked whether the numbers would 
be toll-free and expressed uncertainty as to whether they would use a service if they had to 
pay call fees others said that call charges would not be a problem as long as it was a local 
number. Several farmers stated that using the reduced rate packages allowed them to make 
calls affordable.  
Through some initial enquiries it seems likely that the technical skill to customise, develop 
and support the hardware and software combination chosen in this project does exist or can be 
developed locally. However, this would certainly add to the costs of the chosen 
implementation – perhaps eventually making it costlier than other alternatives evaluated. One 
potential approach would be to work in a way similar to the way that the Open Data Kit 
project has done in building a set of open source tools to simplify the management of both 
hardware and software components (Hartung, Lerer, Anokwa, et al. 2010). 

6.4 Asynchronicity as a key design constraint 
Below follows a discussion of one of the most integral design constraints made when 
implementing this service – especially in comparison to other comparable services already in 
existence. Using an asynchronous modality has been explored in previous studies (Patel et al. 
2011), and here I outline some of the additional conclusions with regards to asynchronicity 
that can be drawn from this project.   
A design constraint set up in the design of this system and to some degree “imposed” on both 
the organisation and the users was the idea of an asynchronous or asymmetric system (Patel et 
al. 2011). Most participants (including organisational staff) would initially think of any type 
of phone-based system as one that requires two parties present at the phone at all times. Using 
asynchronous interaction between farmers, field staff and experts did require some 
explaining, but was easy to grasp for most people once they had tried it in practice. The 
rational for imposing this design was that there were no resources available within the 
organisation to continuously support an incoming telephone line. After explaining these 
constraints, this was clearly understood by both farmers and organisational staff. Despite 
initially being presented as a constraint, this asynchronicity could be a beneficial functionality 
of the system and not just a constraint based on lack of resources: through recorded messages 
the way that responses are recorded could be made much more flexible, for example allowing 
organisational staff to respond to them using a web-based interface on their computers or 
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smartphones. For the users, asynchronicity could be presented in terms of providing them a 
long-term record of questions and answers, which could be perceived as a benefit. 

6.4.1 Requirements on question format 
A critical difficulty this system face, is that the questions farmers’ ask needed to be as well-
formed and detailed as possible when first asked, as there is no specific functionality to 
handle a “back-and-forth” conversation between the person asking and the person answering 
a query. This was raised as a critical objection to the system by both organisation staff and 
farmers. In the current implementation we addressed this by training all participants to a) 
provide detailed, informative questions and b) if answering questions which require more 
detail ask the initial user to record a new message providing both the original question plus 
the additional details. It was also suggested that this might impact the type of questions that 
could be asked so that complex questions of identifying diseases and pests might be better 
handled outside the system, whereas simpler, more straight forward questions could be 
handled via the system.  
A potential solution to this issue might be to provide the functionality to “upgrade” the 
conversation to a synchronous one, connecting the original person asking with the person 
answering the question in a two-way call. This could be done either by simply providing the 
phone number to call back to, or by using the functionality of the Asterisk exchange to set up 
a direct call. A benefit of using the system itself is that recording of the call could still be 
done ensuring that either user could access the full dialogue at a later time.  

6.4.2 Time between question and answer 
The asynchronous nature of the system led to the question of how fast an answer needed to be 
given. When first asked several participants replied “immediately”, however when discussing 
this further in the design workshop, it became clear that depending on the problem between 
24-48 hours might be sufficient. However, one participant suggested that written notice after 
7 days might also be an option indicating a certain divergence in how they thought about the 
questions & answers system. It became clear that “depending on the problem” was also an 
important modifier, indicating that the system might need some form of classifier to divide 
urgent and non-urgent queries. How such a classifier should be implemented was briefly 
discussed in the design workshop and ideas were proposed such as an option for the user to 
self-classify urgency. In the end, it was decided – in collaboration with the farmers - not to 
have such a procedure for the initial trial of the system but leave it until a later stage. 

6.4.3  Design constraints as a motivation for ICT 
Taking a critical viewpoint on the system, it is worthwhile to recognise that maintaining the 
asynchronous interaction modality used in this system might serve as a way (by researcher & 
organisation) to motivate the need for technology at all. In such a way, introducing these 
types of design constraints may create an artificial demand for ICT to solve the needs of the 
users that could otherwise be met without the use of ICT – in other words the introduction of 
certain constraints in turn creates other design challenges which then motivates the work done 
by ICT researchers or designers. 
Farmers, do, to some degree at least, have access to a synchronous way of getting answers to 
their queries – by simply using their phones to call other farmers or organisational staff 
directly. From the initial survey in the field as well as the Voice Diary application it was clear 
that they did use these methods at times.  
While it is true that just directly calling somebody might mean that the farmer does not get 
access to the precise information required (or information of sufficient quality) they will get 
some form of reply immediately.  A question that must be asked of this project, as well as any 
future work continuing from it, is whether in order to serve the farmers’ need for information 
the best would be to not design and implement any technology at all but rather strengthen 
farmers access to advice in other ways (Toyama 2013).  
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6.5 Prototyping and designing in the field 
As the prototypes of the application developed becomes the key builder of a shared design 
language, the ability of users to adequately discuss and provide input to the design of these 
prototypes was as key element in answering the research question about the fit of 
participatory design in the context. It was early on clear that this ability was drastically 
constrained when using abstract questions or prototypes (which would generate no response 
or very limited responses). Therefore, it was decided early on to move the design work 
forward with the help of functional prototypes. The need to rapidly move to functional 
prototypes mirrors work done by others in the field (such as Doerflinger and Dearden 2013) 
and is likely a characteristic specific to work with low-literacy groups. Low literacy, as well 
as the relatively few years of schooling that the participants in this work had, is probably one 
reason why more concrete representations such as functional prototypes are easier to work 
with and reason about for the users.  
Using functional prototypes allowed us to collaboratively develop a design language that 
described an actual interaction, constantly referencing the interaction the user just had with 
the functional prototype. This allowed for a much more concrete shared design language. This 
did not only enable increased participation from the users, but also allowed me as a researcher 
to participate to a greater extent. Since I am by no ways a fluent speaker of Bangla, but could 
easily grasp and pick up the concrete language used in describing the functionality of the 
system I could much more fully participate and understand these discussions as opposed to 
more abstract ones.   
Working with functional prototypes was further aided by the fact that the system ran on a 
laptop using a data card, which allowed us to bring the system to the field and modify it 
throughout the time spent in the field. The relative ease with which modifications could be 
made with the built-in Asterisk dial plan configuration language also meant that we could 
restructure the interactions in the field.  This ensured that relatively rapid changes could be 
made during the evening and night in response to comments or challenges from the 
community in interviews or workshops during the day. Further, since the system ran on a 
laptop it required no additional infrastructure apart from occasional power to recharge the 
laptop’s battery. This was a great benefit in the severely power constrained conditions of the 
regions were the work took place. Not depending on a regular Internet connection also proved 
important, as speed was slow and connectivity intermittent.  
Rapid iteration in the field could in a way stand in place for the otherwise relatively slow 
iterations possible in-between visits to the field. This allowed bugs, kinks and details in the 
design to be quickly corrected, while leaving the major functionalities of the system intact and 
only changed between field visits. 
Finally, many of the realisations made during the design process could only have come from 
working with prototyping and designing in the field. The use of missed calls, the call rate 
packs and the development of a shared terminology would have been much more difficult – if 
not impossible – if not engaging with the users and the design directly in the field.  

6.5.1 Entering the field 
Special consideration was taken in this project to the process of introducing the researcher 
and beginning the interaction with the farmers in the field. This was seen as important as the 
partner organisation extended their influence over as well as trust built with the farmers to the 
project and the researcher. In this context, being aware and mindful of the relative position of 
power a researcher in ICT comes from – especially one from a western country – is crucial. 
Technology is associated with generally positive ideas of modernity, efficiency and efficacy 
and therefore commands attention and interest.  
Beyond that, statements of other HCI researchers and practitioners in the field (Anokwa et al. 
2009) about the challenge of accessing honest feedback and participation in the design 
applied here too. As with any development intervention run by or in collaboration with 
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outside researchers, the expectation of the target group for direct or indirect benefits can lead 
to overly positive feedback. Working with field staff and organisations that have an on-going 
and open dialogue with the participants and allowing the field staff to drive many of the 
dialogues and exercises was a helpful way to ensure that the design activities take place 
within an already open channel of trust and communication. This requires the designer or 
researcher to take a step back and at times consider a much more indirect role than when – for 
example – working in more technologically developed contexts (such as in corporate 
environments in India or elsewhere).  
Finding sceptics within the organisation and among farmers’ groups was another valuable 
tool to maintain grounding and find valuable feedback. Sceptics helped highlight the 
boundaries of what the application might conceivable achieve, as well as raised valuable 
concerns about whether the application could serve its purpose at all (or in what form it 
could). 

6.5.2 Narrative based design discussions & user-to-user training 
As mentioned previously, it was early on identified that abstract discussions of design tended 
to generate lower participation. Another approach taken to create improved conversations 
about the design was to use narrative approaches. In the design workshop we developed both 
a form of “persona” that was described by the farmers themselves but also a number of “user 
stories” or “scenarios” based on what this persona might do, think or perceive. Using concrete 
language developed from functional prototypes, this allowed us to pose and describe 
hypothetical situations and abstract workings of the system with better success than when 
simply using an interview format, drawings, paper prototypes or sketches. 
In order to more firmly enable a shared design language we regularly had more experienced 
participants describe the system to less experienced ones. This worked especially well in 
order for us to handle the fact that most users would not be able to arrive all at once at a 
specified time for group discussions or workshops. We adapted to this by beginning 
interviews or workshops with part of the group and then allowing early arrivals to re-iterate 
and introduce the work done to latecomers. Integrating as many occasions as possible for 
user-to-user description of the system was beneficial as it highlighted what the users 
understood about the system, which of the vocabulary and terminology they appropriated (or 
supplanted) more easily (and preferred) as well as what was unclear and needed more work 
on. A specific focus on language used, as well as terms that were unclear (or functionalities 
which the user faced difficulty describing) was an important part of this. 

6.6 Achieving Development Impact 
While not aiming to achieve direct development goals in the limited time period that this 
project was undertaken for, certain themes of how this project could serve as a starting point 
or inform further projects are discussed below. I argue below that in evaluating the 
appropriateness, outcomes or success of a design there needs to be a specific understanding of 
how the design fits into the development context – in general taking issues such as gender 
into account and in this specific case thinking about how agricultural sustainability is 
promoted through the design chosen. 

6.6.1 Sustainability and impact on application design 
The organisation which this project was based within has specifically been formed to promote 
sustainable agriculture – agriculture which can long-term be positive both ecologically but 
also for farmer livelihoods. This entails the promotion of certain practices (integrated pest 
management, organic farming, long-term water resource management) that are deemed to 
promote sustainability.  
However, the emphasis on sustainability goes beyond content and also touches on 
epistemology - especially ideas held by users and participants in the design of what 
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constitutes valid, useful and valuable knowledge as well as who possess such knowledge. 
This impacts all elements of the design and even the underlying idea behind the tool being 
developed. Having this in mind, the concept of an advisory service built around questions and 
answers can be viewed critically from the perspective of what knowledge structures it 
encodes as well as what ideas of agricultural practice it enables. As highlighted in the 
evaluation by the organisation staff member of the Q&A application the idea that pest 
problems can be solved in a Q&A format is intimately linked with the concept of “applying 
medicine” to fix plant problems. In a way this stands in opposition to integrating pest 
management into the long-term design of the farm. As such, it must be recognised that a 
Q&A advisory application promotes a certain way of thinking around agricultural problems 
that, while it may be useful to the farmers, may not be long-term sustainable.  
Further, the various roles different users are given within the context of designing the 
application and as users of the application also encodes power. In the context of the current 
application it can be seen in who asks questions and who answers them and in the distinction 
between “experts” and others. Many promoters of agroecology and sustainable agriculture 
(such as Altieri & Nicholls, 2005) specifically argue that this type of separation of different 
domains of knowledge is one reason for problems related to agricultural sustainability. 
The idea of sustainability therefore becomes a consideration in content, structure, user roles 
and even in the type or form of application designed. This hints at a need for a deep 
integration between the forms that ICT interventions take and the long-term political and 
social development aspirations and visions of the community of users (in this case including 
both the organisation and the famers).  
In other ICT4D interventions informally studied as part of this project the ICT designers did 
not take a strong active position on their role in promoting certain developmental results nor 
certain power relations, but rather emphasised their collaboration with development agencies 
as defining development outcomes and roles. Yet, it was clear in this project that the ICT 
researcher is often a very active party in suggesting the type of applications that can be built 
and what sort of functionalities can be offered.  In doing so, the ICT researcher – whether he 
or she intends to or not - takes a very specific role in producing certain types of power 
relations and epistemologies (see for example Avgerou, 2008; Walsham, 2013).  

6.6.2 Gendered aspects of ICT 
While not specifically a focus of this work, the fact that we worked mostly with women in 
Sundarban is worth noting. First of all, it clearly showed how mobile phones in this context 
were a technology which women were comfortable using as well as had already appropriated 
into their daily lives. Throughout the two iterations there was no gendered difference in the 
responses we received or ability to use the service (rather the trials indicating that female 
users did better with the service).   
In general, female participants in the workshop and interviews were more vocal and provided 
more feedback than male participants. This might stem from women’s groups in the area 
being strong and having previous experience of participatory approaches.  
In Purulia, the participants in the project were all male and the impression was that women 
were much less engaged with the work of the local organisation as well as in agricultural 
activities. In such a context, if long-term work would be conducted it would be beneficial to 
take a more developed gendered approach as part of the methodology – looking perhaps 
initially at gendered difference in mobile phone use as well as agricultural practice and then 
thinking about how introduction of ICT would either support or challenge existing gender 
structures. This would require ensuring that design work could be effectively conducted with 
both male and female groups, which might itself have implications for methodology (such as 
gaining trust and / or permission to work with women).  
Gendered differences would also be relevant when considering which type of advisory to 
provide on a service like this. If women in a specific region are not actively involved in 
agricultural practice, other areas might need to be included to provide better inclusion in the 
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intervention. Further, even within agricultural practice gendered differences should be 
considered in the design. In Purulia men were the drivers of the annual rice harvests, but 
would migrate during the leaner seasons. Women’s involvement in agriculture might be 
closer to the home, focusing on kitchen gardens providing additional nutritional security. This 
type of understanding might be encoded (or challenged) through the design of the application 
by choice of, for example, which crops to focus on or through which users to work with.  

6.6.3 Embedding the design in the development context  
Building on the embedding of the sought impact outcome as well as gendered dynamics into 
form, content and function of ICT applications discussed above, it should be clear that ICT 
designers in a development context need to be aware of both the local socioeconomic as well 
as political situation in order to not – by default – embed existing power structures (or even 
create new ones) and dominant practices.  
An inquiry into the interaction between the technological tool and the social, political and 
economical conditions of the local area should be a requirement, as should a deep 
understanding of the development outcomes sought (Avgerou 2008). Whether the researcher 
or designer wants it or not he or she is part of a political performance – perhaps even more in 
the implementation of technology than in certain other development interventions considering 
the discursive and material connection between development, technology, modernity and 
progress.  
This type of inquiry and understanding needs to be ongoing and reflexive. In order to achieve 
that, the method of embedding the researcher within the organisational and social context that 
is the target for the intervention has been effective for this project as well as others (Dearden 
& Rizvi 2008). I argue that to as large extent as possible design in this context should take 
place outside of the comfort zone of the researcher, with technology (and its representative: 
the researcher) in an enabling role rather than being the majority focus or concern. In this 
way, I believe there is a greater chance to develop technology interventions that may act for 
development – i.e. enabling other development interventions - not just in development (Heeks 
2008). This may further be a way to combat techno-centrism that otherwise can affect ICT4D 
intervention.  
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7 Future work 
The work conducted in this project can serve as a case study for both technical platform 
choice as well as design methodologies for future projects. The Q&A system provides a 
useful test of both the interaction modality and the platform, providing a basis on which other 
applications should be built and tested. Examples of future applications could be voice based 
knowledge databases or FAQs, resource sharing and buy/sell/trade forums. Seeing how 
asynchronous or asymmetric voice-based systems in this project as well as others (Patel et al. 
2011; Vashistha & Thies 2012; Mudliar et al. 2013; Patel et al. 2010) have demonstrated their 
usability as well as low running costs additional work in this field could also explore the 
cost/benefit of asynchronous voice message based systems in comparison to other ICTs in 
agriculture or other fields. 
In the context of agriculture, at present all but one (Patel et al. 2010) of the examples of 
farmer query systems reviewed (see for example Goswami et al., 2010; D. Kumar, 2005; 
Svensson & Wicander, 2010) were based around a live operator call centre. Asymmetric 
Q&A agricultural advisory applications could also be evaluated and contrasted with live 
operator call centres on technical factors such as accuracy and usability of answers provided, 
cost to implement and maintain as well as user satisfaction. The potential for users to acquire 
the habit of using an asynchronous system and thus modifying the way they pose their 
questions and queries could also be explored in future work. 
The long-term suitability of the low-cost design suggested in this report should be evaluated 
in the field specifically looking at its robustness and maintenance needs, as this is otherwise 
its major draw back as compared to centrally hosted systems. Further, looking at the 
possibility for these type of interfaces to scale, a common platform for programming and 
distributing voice applications could be designed along the lines of Open Data Kit (Hartung, 
Lerer & Anokwa 2010). While Open Data Kit (ODK) does offer a voice component, by 
building on this work as well as others (Patel et al. 2011; Vashistha & Thies 2012) it should 
be possible to offer much more complex interaction patterns than the survey format of ODK.  
At scale, decentralised designs such as the one deployed for this project could be provided 
with functionality to aggregate the data collected, tag or otherwise process it using manual, 
semi-automated or fully automated strategies. Using the example of the Q&A system this 
could for example be used to develop maps or overviews of which crops and what problems 
farmers face on a regional scale.  
When it comes to participatory design (PD) practices, developing the connections between 
practices employed in development organisations (such as PRA) and those within PD seems 
an important way forward. As this project highlighted integrating with already existing 
participatory practices used in the institutional context helps enable PD. This can also serve as 
a helpful parameter for choice of partner. Future projects could develop structured means of 
translating PRA tools and terminology into packages of practices for PD and vice-versa. 
Using narrative workshops as has been done in this project could provide one such practice.  
Finally, the deeper connection between environmental sustainability in the development 
intervention and the design choices made when developing ICT applications should be further 
considered. This project has brought up and discussed some of the critical considerations that 
need to be made when evaluating a system from the perspective of promoting development or 
sustainability. Further critical analysis of ICT’s fit with development and sustainability should 
be conducted. Future work should focus on making more clearly visible the way in which 
power-relations and epistemologies become encoded in and in turn produce the ICT 
applications we build; ideally producing guidelines for ICT researchers to use in order to 
design and analyse their interventions on that basis.   
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8 Conclusions 
This project has aimed to explore context specific constraints and opportunities to the 
application of ICT as well as participatory ICT design within sustainable agricultural 
development in West Bengal in India.  I set out to answer three questions through the project. 
First of all what appropriate ICT interventions using mobile phones in the context of 
promoting sustainable agricultural practice in West Bengal, India are. 
To answer this, a simple low-cost technological platform was developed and implemented, 
providing an easy way of integrating mobile phone based ICT into local development work. 
From testing and development with farmers’ groups as well as NGO representatives it was 
found that interactive voice response (IVR) based interactions were both easy to develop 
using locally available materials as well as easy to use for the end users. The platform cost 
less than $100 to install and provided with GSM connectivity through a local SIM card. The 
software and configuration was based on open source software and customised using simple 
tools. The full package of software could be delivered to the end user in the form of a memory 
card to be installed onto the pocket-sized hardware device.  
From the results of this project it is clear that this type of platform could be both designed, but 
also funded and implemented, by local organisations to serve various needs in their 
development work; whether it is in providing information, collecting data or knowledge 
sharing. Specifically, the platform did not require any new hardware for the users to get used 
to (or pay for), nor did it require large amounts of training. While it has some weaknesses – 
most critically in the required local expertise for management - the platform as well as the 
applications that was built on it can be argued to be appropriate to the context and provide a 
useful example of how to build ICT applications for illiterate, smallholding farmers and the 
non-profit agencies working with them.  
The focus on sustainable agriculture highlighted both the overarching as well as subtle 
considerations that need to be taken when building ICT interventions for a specific 
development goal. Such considerations included both content, but also form and even idea 
behind the application. As was done in this project, ICT researchers operating from the basis 
of the functionality or potential uses ICT have to extend their considerations to also include 
whether an application produces specific form of power-relations or epistemologies. 
Secondly, I intended to answer how existing participatory design approaches can be applied 
to the design and implementation of ICT interventions. In answering this, the experience of 
the local farmers’ groups and NGOs with participatory development practices served as a 
useful starting point. Integrating with already existing development methodologies such as 
Participatory Rural Appraisal highlighted the connection with participatory design in the form 
of terminology and practice which served to support the institutionalisation and integration of 
ICT design in their day-to-day activities. This was a way of both building capacity but also 
leveraging already existing expertise.   
The participatory design process also highlighted several important characteristics of the local 
context that could be incorporated into the design – such as how and when the users used their 
phones, how missed calls could be used to fund the service or which keys and what timeouts 
to use for the IVR menus. These characteristics could likely only have been identified using a 
deeply embedded and participatory process, making the case that this is a critical component 
of any ICT design for development. 
Finally, I asked what the socioeconomic and sociotechnical constraints to and opportunities 
for implementing ICT interventions in the local context are. Here I identified several already 
well-known opportunities such as the abundance of mobile phones and sufficient quality of 
mobile phone networks, but also more challenging aspects of conducting ICT design in this 
geographic and institutional context. Specifically, I found that in order to enable participation 
it was critical to early on move toward functional prototypes; applying as concrete language 
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and design tools as possible. Further, outside factors such as the agricultural calendar, 
environmental calamities, seasonal or circular migration by the participants are all constraints 
which need to be both expected and handled by the designer in way which is both ethically 
informed and sensitive to beneficiary needs and limitations. 
To conclude, this project provides a case study of how to go about introducing ICT in a new 
context, providing insights into what can be the type of constraints and opportunities that 
might be met with. Further, an example platform has been developed and presented which can 
be taken forward into new projects. I have also provided an example of the type of critical 
reflections around methodology required by any designer attempting to work in this field. 
However, while a suitable platform has been successfully developed using participatory 
design critical and difficult questions about epistemology and power-relations in ICT projects 
remain. Issues such as gendered use of ICT as well as how to align ICT intervention to the 
development goal must be taken forward on a continuous basis in any ICT4D project. It is my 
hope that this project has illustrated the importance of building on the political legacy of early 
participatory design practitioners – especially considering the application of ICT4D 
interventions among poor and relatively powerless groups such as small-scale farmers. This 
include being able to take the choice of not implementing or engaging with ICT projects 
where they are not relevant, might cause harm or become a distraction to more critical needs. 
This thesis argues that there therefore exists a requirement on the researcher and designer to 
build understanding and sensitivity to local issues and contexts where implementation is 
taking place. As illustrated in this work as well as the work by others, this can be achieved 
effectively through embedding the research and design activities deeply within the target 
organisational and social contexts.  
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Appendix A.  
Checklist for GSM interaction 
• Ability to receive incoming calls from GSM 
• Ability to make outgoing calls to GSM 
• Ability to automatically playback sound files as part of the call 
• Ability to record voice from incoming and / or outgoing calls  
• Ability to send & receive SMS 
• Ability to receive dialed touch tone input (IVR) and record it 
• Ability to interact with the system via web pages (HTML)  
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Appendix B. Interview 
guides for iteration visits 

These guides served only as overview of what needed to be covered, and while these were the 
themes explored, the exact questions asked varied between meetings.  
 

• Introduction 
Begin with an introduction to a sample prototype testing the functionality of it. Use 
that testing of a sample prototype as a baseline for the conversation, focusing on any 
difficulties or problems faced. Reference back to previous interviews! 

o How did you find the instructions provided on the call? 
! Easy to hear? 
! Easy to understand? 

o Would you change anything about the way it worked? 
! (discuss any technical issues faced or other problems during the 

trial.) 
o Based on the discussion of needs we had previously [in previous visits] in 

what way do you think this can help you providing for those needs? 
! Does this seem a convenient way? 

o How would you explain the way this works to another farmer in the village?  
• Evaluation 

Begin with recap of why we ran this iteration and what we were trying to gather for 
information about this.  

o How many times did you call the service? 
o How did you find it was using the iteration? 
o What did you find was difficult to use about the iteration?  
o Did you face any problems? 
o Were the instructions clear? Would you rephrase them in any way?  
o What would you change about the way it worked? 
o How do you think we could extend this to make it work better for your needs 

(refer back to previous conversations)? 
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Appendix C. Interview guide 
for initial visits 

This was the basic interview guide used as a support during semi structured interview 
discussions in the initial visits to the field:   

• Biographic & farm 
o Name, age  
o How big is your farm? 
o What type of crops do you grow? 
o What kind of practices do you employ in your fields?  
o What sort of problems or challenges have you faced? 
o What kind of medicines do you use in your field? 

• Mobile phone 
o Do you own a mobile phone?  
o What mobile phone networks do you use? 
o Who do you usually call? 
o Where are you when you call? 
o What kind of things do you talk about over the phone? 

• Interaction with other farmers, organization and government 
o What does your interactions with other farmers in your village look like?  
o Tell me about times when you meet, where you meet, what you discuss 
o What about farmers in other villages?  
o How is your interaction with government officials? 
o What kind of government schemes do you make use of? 
o Tell me about the interactions you have with the organization (DRCSC or 

local field office)? 
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Appendix D. Workshop 
agenda 

Total time: 4 to 5 hours 
 

1. Introduction of all participants and presentation of the background to the project, the 
general terms of participation (anonymity, how the output will be used and how 
everyone’s participation might help). (15-30 minutes) 

2. Presentation by the more experienced participants about the previous iteration of the 
system (the voice diary).  (15 minutes) 

3. Creation of a narrative description of potential users of the system, base itself in 
existing examples of a farmer but make them detailed. (20-30 minutes) 

a. Use the already known farmers in the group to bring out examples, make the 
descriptions rich and document them graphically to be able to refer back to in 
other   

4. Creation of a few “problem” scenarios that the previously created user might face. 
(minimum 30 minutes) 

a. Use the previously recorded questions from farmers (from the voice diary) in 
case this proves difficult.  

5. Discussion about the way that a mobile phone system could be used to help the 
farmer solve this problem. (1 hour) 

a. Use narrative approach by focusing on the timeline of actions. 
b. Use PRA tools such as a timeline to visualise the temporal aspect of a mobile 

phone system. 
6. Critical discussion and analysis of the proposed interactions from the previous step. 

Use semi-structured focus group format / group interview to analyse different aspects 
of the design as emerge in the previous section (focus on: time taken, ontological 
categories, experience of the “hypothetical” user created in section 2). 

7. Lunch 
8. Practical testing of IVR interactions previously built with small modifications added 

during lunch.  
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Appendix E.  
Overview of system design 
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