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ABSTRACT 

The aim of this thesis was to generate a theoretical framework to help people 

understand how to better develop spatial data infrastructures (SDIs) in the Global South that 

could lead to addressing the challenges of access to location information for grassroots 

communities. This resulted in the deployment and extension of the hybrid collective and 

commons concept in SDI development. Current approaches to SDI development have 

neglected the grassroots and their location information needs as well as their potential to 

contribute to the SDI digital-knowledge resource, a shortcoming this thesis addresses by 

introducing what I term the “hybrid SDI collective” framework. I asked, “How can we 

understand the socio-technical infrastructure of SDI development in such a way as to ensure 

that SDIs in the Global South may be created and maintained?” I did so to enable the 

GIScience community to understand SDI development as a hybrid collective activity of 

laypeople, professionals, and non-human actants. Using a case study of smallholder farmers 

in rural Zambia involving semi-structured interviews, focus group discussions, using the 

Agile software development approach to develop a mobile GIS app, and field testing, I 

showed that an SDI can be developed from free resources and managed as a commons by a 

community made up of both experts and laypeople located in the Global South. I also showed 

that laypeople have the potential to make valuable contributions to digital location 

information and to the management of SDIs through their experience in managing commons. 

The significance of this study is that it informs our theoretical understanding of SDI 

development by focusing on resource-constrained and marginalised communities hitherto 

ignored. It thus informs our empirical understanding of participatory approaches to 

smartphone-based VGI. 
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1 INTRODUCTION  

Access to location information or spatial data is vital for decision-making (Sugumaran 

& Degroote, 2011). Examples include a family in the city deciding in which area to buy a 

dwelling, taking into account proximity to the nearest schools, medical facilities, and 

shopping centres, or a rural farmer deciding which alternative route to use to transport farm 

produce when a community-constructed bridge has just been washed away. In order to 

improve access to spatial data and cut down on data production costs, governments around 

the world, mostly in the Global North (Nedović-Budić, Crompvoets, & Georgiadou, 2011), 

have embarked on the development of spatial data infrastructures (SDIs), which Cooper et al. 

(2011, p. 10) describe as “an evolving concept for facilitating, coordinating, and monitoring 

the exchange and sharing of geospatial data and services, and the metadata about both.”  

The basis for spatial data sharing in SDIs encompasses policies, organisational 

mandates, data, technologies, standards, delivery mechanisms, and the financial and human 

resources necessary to ensure the achievement of the goals of the SDI (Williamson, 

Rajabifard, & Binns, 2007). The consequent challenge posed by these required institutional 

arrangements is the delivery time for an SDI and its products, coupled with associated costs. 

The length of time it takes to create the authoritative data for an SDI has been a source of 

concern, especially when it comes to responding to time-critical situations and emergencies, 

as the data is sometimes out of date by the time it is published (Elwood, Goodchild, & Sui, 

2012). Authoritative data is generally understood to be data that is generated by some 

government agency and is assumed to have undergone a series of checks to ensure its 

completeness, currency, and accuracy (Plunkett, 2014). It is this process of checks that takes 

a long time. This, along with other challenges, has slowed down the global SDI development 

agenda, especially in the Global South (Guigoz et al., 2016; Kalantari Oskouei, Modiri, 
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Alesheikh, Hosnavi, & Nekooie, 2018; Nedović-Budić et al., 2011). This calls for alternative 

or supplementary approaches to SDI development to address challenges related to the scarcity 

of geographic information science (GIScience) professionals, tight budgets on the part of 

governments, and (lack of) political will (Strobl, Belgiu, & Nazarkulova, 2012). The 

existence of these challenges is shown in the following paragraphs. 

The situation in resource-constrained parts of the Global South seems more dire 

(Guigoz et al., 2016; Kalantari Oskouei et al., 2018; Makanga & Smit, 2010). While many 

high-income countries have been making strides in the establishment and operation of SDIs 

(Tumba & Ahmad, 2014), the pace of progress in the Global South has been very slow and, 

in some cases, has even stalled (Makanga & Smit, 2010; Nonguierma, 2010). Countries in the 

Global South face constraints such as low levels of funding, poor information and 

communications technology (ICT) infrastructure, scarcity of geospatial datasets and 

GIScience professionals, insufficient political will, and limited awareness of the SDI concept 

(Eelderink, Crompvoets, & de Man, 2008; Musinguzi, Bax, & Tickodri-Togboa, 2004). 

These challenges limit the opportunities for tapping into an infrastructure that has great 

potential for supporting economic development and fostering good governance and 

environmental sustainability. SDIs achieve this by cutting down on duplication costs in the 

collection and analysis of expensive spatial data by providing a platform for accessing, 

sharing, and exchanging the data that already exists (Eelderink et al., 2008; Musinguzi et al., 

2004; Okuku, Bregt, & Grus, 2014). 

The key components of an SDI are data with its metadata, technical standards, access 

networks, people, and policy (Rajabifard & Williamson, 2001). As indicated in Figure 1-1, 

the ultimate idea is to provide a spatial data sharing platform for producers and improved 

access for end users, where access is facilitated by guidelines from policies and by networks 

through which the data is accessed and/or distributed. The networks must adhere to standards 
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that ensure geospatial interoperability and must be supported by Internet protocols and the 

wide variety of technologies used by both producers and end users. 

 

Figure 1-1   Nature of and links between SDI components (Rajabifard & Williamson, 2001, p. 5) 

The people are the GIScience professionals that create the spatial data and apply their 

expertise to prepare it for discovery, access, sharing, and exchange in the spatial data 

community, i.e., mapping agencies, academic institutions, governmental and non-

governmental agencies and organisations, and the private sector (Crompvoets, van Loenen, & 

Teeuwen, 2016). According to Rajabifard and Williamson (2001), the people component also 

includes the users of the spatial data and value-adding agents. The spatial data is made 

accessible through hardware and software referred to here as access networks. The access 

networks include a geoportal (a type of Web portal), which is the physical means of accessing 

the spatial data, and services such as displaying, editing, and analysis (Crompvoets et al., 

2016). Since the spatial data is coming from a community using varying software types, there 

is a need to agree on standards that describe communication protocols to ensure 

interoperability. The policy component refers to such issues as licencing agreements and data 

access guidelines (Steiniger & Hunter, 2012). The spatial data community and other users can 
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thus discover the data collected by other contributors and choose what suits their need. They 

can then either download the data through the geoportal or contact the producer or provider 

depending on their respective access permissions. 

In the following section I review the state of play of SDIs in the Global South, 

expanding on the challenges faced in SDI development.  

1.1 Spatial data infrastructures in resource-constrained contexts of the Global 

South 

If SDIs are indeed as important for development as described earlier, to what degree 

are they prioritised and implemented in countries of the Global South that struggle with 

resources for building SDIs? Taking this struggle one step further, potentially the most 

significant beneficiaries of an SDI in the Global South are those operating at the community 

or grassroots level, such as farmers, who might use it in their day-to-day operations such as 

organising crop collection. Countries of the Global South have a general experience of the 

grassroots being excluded from decision-making initiatives such as those that are provided 

for in SDIs (de Man, 2006). When SDI projects are embarked on, the grassroots are often left 

out, partly because they are not regarded as potential contributors of spatial data. Financially 

poor smallholder farmers, who ironically produce 75% of food commodities globally (Fanzo, 

2017), are thus affected by a lack of access to the more easily shared digital (compared to 

analogue) location information that SDIs provide. Yet this information could help them in 

their farming business and in the management of their local infrastructure (Cinderby, de 

Bruin, Mbilinyi, Kongo, & Barron, 2011; Lebourgeois, Begue, Degenne, & Bappel, 2010). 

Especially considering the proliferation of location-enabled mobile devices, it should not be 

the case that access to such information is limited.  
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In order to highlight the difficulties in the Global South, what follows is a review of 

the common SDI challenges faced there, organised around the SDI readiness index designed 

by Delgado Fernández, Lance, and Buck (2005). This index is used for evaluating SDIs, as 

seen in the case of Kenya (Okuku et al., 2014) and broader Africa (Mwange, Mulaku, & 

Siriba, 2018). It specifies five aspects requiring consideration in SDI establishment and 

maintenance: organisation, information, access network, people, and financial resources. 

1.1.1 Organisational challenges 

The model of the formal SDI assumes the existence of a political structure to initiate 

and drive the SDI agenda. This structure is expected to put in place legal systems to facilitate 

agreements between stakeholders and ensure adherence to corresponding interoperability 

standards. The GIScience professionals in many parts of the Global South have, however, 

struggled to woo politicians and policy makers into providing leadership in SDI development 

(Lance & Bassolé, 2006; Strobl et al., 2012). Some national leaders have not fully grasped 

the value or hidden potential of SDIs, thus contributing to slower rates of establishment and 

difficulty in sustaining existing initiatives (Makanga & Smit, 2010). 

Some government institutions fear a loss of control over spatial datasets, and this has 

also contributed to a reluctance to provide leadership in this endeavour (de Man, 2006). The 

fear is present partly because the spatial datasets they hold are deemed a potential source of 

revenue (Strobl et al., 2012). These types of fear-based power struggles related to GIS 

technologies are evident in Kenya, for instance, where in spite of public pledges to increase 

access to spatial information, the central government does not easily provide the information 

to planners at local government level (Williams, Marcello, & Klopp, 2013). This state of 

affairs is probably the reason for the absence of legal frameworks for the establishment of 

SDIs in most countries in Africa (Makanga & Smit, 2010). 
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The development of SDIs has also been held up because potential stakeholders have 

been concerned about cost recovery. A possible solution to these concerns could be the 

establishment of SDI strategies that produce short-term results, a conclusion reached by 

Bishop et al. (2000) in the context of Bangkok, Thailand.  

SDI initiatives in the Global South could benefit from a broadening of stakeholder 

involvement because this is likely to influence the successful implementation of these 

programmes (de Man, 2000, 2006; Martin, 2000). Hjelmager et al. (2008, p. 1300) define a 

stakeholder as “an individual or group with an interest in the success of an SDI in delivering 

its intended results and maintaining the viability of its products. Stakeholders either affect the 

SDI or are affected by it.” They include on the list of stakeholders a producer (a stakeholder 

who produces SDI data or services), a provider (a stakeholder who provides data or services 

to users throughout the SDI), and an end user (a stakeholder who uses the SDI for its 

intended purpose). 

The fact that, for example, only six out of 29 countries assessed in Africa by Makanga 

and Smit (2010) revealed satisfactory stakeholder engagement is an indication of the need for 

improvement in this area. This problem of limited stakeholder engagement extends even to 

the countries that have impressive strategies and political support in place, such as India, 

where its national spatial data infrastructure (NSDI) program has received little affiliation 

commitment from the large number of geospatial information producers in the country, and 

among the few that have shown interest, not many have made their metadata available (P. K. 

Singh, 2009). 

Stakeholders at the grassroots have the potential to contribute to the strengthening of 

SDIs by providing local knowledge (Elwood, 2008). Yet, as Elwood (2008) points out, “in 

many cases, grassroots groups are not afforded a formally recognised role in local 
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governance, but function more as ‘adjuncts’ to local government” (Elwood, 2008, p. 73). At 

the same time, she acknowledges:  

Grassroots groups’ strategies and priorities are often different from 

those of government actors, leading to a mismatch between grassroots 

data needs and data that are made available by different tiers of 

government. Data may not be available at a scale or resolution that is 

meaningful for the very small service areas typical of grassroots 

groups. Or, these groups may need attributes that are not available 

from existing public sources. Local government data may fail to 

represent the perceptions and priorities of grassroots groups, articulate 

spatial attributes in vocabularies unfamiliar to these users, or rely on 

semantic systems for describing spatial conditions that differ 

significantly from those of grassroots groups. (Elwood, 2008, p. 74) 

Could this be an indication of a need for a grassroots-driven SDI?  

1.1.2 Challenges in information availability 

The ultimate goal of an SDI is to facilitate the sharing of spatial information generated 

from spatial data holdings of various producers and providers. This process can only succeed 

with the availability of digital spatial data, motivated producers and providers, and the 

knowledge of technical standards for interoperability and metadata creation. This scenario is 

not adequately in place in many countries of the Global South, such as Nigeria, Ethiopia, and 

Thailand (Bishop et al., 2000; Eelderink et al., 2008; Woldai, 2002), and so needs to be 

addressed for the successful implementation of sustainable SDIs. 

GIS technologies and the spatial data they create are empowering for the institutions 

that possess them (Elwood, 2002). The costs associated with access to copyrighted and 
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licenced spatial data produced by those institutions can limit users to only those who can 

afford it (Williams et al., 2013). This scenario potentially elevates those privileged with 

resources for acquiring and managing GIS technologies at the top while marginalising the 

grassroots. The grassroots can be sidelined (de Man, 2006) due to restricted access to 

geographic information that would otherwise greatly facilitate the management of their own 

resources and improve their welfare. 

1.1.3 Challenges in access networks 

The successful implementation of an SDI depends on the physical infrastructure and 

software components that make the geospatial data accessible and distributable, using 

Internet technologies. This includes metadata editors and associated catalogue services, 

spatial data component repositories, client applications for searching and accessing spatial 

data, and middleware or intermediate geoprocessing services which assist the user in finding 

and transforming spatial data for use at the client side application (Strobl et al., 2012).  

Looking back in history, the creation of the Internet in the late 1980s raised a general 

interest in the use of ICTs worldwide. At the turn of the century, when the United Nations 

sought to reduce poverty in the world by setting the Millennium Development Goals (MDGs) 

(United Nations, 2014a), it became evident that ICTs were an important avenue for the 

information flow critical to realising these goals. The merger of this international 

development agenda with ICTs gave birth to information and communications technologies 

for development (ICT4D), a concept of harnessing ICTs for socio-economic development 

(Heeks, 2008). This idea raised hopes for the spread of ICTs in resource-poor contexts, yet 

some three decades after the emergence of the Internet, ICTs in many parts of Global South 

countries are yet to reach the majority of the population, especially the poor (Touray, 

Salminen, & Mursu, 2013; UNICEF, 2011), a disparity in ICT access generally referred to as 

the digital divide (ITU, 2014). For instance, the Internet penetration rates in Africa and Asia 
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are situated between 35.2% and 48.1% of the population respectively, both falling below the 

global average of 54.4% (Internet World Stats, 2017). What is implied by low levels of 

Internet penetration in the Global South is, on a practical level, the inadequate availability of 

the physical equipment that enables the interconnectivity of computers globally—for example 

fibre networks that are limited in extent, patchy power grids, and cell phone towers that are 

not widespread. 

The role of ICTs in achieving the Sustainable Development Goals (SDGs) which 

replaced MDGs is critical, especially in poorer countries, as was stressed in the foreword of 

the United Nations Secretary-General to the International Telecommunication Union in 2017: 

“The 2030 Agenda for Sustainable Development recognizes the great potential of global 

connectivity to spur human progress. It challenges us to ensure universal and affordable 

Internet access for all” (ITU, 2017, p. 6). These remarks, and the ITU’s outline of the ICT 

opportunities for each of the 17 goals, revive the hope for improved connectivity in the 

Global South to support, amongst other goals, spatial data access. The ITU report shows the 

potential of ICTs in achieving SDGs such as No Poverty, Zero Hunger, Good Health and 

Well-being, Quality Education, and Clean Water and Sanitation. These goals can further be 

supported with spatial information captured by location-enabled devices such as 

smartphones. 

Apart from the overall supporting ICT infrastructure, the other necessary aspect of a 

successful SDI is the actual GIS technologies that enable access to the spatial data. A quick 

measure of the implementation of this aspect of the access networks is the existence of 

clearinghouses or geoportals, which refers to the technology that facilitates the discovery, 

evaluation, and downloading of spatial data via the Web (Crompvoets, Bregt, Rajabifard, & 

Williamson, 2004; Crompvoets et al., 2016; Groot & MacLaughlin, 2000). In spite of this key 

role played by clearinghouses and geoportals, on the African continent, for example, only 
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South Africa, Zambia,1 Kenya, Libya, Gabon, and Ghana have functional SDI clearinghouses 

(Tumba & Ahmad, 2014). At the same time, operational SDIs are known to be intermittent in 

other parts of Africa, with those that are functional at one time being dysfunctional at 

another. Project-based clearinghouses are known to exist among non-governmental 

organisations (NGOs) in countries of the Global South, such as Somalia (Makanga & Smit, 

2010), but as can be expected, such activities have a limited lifespan. Figure 1-2 gives a 

picture of the global status of these spatial data access services, revealing a clear contrast 

between the Global North and the Global South.  

 

Figure 1-2   SDI assessment (GSDI, 2016) 

In the figure, only “geoportals” and “clearinghouses” (terms used interchangeably 

within the spatial data community) count as spatial data access services, since they provide a 

platform for accessing data from various providers over the Web, unlike the product portals, 

                                                
1 The Zambian NSDI geoportal was launched in 2018 (http://www.nsdi.mlnrep.gov.zm/). 
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which only provide access from a single provider. The areas designated as “project” refer to 

the mere existence of plans to establish geoportals/clearinghouses. Technological challenges 

such as those outlined are not insurmountable but do need to be addressed. 

1.1.4 Challenges with people: Human resources and end users 

People, both as implementers and users, are vital players in SDI development (Groot 

& MacLaughlin, 2000). At this point, the key implementers of SDIs are GIScience 

professionals, whose goal is to deliver spatial products and services to SDI stakeholders—

including end users—to support decision-making. These experts, however, have not been 

easy to come by (mainly because of the cost of training), and some of the intended 

beneficiaries, particularly the grassroots ones, have been left out of the development process. 

This situation can affect the effective realisation of the SDI goal, as has been the case in 

Nepal, where it has been observed that early involvement of the users would not only ensure 

the development of an SDI that better meets their needs but one that also functions in a 

sustainable way (Nama R. Budhathoki & Chhatkuli, 2004). 

Many countries in the Global South have limited numbers of GIScience 

personnel/human resources. For countries in Africa, for example, there is high turnover 

among the few GIScience professionals that exist, so additional strategies are needed for 

capacity building, and retention mechanisms must be put in place (Nonguierma, 2010) (see 

also Figure 1-3). Thailand also faces limited numbers of personnel skilled in spatial data 

handling (Bishop et al., 2000). However, there are some encouraging scenarios, such as the 

Caribbean region, where a number of countries are making good progress in terms of rising 

numbers of GIScience professionals and levels of SDI awareness. For example, out of the 

SDI Human Resource (People) Readiness Index’s ideal score of 1.0, Cuba, Jamaica, and the 

Dominican Republic scored above 0.7 (Delgado Fernández & Crompvoets, 2008). 



12 
 

 

Figure 1-3   Levels of professional skills in the geospatial sciences in Africa (Nonguierma, 2010) 

With the cost of training for, say, a bachelor’s degree that would equip the grassroots 

with GIS skills being as much as US$17,000 at the University of Canterbury (New Zealand),2 

US$13,200 at the Copperbelt University (Zambia),3 and US$9,400 at the University of 

Zambia,4 there is need for alternative affordable educational resources to address the problem 

of GIS expertise. On the other hand, hiring a GIScience professional to collect and analyse 

spatial data can cost as much as US$51,000 per year (PayScale, 2018). 

Limited awareness of the value of SDI initiatives can result in reduced involvement 

and appreciation of potential benefits of these initiatives. This has been found to be the case 

in many African countries (Makanga & Smit, 2010). India also faces the challenge of 

insufficient stakeholder involvement in NSDI development. P. K. Singh (2009) observed that 

among the stakeholder classifications, only policy makers, producers, and providers are taken 

into account in NSDI development in India, while the end users, including community-based 

                                                
2 https://www.canterbury.ac.nz/courseinfo/MyGetCourses.aspx?course=geog&year=2018 (excluding 

flight, visa, food, and accommodation) 
3 https://www.cbu.ac.zm/fees/  
4 https://www.unza.zm/fees-and-funding 
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ones, are neglected. This is in spite of indications that the local knowledge of the grassroots 

in communities is important for SDI development (Elwood, 2008). A lack of sufficient 

community stakeholder involvement can result in mounting pressure from donors, who in 

some cases have started inserting clauses in contracts to encourage open access to data for all 

and to ensure that end users’ data needs are not neglected (Lance, Georgiadou, & Bregt, 

2013). Improving the involvement of communities in SDI development and geoinformation 

handling could actually increase the number of well-equipped personnel. But what has 

resulted in this state of affairs? Perhaps it is because of challenges in financial resources. 

1.1.5 Challenges in financial resources 

Poverty eradication remains the greatest challenge facing the world today; the worst 

affected, in terms of poverty, are countries where low income levels are predominant (United 

Nations, 2014b). Low income levels tend to negatively impact on many other areas of day-to-

day life. This situation tends to keep the minds of affected people from thinking about ICTs, 

focusing instead on their immediate needs of clean drinking water, basic health infrastructure, 

and improved education systems (Munsaka, 2009). There is, however, a growing realisation 

about the value of information in national development and that ICTs have the capacity to 

provide more efficient means of transmitting this information to support developmental 

efforts. This is partly revealed by the ITU report that outlines the cross-cutting nature of ICT 

in achieving the Sustainable Development Goals (ITU, 2017). 

Establishing ICT infrastructure is a very costly venture and so remains a challenge for 

countries of the Global South. Yet this infrastructure only provides a platform for supporting 

technologies for the flow of information. When it comes to the development of the SDI to 

ride on this infrastructure, there is still the high cost to consider of digital databases and 

associated technologies that would support spatial data handling (Bishop et al., 2000; Onah, 

2009). The ITU has begun to support low-income countries of the Global South with funding 
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for the improvement of ICT infrastructure (ITU, 2014), which gives hope for the future. This 

support is, however, focused mainly on mobile cellular networks and not the geospatial 

technologies that are required in SDI development. The challenge, therefore, remains with the  

establishment of spatial data handling technologies which have largely been externally 

funded, as is the case in many African countries (Lance et al., 2013). Such external funding, 

which is normally project based, has had negative impacts on the sustainability of SDI 

development efforts as the funding often fails to survive the project phase, thus limiting 

geospatial information access to the communities that ultimately need it (Williams et al., 

2013). 

While a comprehensive SDI may be a potential solution for a decision-support 

system, the reality is that in many parts of the Global South, it may be too costly a venture for 

successful implementation. A brief look at the cost of products and services reveals alarming 

results (Oracle, 2018). For example, commercial GIS server software can cost as much as 

US$27,000 for procurement plus an additional US$15,000 annual maintenance fee. GIS 

desktop software can cost US$12,000 plus a US$2,600 annual maintenance fee5 (Idrizi, 

Zhaku, Izeiroski, Kabashi, & Nikolli, 2014). Additional costs relate to spatial data whereby, 

for example, high-resolution (e.g., 80 cm) satellite images to cover, say, the total area of 

Zambia, which is 750,000 square kilometres (Ministry of Lands, 2014) (see Appendix C), can 

cost as much as US$300,000 (LAND INFO Worldwide Mapping, 2018). It is no wonder that 

Zambia, which is in the process of developing a national SDI, has estimated the cost of that 

project at K200 million (US$16.7 million), which is about 0.31% of Zambia’s 2017 annual 

national budget (KPMG, 2017). 

                                                
5 The names of the software packages are not given in the source article to avoid conflict of interest and 

indirect marketing. 
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The full benefits of an SDI are only realised in the long term, and the initial costs far 

outweigh the immediate benefits to a community (Bishop et al., 2000). A design that provides 

for reaping benefits even in the intermediate stages is thus ideal. For instance, there are 

software development methods, such as the Agile approach (Boehm & Turner, 2005), which 

focus on developing a working prototype as quickly as possible to give a user an early picture 

of what is to come before the full implementation. 

Overdependence on external funding threatens the survival of SDI initiatives in many 

countries of the Global South where typical funding models include support from 

international donor agencies. The funding model of the Indian NSDI, for instance, includes 

an expectation, by the government, of donor funding to support the initial stages (Sarma, 

2003). P. K. Singh (2009) points this out as a major challenge for the Indian NSDI. The 

Caribbean region has also not been spared of the financial challenges in the establishment of 

SDIs, as shown by an SDI Financial Readiness Index score of below 0.5 (out of an ideal 

score of 1.0) for the 11 countries assessed, including Cuba, the Dominican Republic, and 

Jamaica (Delgado Fernández & Crompvoets, 2008). These challenges beg for solutions that 

may be found in the emerging trends and opportunities. 

The above scenario poses both challenges and possibilities for decision-makers, be 

they governments, non-governmental organisations, business organisations, communities, or 

individuals. Do governments with constrained or dwindling resources (in terms of budgets 

and skills for data capture and management) need alternative methods of capturing and 

handling this data? Is a grassroots SDI initiative a possibility? Perhaps alternative methods 

are needed that will result in cost savings in SDI development as well as empowerment for 

the grassroots. Approaches are needed that could improve data collection and handling, a 

faster delivery time for the SDI, and its location information (Strobl et al., 2012). This could 

be achieved by increasing the number of contributors, increasing access to location 
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information, and thus making better decisions for regional and national development. 

Potential solutions can be implemented making use of advancements in Internet connectivity, 

mobile devices, social media, and Web 2.0 technologies, which have enabled grassroots 

communities to become de facto producers of spatial information (Elwood et al., 2012; 

Hachmann, Arsanjani, & Vaz, 2018). Goodchild (2007b) refers to the voluntary activities of 

observing, collecting, and producing geo-information by the general public, in contrast to 

experts, as volunteered geographical information (VGI). Other authors refer to it as geospatial 

crowdsourcing (Dell’Acqua & De Vecchi, 2017). The outcomes of VGI or geospatial 

crowdsourcing are timely and less costly, but questions arise regarding their reliability for 

SDI input (Kessler, 2011). Despite these questions, there is potential power in the combined 

use of authoritative and crowdsourced data. The major challenge is the implementation of this 

integration (Elwood et al., 2012).  

One of the main issues with integration is that the organisation-driven SDI 

frameworks are large, complex (de Man, 2006), and difficult (costly) to change. VGI 

becomes particularly worthy of attention because the cost of capture and delivery of new 

information can be outsourced to the community. Governments often do not adequately 

respond to data requests, especially in urgent scenarios, due to the lag that large, complex 

systems have in the delivery of new data. In view of this situation, what are the prospects of 

developing a community-driven SDI—using VGI concepts—that integrates authoritative data 

rather than attempting to integrate crowdsourced geospatial data (VGI) into authoritative 

systems? The kind of SDI described by Cooper et al. (2011, p. 10) as one which mainly 

consists of VGI and one that “develops organically, not necessarily with a mandate, but 

driven by a perceived need.” This is worth exploring, especially considering that many parts 

of the Global South are struggling with the establishment of SDIs even without crowdsourced 

spatial data (Kalantari Oskouei et al., 2018). If anything, crowdsourced spatial data could 
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give a headstart to parts of the world that are resource-constrained since such data is less 

costly, is more readily available, and has a lot more potential contributors than in traditional 

SDIs.  

Can the Global South then focus on exploring this emerging potential, taking 

advantage of mobile devices/smartphones as the primary tool for data collection? Can the 

VGI concept be stretched beyond the data component of the SDI to encompass the people 

and technology (i.e., access networks)? On the other hand, VGI systems, or crowdsourcing 

platforms in general, hardly ever include the grassroots-user stakeholders in the development 

of the platforms. Their peculiar requirements are thus not sufficiently addressed in the 

development of the platforms. Can participatory geographic information systems (PGIS) 

approaches help to address this challenge? PGIS is a participatory mapping approach that 

emerged from rural areas of the Global South by integrating GIS into Participatory Learning 

and Action (PLA). It is regarded as a development tool to encourage empowerment of 

marginalised communities (Brown & Kyttä, 2014; Rambaldi, Chambers, McCall, & Fox, 

2006). But how might we deal with the limits of actual use of GIS by the grassroots, which 

PGIS does not provide for sufficiently? What would be the most workable approach for 

building the most suitable SDI that addresses the location information needs of grassroots 

communities? Can the science and technology studies (STS) hybrid collective concept 

(Callon & Law, 1995) help? This is why the thesis will explore the hybrid collectives concept 

as a possible alternative.  

Additional questions include, To what extent can the open movements such as open 

source software and open educational resources (OER) alleviate the scarcity of professionals 

and cost challenges that would lie ahead of such an SDI? How can a grassroots community 

self-manage such an SDI? An SDI of this kind seems to have the potential to empower the 

grassroots, who in the rural context are mainly smallholder subsistence farmers. Apart from 
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providing a source of information for decision-making in the future, the VGI initiative could 

in itself constitute a development process for the community. As they explore new ways of 

managing resources using emergent technologies they could be creating bonds and sharing 

skills, thus strengthening their independence from power structures and centralised control of 

their lives. Rather than being in direct control of the lives of communities, the state could 

instead support communities by providing enabling environments for them to self-manage. 

Self-management actually already exists in rural communities of the Global South where 

community resources are managed as commons (Federici, 2011). The commons concept can 

thus also be examined in order to find a sustainable solution for SDIs in the Global South. 

1.2 Research approach 

It is with the above thoughts in mind that I have approached this research, seeking an 

integrated solution that includes concepts from VGI, PGIS, the commons, and principles and 

resources of the open movement. I use the concept of hybrid collectives to do this, drawing 

on Callon & Law’s (1995) work as developed in Chapter 3. My thesis thus extends 

theoretical work on hybrid collectives with concepts of commoning to articulate a framework 

for the development of community-based SDIs. This framework has been partially tested in 

Zambia, where I conducted my fieldwork. 

My research is a contribution to the fields of SDI and VGI research, both of which 

emerged from the field of GIScience (Craglia, 2006; Goodchild, 2007a, 2010; Sui, 

Goodchild, & Elwood, 2013). It mainly borrows approaches from the concepts of VGI 

(Goodchild, 2007a) and PGIS and applies them to addressing challenges of location 

information access through SDIs by the grassroots communities under the umbrella of the 

hybrid collectives concept. The situating of SDI research in GIScience is based on the fact 

that SDI research is in line with the GIScience main research arenas proposed by Goodchild, 
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Egenhofer, Kemp, Mark, and Sheppard (1999, p. 742) in their review of GIScience. These 

research arenas are  

• the individual, as user of technology, observer of geographical 

phenomena, source of conceptualisations, and maker of 

decisions; 

• the system, defined as the entire complex of digital GI 

technologies and its supporting hardware, software, and 

networking foundations; and 

• society, including its institutions, customs, communities, 

norms, and standards.  

As this thesis will show, the above-mentioned GIScience research arenas encompass 

the components of SDIs—people, data, technologies, standards, and institutional 

arrangements. In my research I theorise an SDI as a commons and SDI development as a 

community-based activity. I theorise the community that commons the SDI as a hybrid 

collective, which I term a hybrid SDI collective. The hybrid SDI collective is the actor that 

brings the community SDI into being and maintains it. I explain these ideas further in Chapter 

3.  

I show, by conceptual design and partial implementation, how the integration of the 

material, digital, social, and economic components—in essence a hybrid community—of the 

SDI could address some of the limitations of traditional SDI designs in meeting the location 

information needs of marginalised communities of the Global South, such as smallholder 

farmers. Infrastructure is more than material; it includes governance/management and social 

and economic infrastructures as well. As such the community-based SDI is also a more-than-

material design, comprising the material (phones, cell towers, waves, satellites), digital 
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(information), social (users, stakeholders, commoners, governance), and economic (ongoing 

sustainability in funding, care, access, maintenance, ownership).  

The integration of the elements that form the community-based SDI could enable 

local communities to generate their own location information and manage the infrastructure 

through which it is generated. This information could support decision-making in relation to 

their farming business, resource management, and social and economic development. If fully 

implemented and spread throughout Zambia and the rest of the Global South, the community-

based SDI concept could contribute to empowering smallholder farmers and potentially 

alleviating their poverty. 

The following section outlines the research questions that guided the process of 

investigating a solution for improving access to location information and empowering the 

grassroots. 

1.3 Research questions and main argument 

The main research question to be answered by this research was:  

“How can we understand the socio-technical infrastructure of SDI development in 

such a way as to ensure that SDIs in the Global South may be created and maintained?” 

In order to simplify the research process, the main research question was broken down 

into the following research sub-questions, which form the themes of subsequent chapters: 

1. Who are the non-experts (laypeople) in the development of a bottom-up SDI 

and what is their context? (Chapter 2)  

2. What is SDI development from a science and technology studies perspective? 

(Chapter 3) 
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3. To what extent can free resources support the gathering of the elements of the 

SDI collective? (Chapter 4) 

4. What could community-based SDI architecture look like? (Chapter 5) 

5. To what extent can participatory approaches to smartphone-based VGI 

collection enhance the production of and access to location information for 

SDIs? (Chapter 6) 

6. How equipped is the hybrid SDI collective to manage the community-based 

SDI as a commons? (Chapter 7) 

In answering the above research questions, I argue that spatial data infrastructure can 

be developed from free resources and managed as a commons by a community of both 

experts and laypeople located in the Global South to address the challenges of access to 

location information for decision-making in socio-economic development for grassroots 

communities. 

1.4 Methodology 

The envisaged outcomes of the investigation in this thesis are a mobile app for an SDI 

and a Web portal for viewing, collecting, and managing spatial data, an open source server 

side of a community-based SDI, and a self-management model for the SDI as a whole. This 

section, therefore, focuses on the choice of methodology and methods that could best achieve 

this. Research shows that software development (e.g., of a mobile app) requires the use of 

both qualitative and quantitative approaches (Cohn, 2004; Leffingwell, 2011; Robertson & 

Robertson, 2012). Qualitative approaches are largely used in the gathering of requirements, 

for which interviews yield richer results. Usability assessment of the developed software 

requires both qualitative and quantitative approaches. Understanding the requirements of the 

prospective user(s) and arriving at a suitable community-based SDI management model can 
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best be achieved through interviews in order to appreciate existing management approaches 

in the community of users with a view of either drawing upon their strengths or proposing an 

entirely new approach. The research methodologies that use qualitative methods include 

ethnography, grounded theory, and action research (Gray, 2009; Patel, 2015). Ethnography 

involves immersing oneself in the environment of participants in order to understand their 

culture and goals, while grounded theory focuses on generating theory from empirical data. 

Action research, on the other hand, which is a form of applied research (Given, 2008; Whyte, 

1998), focuses on both action and research outcomes benefiting the participants, whose 

problem it solves, and the researcher, who gains deeper insight for contributing to knowledge. 

Although action research draws most of its methods from qualitative research, it also uses 

quantitative methods of creating knowledge (Gilmore, Krantz, & Ramirez, 1986; Gray, 2009; 

Waterman, Tillen, Dickson, & de Koning, 2001). 

1.5 Action research 

A reflection on the above research methodologies in relation to answering the 

research questions at hand indicates that action research is the methodology that fits in well 

as a means to producing the outcomes envisaged for this research in support of the main 

argument of this thesis. 

Below is an extended description of action research. 

Action research . . . aims to contribute both to the practical concerns 

of people in an immediate problematic situation and to further the 

goals of social science simultaneously. Thus, there is a dual 

commitment in action research to study a system and concurrently to 

collaborate with members of the system in changing it in what is 

together regarded as a desirable direction. Accomplishing this twin 
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goal requires the active collaboration of researcher and client, and 

thus it stresses the importance of co-learning as a primary aspect of 

the research process. (Gilmore et al., 1986, p. 161) 

As can be seen from the elements of this approach, it provides for a double focus of 

benefit to the participants and their community as well as an opportunity for the researcher to 

contribute to knowledge. An outcome of a mobile app for community-based crowdsourcing 

of location information demands working with prospective users in a particular context of use 

to enable the development of software that serves the intended purpose. Beyond the boundary 

of the software is the community in which the app is going to be used. All these preliminary 

ideas for a successful app and a trial of the concept of community-based crowdsourcing 

cannot be done in a laboratory set-up; thus the direction in which we are pointed in terms of 

the means to answering the main research question is that of the real-life context. Ultimately, 

action research in a given context or case study was adopted as it seeks to intervene in and 

change reality as part of the research process.  

Action research, as a holistic approach to problem-solving, allows for the use of 

various research methods. These methods include observation, questionnaire surveys, 

interviews, focus group discussions, and case studies (Gray, 2009). The role of the researcher 

in this approach is to implement the action research methodology in such a way that the 

participants are made ready to take over and maintain the alternative system that has been 

developed in their context. The researcher therefore serves as a planner, leader, catalyst, 

facilitator, teacher, designer, listener, observer, synthesiser, and reporter as they take the 

participants through the action research cycle. This cycle consists of identifying the problem 

(diagnosing), devising a plan (action planning), acting to implement the plan observing, 

collecting and analysing data (taking action), reflecting (evaluating), and sharing. Action 

research has been successfully used in information system development and GIS research 
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(Baskerville & Wood-Harper, 1996; Enid, 2001; Poudyal, Lidestav, Sandström, & 

Sandström, 2015).  

In this research, time could only allow for only one cycle of the action research 

process; it is also worth mentioning that action research was mainly used in answering 

research questions 1, 4, 5 and 6 (listed in section 1.3), which involved application 

development,  prototype testing and community-based VGI testing. Answering these four 

questions required more direct involvement of the grassroots research participants, working 

in collaboration with the researcher in their community towards improving their access to 

location information for better decision-making in the smallholder farming community. 

1.6 Research planning and methods 

In order to investigate potential solutions to the challenges of access to location 

information by the grassroots, I needed a community to work with, one that would be a good 

candidate as both a source and beneficiary of the spatial data the project would generate. 

Spatial data is used in varying contexts and for various purposes to support decision-making. 

Therefore, selecting a community that is already pursuing an activity would make evaluation 

a lot easier. Considering that one of the weaknesses of the SDI development process is the 

marginalising of the grassroots (de Man, 2006), such as smallholder farmers, who are 

nonetheless key players in global food security, I thought smallholder farmers were a good 

fit.  

As for the choice of a specific country for the research location, it was mainly 

influenced by my personal experience as a Zambian GIScience professional and my own 

observations in that capacity of the Zambian situation, which to me seemed ripe for 

alternative ideas for SDI development. I needed to start somewhere in contributing to 

solutions for the Global South, and limiting the project to Zambia seemed like a good idea. 
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This choice was also influenced by the conditions of the NZAID/Commonwealth scholarship 

I had won, scholarships that are designed to equip the sponsored researcher with skills to 

contribute to the social and economic development of their home country (MFAT New 

Zealand, 2014). In Zambia, 60.5% of the population lives in rural parts of the country 

(Central Statistics Office, 2012) and gain their livelihood through farming. Empowering this 

population with access to location information and the ability to contribute to the creation of 

such information could be for both their good and the good of the nation. The other 

advantage of carrying out the research in my home country was the hope it gave for the 

continuity of this project post-PhD, something that should be encouraged in all types of 

research, rather than the mere use of the research participants to gain an academic 

qualification. A case study approach among smallholder farmers in rural Zambia was 

therefore adopted, using semi-structured interviews, user stories, the Agile software 

development approach, and focus group discussions (see Figure 1-4 for overview of 

methods). A case study is an in-depth look at a single subject. Gerring (2004, p. 342) 

concisely defines it as “an intensive study of a single unit for the purpose of understanding a 

larger class of units.” It was therefore my goal to select a representative case, site, or context 

to explore an alternative approach to SDI development that could be used in other parts of the 

Global South—an approach that regards SDI development as a hybrid collective activity, 

with the hybridity of the collective being key to the development of an SDI that meets the 

needs of a grassroots community. 
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Figure 1-4  Overview of methods used in this thesis 

The fieldwork in Zambia was designed mainly to help answer the last two research 

questions, which are repeated here: 

1. To what extent can participatory approaches to smartphone-based VGI collection 

enhance the production of and access to location information for SDIs? (Chapter 6) 

2. How equipped is the hybrid SDI collective to manage the community-based SDI as a 

commons? (Chapter 7) 

The above research questions were essentially concerned with examining the 

behaviour of rural smallholder farmers around a location information app in their natural 

social, cultural, and political setting, as opposed to an artificially constructed context (e.g., in 

a lab-based controlled study). The reason a natural context of use was preferred is that 

understanding the users’ (in this case the farmers’) world and their perception of it is 
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important. This understanding can be gained through interaction with them and through 

observation/interpretation of their actions as they execute tasks using the technology placed 

in their hands. Insights were needed into their experience with the technology and the 

sustainability of the spatial data collection platform if left with them to manage. Such insights 

and depth of information are known to be best collected through a qualitative research 

approach (Hay, 2016). A quantitative approach, on the other hand, is better suited to enquiries 

that are more concerned with the analysis of large quantities of data using statistical 

techniques. With my relatively small sample of 20 research participants and considering the 

need to review their data, such an approach would not yield the desired quantitative results, 

and the information produced would not be sufficiently large to be analysed by statistical 

means. Thus the choice of a research methodology that includes the use of qualitative 

approaches was made because it allows for investigative techniques or data-gathering 

methods that are most suitable for effectively answering my research questions. As indicated 

above, these methods include in-depth interviews and focus group discussions coupled with 

observations (Hay, 2016; Steinberg & Steinberg, 2015). Details about the exact location of 

the research site and the participant selection process are provided in Chapter 2. 

Focus group discussions (e.g. Chilisa, 2011) were conducted prior to the prototype 

testing exercise (covered in Chapter 6) as a way of collecting information that would help 

assess the social issues that could have an impact on the sustainability of the concept in the 

community, should the project be implemented in the future. Another set of focus group 

discussions was conducted after the users had had the mapping experience with the 

developed mobile app to collect location information in their community. This was for the 

purpose of understanding usability issues that arose in the course of mapping with the mobile 

app so that recommendations could be made for improvement. The focus group discussions 
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were recorded, transcribed, and analysed in order to provide support for my central thesis. 

Details of methods are provided in respective chapters. 

1.7 Ethics 

Exciting as it may be to get on with fieldwork and obtain results, after completing the 

research plan it is important to pause and reflect on the value of a research project to the 

participants and consider matters that concern them. This reflection also helps to prepare the 

researcher for the environment in which the data collection will be conducted. Scheyvens 

(2014) acknowledged that ethical considerations have become an important aspect of 

research in recent decades. They are meant to avoid the exploitation of research participants 

or their mere use as guinea pigs without paying much attention to the benefits that the 

research holds for them. Nielsen (1993) advises strongly against referring to research 

participants as “guinea pigs” or “subjects” and instead recommends “participants”, 

“evaluators”, or “test users”, as in the case of research involving testing the usability of a 

software product. 

The potential for exploitation, especially in many parts of the Global South, exists 

because of class variance between the researcher and the researched, which might put the 

researched at a disadvantage. Ethical considerations are important to ensure that the 

researcher is equipped to go into the field with the right attitude of sensitivity and respect and 

a goal of building relationships that will be mutually beneficial. Standards of what is ethical 

provide a vital basis for making choices in the course of research, rather than merely what 

produces the best results or following the most efficient approach. 

These ethical concerns included informed and voluntary consent, privacy and 

confidentiality, data storage, and future use. In addressing these concerns I presented a 

summary of the research project to the research participants through an Information Sheet 
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(see Appendix B) as part of the recruitment process. This summary included the role they 

were expected to play, and the data collection methods I was intending to use, and the 

duration of the processes. It also included the steps I would take to ensure privacy, 

confidentiality, and future use of the data I collected from them. Their consent to participate 

was sought through an Interview Consent Form (see Appendix B), which each of the 

participants signed. 

The following section provides a general outline of the chapters of the thesis. 

1.8 Thesis structure 

Chapter 1 introduces the research problem and outlines the research questions and 

methodology. It also explains the importance of ethics in research and the measures taken to 

ensure that the guidelines provided by the Human Ethics Committee of the University of 

Canterbury were followed. Chapter 2 provides details of the target users of the proposed 

grassroots SDI, their context, and their information needs. Chapter 3 theorises the 

development of a community-based SDI as a hybrid collective activity (based on STS 

scholarship) and the SDI itself as a digital-knowledge commons brought into being and 

maintained by the collective. The theorised framework introduces the term “hybrid SDI 

collective” as the heterogeneous community that commons the SDI. Chapter 4 reviews the 

free resources of the open movement for SDI development, termed in the hybrid collective 

concept as the “gathering” of elements of the collective. The first part of the chapter focuses 

on the free mapping resources and free educational resources that are to be a part of the 

network that acts to build the grassroots SDI. The second part reviews open source software, 

revealing the maturity of open source technologies in supporting SDIs but also exposing a 

gap in suitable mobile apps for community-based crowdsourcing of spatial data. The 

activities of Chapter 5 are what the hybrid collective scholarship refers to as “reassembling” 
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the SDI commons. It presents the architecture of a community-based SDI, showing how the 

various open source technologies gathered in Chapter 4 would interact to support it. The 

chapter also details the development process of a mobile crowdsourcing app that fills the 

abovementioned gap in open source technologies.  

The prototype testing of the crowdsourcing tool and the testing of the hybrid 

collective concept in SDIs are presented in Chapter 6, in the context of the rural smallholder 

farming community in Ibenga farm block in the Mpongwe district of Zambia. The chapter 

highlights the experimental mapping procedures carried out to prove the concept of 

community-based geospatial crowdsourcing and evaluate the prototype of the mobile app 

designed and built by members of the hybrid SDI collective—the researcher designing the 

app with the help of smallholder farmers and the software developers building it. The 

evaluation of the prototype and the experimental mapping activities were mainly carried out 

through focus group discussions, whose results are also presented in Chapter 6. Chapter 7 

consists of a proposal for a self-management model for the community-based SDI, drawing 

ideas from the concept of the commons. It presents the results of another set of focus group 

discussions which revealed the existence of commons in the community, from which ideas on 

the sustainability of the SDI were partly drawn. Chapter 8 summarises the contributions of 

each chapter to supporting the central thesis and concludes with a summary of the thesis’s 

contribution to spatial data infrastructure research within the field of GIScience—a process 

related to the “translating” concept in hybrid collectives scholarship. Suggestions for further 

research are also made in the same chapter. 

The next chapter presents a review of SDIs in the Zambian context, providing details 

of communities whose location information needs are not adequately catered for by formal 

SDIs.  
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2 GRASSROOTS STAKEHOLDERS OF SPATIAL DATA 

INFRASTRUCTURES: THE ZAMBIAN CONTEXT 

2.1 Introduction 

The design of an SDI requires the early involvement of the envisaged users as well as 

an understanding of their context as this ensures an outcome that meets their needs. For this 

reason this thesis begins by introducing the project’s target user community, which consists 

of smallholder farmers in the Zambian rural district of Mpongwe. The chapter answers the 

first research question: “Who are the non-experts (laypeople) in the development of a bottom-

up SDI and what is their context?”  

The chapter therefore begins with a description of the broader context (with respect to 

SDI development) of the target users, followed by details about their immediate context. It 

proceeds to describe the target users themselves who participated in the research in order to 

draw a picture of their cultural background and location information needs. 

2.2 State of play of SDIs in Zambia: Broader context of users 

Zambia is currently making a second attempt at establishing a national SDI (see 

Appendix C). With the National Land Audit Programme (NLAP) on the national agenda, the 

national mapping agency, in consultation with other key geoinformation producers/providers, 

has seen the need to revive the 1999 (NRSC, 2010) efforts to establish a national platform to 

facilitate and coordinate the access, exchange, and sharing of spatial data between 

stakeholders. In 2015 the Cabinet Office appointed a steering committee, consisting of 

institutions that are regarded as the key stakeholders, to spearhead the process. They 

supported it with a budgetary allocation. This national SDI budget includes the cost of setting 

up the technological infrastructure, the acquisition of high-resolution satellite imagery, 
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undertaking aerial photography, and densification of township cadastral control. It also 

includes capacity building and development of policy and a geoinformation institutional 

arrangement framework, clearly catering for the key components of SDIs.  

These developments provide an example of a pocket of hope to trouble-fraught 

government-led SDI development efforts in the Global South. In order to obtain a clearer 

picture of the state of play of SDI development efforts in Zambia, I embarked on a data 

search using the methods outlined in the following section. 

2.2.1 Method 1: Semi-structured interviews and secondary research 

I conducted semi-structured interviews to obtain information from formal producers 

and providers of spatial data regarding the state of play of SDI development in Zambia. This 

information was supplemented with secondary research. The purpose of the interviews was to 

gain deeper insight into these institutions as far as their role in SDI development is concerned 

as well as an indication of the type of location information being collected by these formal 

producers/providers of spatial data. I managed to secure appointments with GIScience 

professionals from eight of the institutions regarded by the government as key stakeholders in 

the establishment of a national SDI. Each interview lasted between one and two hours.  This 

was part of the process of assessing the feasibility of building a bottom-up alternative SDI 

that could produce/provide similar data as well as fill some of the existing gaps in the 

development and outcomes of formal SDIs. What technologies might the community of 

smallholder farmers need to enable them to produce similar data, since most types of 

resources and infrastructure mapped by these institutions are present in the rural 

communities? For, if well equipped, these communities could be empowered to map their 

own resources––collecting data specific to their location information needs. The other 

motivation for the interviews was to get insight into how the community-based SDI could 

benefit from the involvement of these institutions if they came on board and contributed their 
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spatial data onto the community-based SDI platform. The data collection also included 

secondary information from documents that were shared with me by the respective SDI 

stakeholders. 

My findings, analysis, and discussion are presented in the following section. In my 

presentation of the section I relate the data collected on each respective formal stakeholder 

with the some of the location information needs of the marginalised stakeholder community 

or their potential to contribute to spatial data. 

2.2.2 Broader context of users: National SDI and stakeholders in relation to the target 

community 

The wave of SDI initiatives as seen in Section 2.2 indicates a hunger for success, as 

further evidenced by the national SDI technical training workshop in August 2015, to which 

institutions envisaged by the government to be stakeholders were invited. Having become 

aware of the upcoming workshop, I requested from the Surveyor General, who was the host, 

permission to attend the seminar in order to get the latest on the development of an NSDI in 

Zambia so that I might better appreciate the broader context in which would sit the envisaged 

grassroots SDI, which had to meet the needs of smallholder farmers holding land within a 

customary tenure system under traditional rulers. Attending the workshop also provided an 

opportunity to make contact with prospective interviewees also in attendance—stakeholders 

who were mainly institutional producers/providers of spatial data. 

The national SDI was set to be the key source of location information to support the 

National Land Audit Programme, whose overall objective was to “investigate and compile a 

comprehensive, accurate, and reliable database of all land parcels in Zambia in order to 

enhance good governance, decentralisation, transparency in land administration, forestry and 

environmental management and thus contribute to sustainable socio-economic development”. 
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The NLAP was designed to cover land under both state and customary tenure. Among other 

factors, the programme has been motivated by the government’s “lack of a comprehensive 

record of all the land in the country”. The implementation of the programme is planned to be 

in collaboration with local institutions including traditional establishments and community-

based organisations (CBO) over the period 2016–2021. The focus of NLAP is on the 

following major land-use categories in the country: mining, agriculture, heritage sites, forest 

reserves, national parks, game management areas, industrial and settlements (planned and 

unplanned) (Ministry of Lands, 2014). 

In spite of this high level of organisation and government support, the Surveyor 

General, who is the head of the national mapping agency, acknowledged that the work was 

still overwhelming and costly and so was open to low-cost alternatives to support the current 

initiatives to cover the 750,000 square kilometres of the country of Zambia. At the same time, 

some of the potential issues had already been tabled, such as whether there should be a 

charge for the data discovered on the national SDI geoportal once it was established. A few 

stakeholders seemed hesitant to give up what they had worked very hard for. 

The stakeholders identified as key for the national SDI development agenda in 

Zambia are the Survey Department (ZSD), National Remote Sensing Centre (NRSC), Road 

Development Agency (RDA), Central Statistics Office (CSO), Meteorological Department, 

Geological Survey, and Lusaka Water and Sewerage Company (LWSC). As can be seen, 

individual users and grassroots communities are not regarded as stakeholders in the national 

SDI agenda. It could be because they are not regarded as potential producers or users of the 

envisaged formal SDI. This already indicates the need for a bottom-up SDI that empowers 

those stakeholders who are sidelined and gives them the ability to create their own location 

information which will be easily accessible to them. The government’s SDI stakeholders, 

most of whom were present at the stakeholder training workshop organised by the Surveyor 
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General, are described below. In the following paragraphs I provide brief profiles of these 

stakeholders obtained from interviews I had with them.  

The Survey Department, which is the national mapping agency, is spearheading the 

development of Zambia’s NSDI. This role was previously held by the National Remote 

Sensing Centre in earlier attempts at setting up an NSDI in the late 1990s, following the 

Statutory Instrument (No. 137 of 1999) mandating it. The Survey Department is responsible 

for publishing countrywide location information in the form of maps and aerial photos at 

various scales to support decision-making in social and economic development. At the time 

of my 2015 fieldwork, this location information was not available for my research location, 

Mpongwe district. This was a clear indication of the scarcity of location information that was 

relevant not only to agricultural officers but also to community development officers, the 

traditional establishment, and community members who were involved in various 

developmental and farming activities for the wellbeing of their respective areas.  

The National Remote Sensing Centre (NRSC) is another key institution in Zambia’s 

SDI development because of its role as a centre of excellence for processing, archiving, and 

disseminating remote sensing data. At the time of my field trip to Zambia, there were no 

satellite images of Mpongwe district, further indicating the scarcity of spatial data and limited 

access to data by local communities who were at the centre of community development.  

The Road Development Agency (RDA), yet another key stakeholder, is responsible 

for the national road network in terms of supervising new road projects and maintaining old 

ones. They have contracted a company that periodically maps the entire road network in the 

country by Global Positioning System (GPS) and records its state. Their key contribution to 

the NSDI is, therefore, data about the national road network and state of this infrastructure. 

The focus of the mapping, however, is on the main roads that link districts. The shapefiles 
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they have generated reveal that most of the roads that branch off the main roads are not 

included in their mapping. Much as the location information generated by this department is 

important for planning and decision-making, its scale indicates that its usefulness is mainly at 

the national level. The state and location of roads and bridges that connect, say, one village to 

another and which the communities access when going to their fields or to schools and clinics 

are absent from the RDA maps. This increases the value of the spatial data that local 

communities could generate on their own in the community-based SDI concept. While the 

RDA only updates its maps annually or biannually, the data generated by the community 

using their mobile phones could be more current, and if overlaid with the RDA’s spatial data 

could actually provide richer information. 

Statistical data is a powerful complement to spatial data and vice versa, and 

considering them together provides a means for relating statistics to location and can reveal 

patterns that would otherwise be difficult to identify. It is therefore not surprising that the 

Central Statistics Office (CSO) is among the NSDI’s stakeholders. This office sends out 

officers with handheld GPS receivers three years prior to each decennial national census to 

carry out mapping activities in enumeration areas. Apart from generating statistical 

information, the CSO is a potential contributor to the national SDI of location information 

pertaining to census enumeration areas. Incorporating this information into the community-

based SDI data collected by locals could also enrich the data set of the area with updated 

information about new settlements deep in the forests that may not have existed 10 years 

prior. 

The knowledge and reporting of weather, weather patterns, and climate information is 

key to national development. Thus, the importance of the Zambia Meteorological Department 

cannot be overemphasised. The information it collects and disseminates is vital to many 

sectors of the economy such as aviation, agriculture, insurance, water resource management, 
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and health. It is no wonder that it is among the key NSDI stakeholders. The information 

generated by this department, such as weather and climate information presented in relation 

to location via maps, can be a vital contribution to an SDI. In the case of weather stations 

distributed around the country, including in remote areas, the location and current state of the 

stations can be mapped and recorded by local community members using their mobile 

phones, thereby providing the government institution with additional information to better 

support the community. The community could further collect and provide information about 

actual weather conditions in a specific locality. 

Geological Survey is yet another national SDI key stakeholder, being the national 

repository of all information relating to the geology of Zambia. It is the custodian of a digital 

database of mineral occurrences in Zambia and thus holds information that would be valuable 

to the NSDI. Through a community-based SDI, the locals can collect up-to-date location 

information about mineral resource occurrences or formal and informal mining activities in 

their areas, including in remote parts of the country. This information can be used by the 

communities to better contribute to government planning meetings on mining projects that 

may be planned for their areas, and to report illegal activity and help the government get a 

better handle on it. 

Lusaka Water and Sewerage Company is a utility company providing water and 

sanitation services in the city of Lusaka and surrounding areas. It has a very active GIS unit 

and up-to-date information about the location of its water and sewerage installations in 

relation to the property boundaries of their clients. It would therefore be a valuable 

contributor to the NSDI. If well equipped, local communities could map the current state of 

installations of such companies, such as burst pipes. They could, therefore, be more proactive 

in reporting such cases that affect water supply in their communities. 
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Zesco Limited, a state-owned power company providing the integrated services of 

generating, transmitting, distributing, and supplying electricity in Zambia, is also a potential 

source of spatial data for a national SDI. Zesco also owns a subsidiary called Fibre Com that 

has laid fibre optic cables on the Zesco power lines for the internal communication needs of 

Zesco, but also for external customers, who include mobile service providers. The fibre cable 

is, however, yet to reach households and rural communities. The countrywide locations of all 

Zesco power lines, fibre cables, and installations are vital for planning in many sectors of the 

economy. Local communities, through the concept of a community-based SDI, can provide 

up-to-date information on the state of Zesco installations such as transformers and power 

poles. This they can do both for their own benefit and for the benefit of the power company.  

The mutual benefit of location information that could be provided by the national SDI 

stakeholders as well as the communities around the community-based SDI runs across all the 

formal producers/providers whose profiles I have presented above (summarised in Table 2-1). 

In citing to them—during the interviews—the possible benefits for them, I was trying to 

assess their willingness to come on board the grassroots SDI as contributors of their data if it 

were established. The feedback was generally positive. Some were sceptical due to low 

location accuracy levels that could be achieved while mapping with a mobile device. Others 

on the other hand looked forward to seeing its practical outworking.  

Table 2-1  Geoinformation producers/providers in Zambia 

Stakeholder Function 
Geoinformation 
produced/provided 

Zambia Survey Department 
(ZSD) 

National mapping agency. 
Aerial photographs, 
cadastral plans, topographic 
maps (1:50,000; 1:250,000). 

National Remote Sensing 
Centre (NRSC) 

National provider of remote 
sensing data & GIS 
coordinator. 

Satellite imagery. 
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Stakeholder Function 
Geoinformation 
produced/provided 

Road Development Agency 
(RDA) 

National road network 
maintenance and project 
supervision. 

National road network 
maps. 

Central Statistics Office 
(CSO) 

Collection, processing, 
analysis, and dissemination 
of statistical data. 

Enumeration areas and 
statistical data. 

Zambia Meteorological 
Department 

National meteorological 
service and the primary 
provider of such services. 

Maps and other figures that 
monitor climate and societal 
conditions both present and 
in the recent past. 

Geological Survey 
National depository of all 
information relating to the 
geology of Zambia. 

Digital database of mineral 
occurrences in Zambia; 
geological, geophysical, and 
geochemical data. 

Lusaka Water and Sewerage 
Company (LWSC) 

Water and sanitation 
services for Lusaka province. 

Maps of water and 
sewerage installations. 

Zesco Ltd 

State-owned power 
company, providing the 
integrated services of 
generating, transmitting, 
distributing, and supplying 
electricity in Zambia. 

Maps of all power lines and 
installations countrywide. 

 

This section has reviewed the broader context of the envisaged community-based SDI 

in order to give a picture of the current situation regarding SDI development in Zambia. The 

section that follows focuses on the immediate context of the prospective target users of the 

picturised community-based SDI. This is in preparation for the conceptual design of this 

bottom-up SDI, which requires an understanding of the environment in which it would 

operate. 

2.3 Immediate context of users 

The ultimate goal of building a software product is to enable its users to accomplish 

their goals with effectiveness, efficiency, and satisfaction, which are the elements that define 
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the usability of a product (ISO, 1998). One of the ways of ensuring this is to have a good 

understanding of each user’s environment (user context). This section thus zeroes in on the 

users’ immediate context in order to gain insights into issues that might need to be factored 

into the design of the mobile app for collecting spatial data for the community-based SDI, in 

order to ensure its usability. The required insights were obtained through the methods 

presented in the following section. 

2.3.1 Method 2: Semi-structured interviews and focus groups 

I obtained the information about the 20 target users (smallholder farmers) and their 

immediate context through semi-structured interviews with government officials from the 

department of agriculture and with the research participants themselves in 2015. I obtained 

further information from focus group discussions in 2017.  

For focus groups, the 20 participants were put in four groups of five members. The 

aim of the focus groups was to provide a platform for gaining insight into the social and 

economic aspects of the community including their culture, norms and resource management. 

The discussions were also meant to assess their location information needs. The information 

was collected in order to assist with figuring out the most feasible approach to addressing the 

problem of access to location information through SDIs among the grassroots communities. I 

conducted and audio-recorded the discussions. The discussions were conducted in three 

different languages (Lamba, Bemba and English). Each participant was given freedom to use 

the language they were most comfortable with. Each participant understood some of each of 

the languages, and where there was need for clarification, there was always someone in the 

group willing to translate terms or words that were not clear to some of the participants. I, as 

facilitator, speak Bemba and English fluently as well as having a good understanding of 

Lamba (yet only speaking a few words). My level of competence in the three languages was 

sufficient for me to later transcribe the discussions for thematic analysis. Each focus group 
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discussion lasted an average of two hours. The results, analysis, and discussion are presented 

in the remaining sections of this chapter. 

2.3.2 Project location background: A smallholder farming community 

As already indicated, the chosen site for investigating the potential of community-

based geospatial crowdsourcing in SDI development was the Ibenga farm block located in 

Mpongwe, one of the districts of my home country, Zambia. I selected Mpongwe because it 

is a rural district and because it is located in the province where I had worked for about 15 

years by the start of the research, and I had thus become familiar with the general culture of 

its communities (see Figure 2-1) for the geographical location of Mpongwe district). My view 

of the rural is in line with that of Haggblade, Hazell, and Brown (1989, p. 1174): that the term 

applies to “any locality that exists primarily to service an agricultural hinterland. In contrast, 

urban economies are driven by manufacturing, government or some other motor independent 

of agriculture.” I found Mpongwe to be an adequate example of a home of a grassroots 

community of smallholder farmers whose location information needs were not adequately 

addressed by the state. Another motivation for the site location was that it fitted in with the 

purpose of my scholarship, which included assisting the social and economic development of 

my country. Smallholder farmers were an example of a community that needed support in 

social and economic development. I realised that these communities need empowerment 

since, for example, the largest percentage of maize production in Zambia is delivered by 

smallholder farmers in spite of the fact that there are also a number of commercial farmers in 

the maize-farming business. Smallholder farmers in Zambia face a number of challenges in 

their daily lives (Zupi, 2015), some of them directly connected to their farming activities and 

others connected to the social environment in which they live. This situation is not unique to 

Zambia but is in fact typical throughout sub-Saharan Africa and in Asia. In Asia and sub-

Saharan Africa 80% of the population is fed by smallholder farmers and globally 2 to 2.5 
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billion depend on the approximately 500 million smallholders. Ironically, in spite of this huge 

contribution, many smallholders are themselves malnourished and extremely poor and 

actually constitute about half of the hungry people in the world. This is a state of affairs the 

president of International Fund for Agricultural Development (IFAD) rightly concluded is 

cruel and unacceptable. He saw this situation as justification for investing in these rural 

communities for effective reduction of hunger and poverty (IFAD, 2013).  

 

Figure 2-1  District map, Copperbelt province 

His classification of smallholder farmers among the poor and his support of the 

effectiveness of investing in them inspired me to consider this category of potential users of 

digital location information. This was with a view of contributing to the alleviation of poverty 

and empowering these farmers by providing easier access to location information to support 

decision-making in their farming businesses and livelihoods in general. Facilitating the 
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development of an SDI platform managed by them could provide them the means of 

accessing this information. At the end of the process, the community of smallholder farmers 

could potentially benefit from this access, and I, as the researcher, could gain insight into the 

feasibility of a community-based SDI. This dual research benefit or outcome is the idea 

inherent in action research, which is the overarching research methodology for this thesis. 

2.3.3 Ibenga farming community and its location information needs 

Mpongwe district, in which the research was conducted, is divided into six farm 

blocks, further broken down into 26 agricultural camps (an average of four camps per block). 

These administrative divisions were established to facilitate agricultural extension services, 

which involve offering technical advice to farmers about agriculture and supplying them with 

necessary inputs and services to support their agricultural production (FAO, 1985). As a 

visitor to the area, I expected to find a detailed map of the farm blocks and camps showing 

the relative locations of smallholder farms (and their respective sizes) and co-operative 

centres. This would have made it easier for me to familiarise myself with the environment 

and better appreciate the agricultural administrative boundaries and thus help me plan my 

fieldwork better. Any visitor to the community, including potential business partners, may 

face a similar need, and not being able to fulfil it could cost the community opportunities for 

financial prosperity. The much-needed map was not available at the District Agricultural 

Office (DACO). My efforts to get a copy at the Ministry of Agriculture head office in the 

capital city, Lusaka, failed, as they had no copy either. The DACO only had a transparency of 

a 1:250,000 scale topographic map from which, upon request, they traced the approximate 

point locations of the agricultural camps without the boundaries of the farm blocks in which 

the camps fell (see Figure 2-2). It was evident that the officer who traced the camps on the 

maps was only able to place the dotted locations from years of experience of working in the 

district. This experience would not be available to a new staff member replacing that officer 
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if they retired or resigned. This showed a dire need for spatial data in the district to help both 

the agricultural office and the smallholder famers they were employed to support. The closest 

to a detailed map I came across were sketches of parts of Ibenga farm block on the wall of the 

Ibenga Farm Block Officer’s office (see sample in Figure 2-3). 

 

Figure 2-2   Map of Mpongwe showing agricultural camps. Traced and updated from a 1:2500 
topographic sheet. 

The district also has varying numbers of co-operatives per camp, established to 

facilitate the coordination of business activities. Each co-operative had an average of 150–

200 farmers. The number of farmer households captured in the farmer register as of 2014 was 

about 25,000. This is out of a total district population of about 93,380 (Central Statistics 

Office, 2012). These huge numbers indicate how extensive mapping activities could be if the 

farmers were equipped with means of contributing to the creation of location information 

using mobile phones. This could greatly enrich an SDI. 
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Figure 2-3   Sketch of Ibenga farm block at the Block Officer’s place of work 

The research spatial unit I selected in the district was the Ibenga farm block, which is 

situated in the northeast part of the district. This selection was based on the recommendation 

of the District Agricultural Officer at DACO. Among the advantages he cited was that they 

were a better organised team of extension officers able to provide any required support and 

that the area was easier to access in terms of the road network. Ibenga farm block consists of 

five camps: Kasamba, Ibenga, Mulilantambo, Chipala, and Kanyenda East. Without maps to 

show the location and infrastructure of these areas, the farmers struggle, for example, to give 

directions to trucks they hire to deliver farming inputs or pick up their farm produce after 

harvest. Through my fieldwork I found that this challenge in transport arrangements affects 

the timely start of planting when the rainy season starts. It also affects the timely collection of 

farm produce for sale, which is important for finding buyers. In the absence of easily 
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accessible maps, the prospective buyers of their vegetables cannot easily locate them, and so 

they miss out on business opportunities. Since the few maps they have in the community are 

in hard-copy form the farmers cannot easily share, say, the location information of a washed-

away bridge with the rest of the community, or with the local authority to more efficiently 

coordinate or support the repairs. Without the maps it is possible that they further miss out on 

the opportunity of being exposed as communities to government support. The one-on-one 

interviews during my fieldwork revealed that even the co-operative inspectors who support 

the operations of the farmers’ co-operatives in the district have no maps to help them locate 

more easily the co-operative centres or appreciate the state of the access roads and bridge 

infrastructure in these areas as they plan their support activities. 

Having gained sufficient information about Mpongwe district and identified Ibenga as 

a suitable research site I proceeded to start recruiting research participants among the 

smallholder farmers of the area.  

2.3.4 Target user group: Research participants 

One of the challenges of SDI development in the Global South (as described in 

Section 1.2) is the scarcity of professionals in the field of collecting and managing location 

information. The question that arose was whether the rural lowly educated smallholder 

farmers of Ibenga—the laypeople—were capable of collecting spatial data similar to the data 

collected by the GIScience professionals among the formal stakeholder institutions reviewed 

in Section 2.3. To answer this question I needed a representative sample to work with. I 

settled on a sample of 20 farmers to match with the 20 smartphones that had been donated for 

the project to be used for the community-based geospatial crowdsourcing research. Since the 

farming community consisted of both men and women, I needed this mixture in the group. 

While the plan was to recruit participants by going from farm to farm or through the co-

operative centre, I ended up recruiting the participants from a class of smallholder farmers 
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who were being trained in organic farming methods but who at the same time practised the 

most common farming methods that required artificial inputs like chemical fertilisers and 

weed killers. According to the course coordinator, the enrolment to the organic farming class 

was voluntary and mainly based on the participant's interest in farming and not on the level of 

education. This background increased my confidence in how representative the group was of 

the smallholder farming community.  These farmers were introduced to me by one of the 

coordinators of the programme, who I met during the first few days of my field trip. The 

group consisted of both male and female participants. Since they fitted my set gender criteria, 

I looked no further for participants and recruited 20 from this group after introducing my 

research project to them. These then became the sample of the target user group––the real 

people that de Man (2006, p. 338) refers to as important for the design process of SDIs: 

“Design and development of SDIs should be focused on ‘real people using real systems to 

address real problems’.” Software and system development require due attention to be given 

to the users, knowing such details about them as their educational level, age, and previous 

information technology experience (Nielsen, 1993). Table 2-2 thus shows a summary of the 

participants’ details.  
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Table 2-2   User profile 

User ID Sex Age (2017) Education Level 
(Grade) 

Owned a Basic 
Phone 

Smartphone 
Experience 

1 M 53 9 Yes Nil 
2 F 55 7 Yes Nil 
3 M 49 12 Yes Nil 
4 M 46 9 Yes Nil 
5 M 59 12 Yes Nil 
6 M 53 9 Yes Nil 
7 F 58 7 Yes Nil 
8 M 48 12 Yes Nil 
9 F 63 7 Yes Nil 

10 M 48 12 Yes Nil 
11 M 63 12 Yes Nil 
12 F 43 12 Yes Nil 
13 M 46 9 Yes Nil 
14 M 45 12 Yes Nil 
15 M 68 10 Yes Nil 
16 F 53 9 Yes Nil 
17 M 44 12 Yes Nil 
18 M 55 10 Yes Nil 
19 F 53 9 Yes Nil 
20 M 49 12 Yes Nil 

Average 
 

53 
    

As can be seen from the table, the average age of the participants was 53 years. Six of 

them were female. The highest levels of education attained were three Grade 7s, six Grade 9s, 

two Grade 10s, and nine Grade 12s (Grade 12 being the last secondary school grade in the 

Zambian system of education). These are generally low levels of education and are typical of 

Zambian rural communities (Luchembe, 2016). The low level of education among my rural 

participants has implications in terms of their command of the English language. In spite of it 

being the official language, most people with such low levels of education, especially those 

living in rural areas, are not very competent in English since it is not their first language. The 

table also gives a picture of the participants’ experience with smartphones, the kind of device 

planned for use in the geospatial crowdsourcing evaluation. While each of the participants 
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owned a basic phone, none had any smartphone experience. This information is critical to the 

choice or design of the mobile app to use on the smartphones for the community-based 

crowdsourcing activities.  

Given this profile of the prospective users, a question that arises is how these users 

could be enabled to self-manage their SDI and its geospatial crowdsourcing app. Are there 

existing cultural norms for resource management within the community of users that can be 

harnessed for the management of the SDI? In order to answer this question, the following 

section outlines the culture and norms of the community of the Ibenga smallholder farmers. 

2.3.5 Culture and norms of the user community in the context of resource 

management 

The key community resources identified during the interviews were bridges, roads, 

forests, community schools, government schools, the market and trading centre, the 

traditional ceremony arena, the borehole water pumps, and farmers’ co-operative centres. 

These resources did not belong to any particular individual or family but to the entire 

community for the benefit of both the community and outsiders with whom the community 

has contact.  

The bridges and roads connecting, for example, villages, schools, farms, and the 

market and trading centre are accessed by community members in their day-to-day activities. 

They are also accessed by government officials, such as community development officers as 

well as agricultural extension officials who support farmers in farming practices. They are 

also used by visitors and transporters who deliver farm inputs and farm produce, as well as 

buyers and sellers of goods in search of business opportunities. There is a clear sharing of 

these resources, and wide access to them: there are no barriers of any kind or toll gates. There 

was no clear evidence of specific rules regarding the use of roads and bridges. One would 
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expect that the only concerns would have to do with a weight limit for bridges (which may be 

the case). Some of the bridges were constructed by the community out of logs (see Figure 

2-4), while others were constructed by the government out of modern reinforced concrete or 

culverts. 

 

Figure 2-4   Bridges in Ibenga constructed by the community (L) and the government (R) 

During one of the focus group discussion sessions a 53-year-old female participant 

commented on community-constructed bridges, saying, “For example, the bridge that is used 

to cross the stream to our village, we constructed it on our own”. In some cases the local 

government, through the ward councillors, supplies the culverts and leaves the construction to 

be carried out by the community, as one participant described:  

These bridges are constructed by the members of nearby villages.  

They sit together and discuss how they are going to go about the 

construction. They assess what materials would be required, such as 

logs. In some cases the area councillor arranges for circular culverts 

and delivers them to the site and then the community mobilises 
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resources to construct the bridge. This coordination is done through 

village headmen, and the chieftainess is involved. (Male, 53 years) 

The bridges constructed by the community are usually the ones across streams rather 

than rivers. Local communities at each end of the bridges and roads benefit from the business 

opportunities and access to social amenities enabled by the infrastructure. Transporters and 

government departments all freely enjoy the benefits that come from the roads and bridges, 

but the care and responsibility is shared between the community and the government 

depending on the type of bridge and the degree of disrepair. Community members have an 

understanding about the maintenance of the parts of the road nearest to their homes or fields. 

One male participant said: 

Some of the roads that we maintain on our own are for example those 

that connect one village to another and those we use when moving 

from one village to the cemetery. Villagers that use a given road agree 

which stretches to maintain until the road maintenance is completed.  

Community members also get together to replace washed-out bridges. Village 

headmen normally lead such activities and have a way of punishing those who do not play 

their part, and they in turn are summoned by the chieftainess if they do not ensure that the 

roads and bridges in their areas are well maintained. 

Forests are open access in the sense that there is no restriction as far as entering them 

is concerned. The use of the forest is determined by the community, under the leadership of 

village headmen and the chieftainess, who are also responsible for forest care and 

management. The forests are mainly used to gather firewood and for charcoal burning, and in 

a few cases beekeeping. The community members are the direct beneficiaries of the forests 

because of the rainfall they support through the cycle of water absorption by the trees and 
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evaporation through their leaves causing rain. Among other benefits of forests to the 

community is their role in controlling soil erosion. The forests are the most difficult resource 

to manage as community members use the trees to burn charcoal for sale in order to raise 

money for their children’s school fees. The community generally does not support charcoal 

burning for sale because it depletes forests. The chieftainess is also against charcoal burning 

in her chiefdom. “My husband is a secretary at the palace [(the official residence of the 

chieftainess)]. They are charged with the responsibility of delivering notices to areas where 

there are bridges that need fixing or to warn against charcoal burning”, contributed one of the 

female participants. There was a time when the government employed forest rangers to 

control the indiscriminate cutting of trees, but this was discontinued some decades ago, 

possibly due to the huge wage bill and other operational costs of monitoring the forests of the 

750,000-square kilometre country.  

Ibenga farm block has government-built schools supplemented by community schools 

initiated by the locals. The schools are widely accessible to community families and their use 

is determined by the community that manages and cares for the schools. Such schools are 

established in areas not catered for by government schools to shorten the distance that 

children need to walk to get to their nearest school. The community donates building 

materials and skills to construct community schools, which are later recognised and 

supported by the government. Teachers are mainly volunteers and are untrained, sometimes 

led by retired teachers who have settled in the area. They are mainly paid in kind by 

community members in food supplies.  

The vegetable market and trading centre is the business hub of Ibenga community. 

Inter-district buses stop there to drop off and pick up travellers. Though built by the 

government, the market is run by the community. The shops in the trading centre are built by 

individual owners while it is the community that sets the rules for using the area and 
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infrastructure as well as caring for it. Access is shared and wide, and both travellers and 

locals benefit from the business opportunities the premises provide. One of the interesting 

rules established by the community has to do with hygiene. Selling uncovered foodstuffs is 

forbidden: any community member is entitled to enforce the rule by reprimanding the 

offender. A female participant described one incident as follows: 

The rules of hygiene are strictly followed in this community. For 

example last year I went to the palace court to resolve an issue I had 

regarding herds of cattle. I found that the chairman of the market 

committee had brought a lady to the palace with a case of selling 

fritters without covering. She used to fry fritters and sell them in an 

open tray. She never used to put them in a bucket with a lid for 

hygiene purposes… The complaint was that the flies would sit on the 

fritters and make people sick. She had been warned several times until 

she was taken to the palace to resolve the issue. She was made to pay 

K200 (US$22) as a penalty. 

Another example of how the community makes rules and enforces them is the case of 

a drunkard who needed to relieve himself. He walked up to a parked truck and started 

urinating by its tyres. A male participant explained that  

members of the community reprimanded him and rebuked him, 

telling him that the marketplace was not a toilet… They then directed 

him to the toilets to teach him the right place to urinate. They warned 

him that no matter how busy you are you must always use the 

designated public toilets at the market. 
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Another incident discussed was when the community stopped a bus that was about to 

leave the station after its conductor dumped a box of rubbish at the station. The driver was 

forced by the community to pick up the rubbish. 

The community constructed the arena where traditional ceremonies take place. 

Community members care for it and ensure that it is ready for each event, especially the 

annual ceremony celebrating the establishment of the chiefdom. The palace officials take the 

lead in the care and maintenance of the premises. 

The United Nations International Children’s Emergency Fund (UNICEF), as part of 

its Water and Sanitation Project in the community, supported the community with the 

construction of boreholes and water pumps. After training a few people in their repair and 

maintenance, UNICEF handed the boreholes over to the community for management, care, 

and establishment of rules of use. The community selected a committee with representatives 

from all the surrounding villages to manage the boreholes. Monthly contributions are made 

by the community for repair and maintenance. A caretaker is appointed who controls the use 

of the borehole and also locks it periodically to allow it to rest. As one female participant 

shared, “This allows it breathing space, for there is no way a piece of equipment can work 

non-stop. The lack of giving machinery rest is what results in the squeaking sounds and 

breakdown.” 

Farmers’ co-operative centres are vital establishments in this smallholder farming 

community. They are established by the farmers themselves with the support of the Ministry 

of Agriculture and Co-operatives, which provides the guidelines for running them. The 

ministry also provides oversight to ensure that annual general meetings are conducted in 

accordance with the law. The co-operative members are, however, left to come up with their 

own innovations as far as enhancing the farming business of the members is concerned. The 
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co-operative centres are also the channels through which the government provides subsidised 

farm inputs. 

It is evident that in the Ibenga farming community cultural norms for common 

resource management are well established.  

2.4 Conclusion 

This chapter has described the prospective users of the envisaged community-based 

SDI, including their wider and immediate context. It has revealed that this grassroots group of 

smallholder farmers in the rural district of Mpongwe are excluded from the current SDI 

initiatives of Zambia in spite of being key players in national food security. This implies that 

they cannot effectively benefit from the digital location information that is available in SDIs 

to support decision-making in local, regional, and national development. Also revealed in this 

chapter is the fact that this community, including the agricultural extension officers that are 

employed to support them, have very limited access even to hardcopy forms of location 

information. The community of farmers is organised in agricultural blocks, camps, and co-

operatives for better administration of government support and self-sustainability. They also 

have their own traditional establishments and cultural norms for managing local 

infrastructure and natural resources that support their livelihood. Can these be harnessed for 

management of a digital information resource in spite of their low levels of education and 

very limited exposure to digital technology? 

The descriptions of the prospective users and their context presented in this chapter, 

including the location information needs identified, help to begin picturing the design 

elements of the community-based SDI and the specifications of a mobile app that could be 

suited for them. But how exactly might the design and building of the SDI be achieved in a 

sustainable way in the light of users’ limitations in technical know-how? Is current SDI 
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development theorised in a way that could ultimately lead to addressing such challenges? The 

following chapter examines possible SDI development frameworks in order to arrive at the 

most appropriate way for us to think about SDI development. 
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3 COMMUNITY-BASED SDI DEVELOPMENT THROUGH HYBRID 

COLLECTIVES 

3.1 Introduction 

There is no doubt that challenges exist with respect to SDI development in the Global 

South, particularly with regards to access by the grassroots, as Section 1.1 has described. On 

the other hand, new approaches to geospatial data acquisition are emerging, and these may 

help address some of these challenges. For example, OpenStreetMap6 and Google Earth7 

open up possibilities for freely available online geospatial data. Free and open source 

software for GIS has also matured to such a level that the components of an SDI can be put 

together using open source software, thus providing a means of cutting down on costs 

currently incurred in acquiring and maintaining proprietary software (Steiniger & Hunter, 

2012). Bottom-up SDI development approaches are also being explored, raising the hope of 

building a spatial data handling platform with limited support from the government (Strobl et 

al., 2012; Williams et al., 2013). Some of the approaches that are regarded as bottom-up 

include volunteered geographic information (VGI) and participatory geographic information 

(PGIS) (Brown & Kyttä, 2014).  

The way we theorise SDIs affects how they are constructed and subsequently 

maintained. Can theorising SDIs from the perspective of VGI lead to better outcomes of SDIs 

for the marginalised? Can seeing SDIs through the lens of PGIS result in reduced challenges 

in terms of access to location information through SDIs for the grassroots? In this chapter I 

argue that neither of the two perspectives—independently—sufficiently reflect the image of 

an SDI that could address the SDI development challenges in the Global South. I instead 

                                                
6 https://www.openstreetmap.org 
7 https://www.google.com/earth/ 
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propose that we frame the way we think about SDI development as a picture that incorporates 

a combination of these ideas—that we might imagine a community-based SDI built on 

crowdsourcing and participatory approaches. 

At first glance, looking at SDIs through the lens of VGI systems or PGIS seems to 

indicate a system that could result in an SDI that supports the grassroots in addressing 

location information needs. A closer look at these concepts, however, reveals that bottom-up 

SDIs are about more than crowdsourcing and that PGIS concepts do not sufficiently support 

the grassroots towards empowerment for development through access to digital location 

information. The goal of this chapter, therefore, is to develop an alternative framework for 

understanding SDIs that could better lead to the building of SDIs that support the grassroots. I 

argue that for us to develop SDIs that enable easier access to location information by the 

grassroots, and thus facilitate empowerment for development, we need to think of SDI 

development as a community-based activity—the community being a socio-technical 

assemblage or a type of hybrid collective, and the SDI itself being a kind of commons. The 

chapter answers the research questions: What is SDI development from a science and 

technology studies perspective? Who is the “community” in a community-based SDI? 

The chapter begins by showing the limitations of theorising SDI development as an 

activity accomplished by either a PGIS or a VGI system. I proceed to propose framing SDI 

development as a community-based activity that includes PGIS and VGI perspectives. I then 

go on to draw upon perspectives from the thinking and theorising of the commons—a 

concept often used in the field of resource management—and theorise a community-based 

SDI as a commons. I then identify the limitations in the current understanding of constituents 

of SDI “construction teams”—the missing understanding being the hybridity required in the 

teams. In order to redress this, I introduce the concept of “hybrid collectives” as the solution 
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to complete the understanding of the community that commons the SDI. I go on to present an 

inventory of the socio-technical components of the community. 

In the following two sections I demonstrate the value of the VGI (also referred to as 

geospatial crowdsourcing) and PGIS concepts for developing the picture of a grassroots SDI 

as well as pointing out their limitations. 

3.2 Community-based SDI: More than crowdsourcing (VGI) 

Crowdsourcing is an emerging possibility in SDI development (Cooper et al., 2011). 

It has been described as “the process of connecting with large groups of people via the 

Internet who are tapped for their knowledge, expertise, time or resources” 

(Crowdsourcing.org, 2012). A number of other definitions have emerged over the years since 

Howe (2006) coined the term by combining “crowd” and “outsource.” After reviewing many 

definitions and uses of the term, Estellés-Arolas and González-Ladrón-de-Guevara (2012) 

arrived at the following definition to encompass common usage in publications: 

Crowdsourcing is a type of participative online activity in which an 

individual, an institution, a non-profit organisation, or company 

proposes to a group of individuals of varying knowledge, 

heterogeneity, and number, via a flexible open call, the voluntary 

undertaking of a task. (Estellés-Arolas & González-Ladrón-de-

Guevara, 2012, p. 197) 

The crowdsourcing concept has spread to the realm of geographic information fuelled 

by technology referred to as Web 2.0 as well as the proliferation of smartphones with their 

ever-increasing geospatial capabilities (Sui et al., 2013) and software applications freely 

available for download. The spatial data or information created by the crowd in this way is 

referred to in several ways, including as “volunteered geographic information” (VGI) 
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(Goodchild, 2007a) and “crowdsourced geographic data” (CGD) (Rice, Paez, Mulhollen, 

Shore, & Caldwell, 2012). Because of its potential, crowdsourcing is further spreading 

specifically to spatial data infrastructure development, though much of the research effort 

regarding crowdsourcing in SDIs is centred on how crowdsourced geospatial data can be 

integrated into existing SDIs (Cooper et al., 2011). There are efforts towards exploring its 

potential in leapfrogging the formal SDI development and maintenance process and letting it 

emerge from and be maintained by the crowd. This could lead to something that Nama Raj 

Budhathoki, Bruce, and Nedovic-Budic (2008) see as the third generation of SDIs, which are 

driven by “produsers” (a portmanteau of producer and user). In this concept, the once passive 

“user”, enabled by smartphones and Web 2.0 technologies, also becomes a “producer” (see 

Figure 3-1). Web 2.0 technologies refer to a second wave of Web platforms that enable 

visitors to websites to not just passively view (as was the case at the invention of the Web) 

but also to actively contribute content (Goodchild, 2007b; Haklay, Singleton, & Parker, 

2008). Key examples of these technologies are the online encyclopaedia Wikipedia and the 

online mapping platform OpenStreetMap.  

Formal SDIs have been spearheaded by government bodies, financed from public 

funds (Grus, Crompvoets, & Bregt, 2007), and implemented and managed by domain experts. 

The crowdsourcing approach to SDIs is a possibility for resolving some of the challenges 

faced in SDI development in many parts of the Global South, especially for the benefit of the 

grassroots. The organisation of such an SDI might, therefore, fall in the space between public 

and private. A public SDI implies being owned by the government and managed on behalf of 

the people. As I have already shown in Section 1.1, SDIs organised in this way are fraught 

with difficulty. On the other hand, a privately owned SDI (whether by an individual or 

business entity) restricts rights of use and control, which could result in exclusion of the 
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grassroots from being able to access location information for their needs. Something in 

between is therefore where the solution could lie.  

 

Figure 3-1   Next generation of SDI emerging from crowdsourcing (adapted from Nama Raj 
Budhathoki et al., 2008) 

The emerging technologies mentioned above have opened the door to cheaper and 

faster ways of collecting, processing, storing, visualising, and disseminating geospatial 

information, thus increasing the number of contributors beyond costly and scarce domain 

experts. In principle, they have turned the crowd into a de facto producer of spatial 

information (Elwood, Goodchild, & Sui, 2013). It is no wonder that Strobl et al. (2012) 

recommend that geospatial crowdsourcing and Wikipedia-style lessons be drawn into SDI 

development as a solution.  
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In the video clip “Crowdsourcing and Crowdfunding Explained”,8 it is argued that 

relying on the crowd for solutions is not a new idea, giving as an example John Harrison, 

who in the eighteenth century answered a crowdsourcing call from the British government to 

solve the problem of calculating longitude while at sea (Mobbs & Unwin, 2016). John 

Harrison went on to invent the marine chronometer, for which he was awarded a large cash 

prize (Encyclopædia Britannica, 2017). Much as many writings on crowdsourcing refer to the 

Internet as the only means of accessing the crowd, given the example of John Harrison, I see 

the use of both the Internet and ordinary (or old-fashioned) communication means as a way 

of harnessing knowledge among the crowd in resource-poor contexts of the Global South. 

The major difference I observed is that the Internet has made outsourcing work to the crowd a 

lot easier (Howe, 2006). Resource-poor parts of the Global South are likely to use a mixture 

of both the old and new methods of crowdsourcing, for example making the crowdsourcing 

call by means of billboards, radio, and motorised megaphone announcements, urging the 

crowd to turn on their mobile data and download an app or follow an advertised link. This is 

because people in these parts of the world mostly use the Internet sparingly and only turn on 

their mobile data when they need to access something on the Internet. Because of this, the 

strictly Internet-based call implied in most crowdsourcing definitions might miss out on a 

large number of potential respondents to the call. The picture of a community-based SDI is 

therefore partly painted with the colours of the geospatial crowdsourcing’s focus of 

expanding “spatial information by using citizens as sensors”. The expansion of spatial 

information could make the community-based SDI richer and therefore more useful for 

communities (Brown & Kyttä, 2014, p. 125). 

Crowdsourcing involves mutual benefit between the crowdsourcer and the individual 

participating in a given task. Individuals may be motivated to participate for financial 

                                                
8 Posted by Crowdsourcing.org, https://www.youtube.com/watch?v=-38uPkyH9vI 
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benefits, community benefits, self-esteem, or social recognition, or to use it as an opportunity 

to develop personal skills. The crowdsourcer or initiator, on the other hand, can benefit by 

reaping the harvest for the purpose for which they designed the system (Estellés-Arolas & 

González-Ladrón-de-Guevara, 2012). One of the motivations for someone in the crowd 

responding to the call in the Global South might be the desire to see a change for the better in 

the social and economic aspects of their communities. 

The problem with viewing the grassroots SDI through the lens of geospatial 

crowdsourcing (or VGI) is that it depicts an externally driven system that might not lead to 

the development of an SDI that meets the needs of the people it is meant to serve. This is 

particularly evident when we look at VGI as a system, as described by Fast and Rinner 

(2014), rather than merely as information. They describe the VGI system as consisting of the 

project, participants, technical infrastructure, and the actual VGI or geographic information. 

In a VGI system, the platform to which users (or participants) contribute geospatial 

information is designed independent of them by the “crowdsourcer” or project manager. 

Much as a VGI system provides for some measure of empowerment for the marginalised by 

enabling them to participate in digital mapping, it still has top-down characteristics in the 

sense that the grassroots community does not contribute to the design of the system. This 

limits the extent to which the system is able to meet their needs when implemented. The other 

problem is that, by nature of the framework, the maps resulting from geospatial 

crowdsourcing system might not always be the intellectual property of the individuals or 

community that created them but rather that of the designers/owners of the respective 

platforms (Brown & Kyttä, 2014).  

Sieber and Haklay (2015) have argued that a participatory geographic information 

system (PGIS) has more potential for empowerment than VGI. But to what extent does it 

contribute to the picture of the community-based SDI? 
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3.3 Community-based SDI: Beyond participatory geographic information 

systems (PGIS) 

The participatory geographic information system (PGIS) has its roots in participatory 

learning and action (PLA) in rural parts of the Global South (Rambaldi, Chambers, et al., 

2006) as mentioned earlier. It is actually an integration of GIS into PLA which focuses on 

equipping communities with skills for analysing their problems through participation to the 

end that they feel empowered to take action towards improving their wellbeing (Napier & 

Simister, 2017). Geographic information systems help to achieve this end by enhancing their 

capacity to generate and use spatial data in their communities for analysis of their situation 

and ultimately doing something about it. The introduction of GIS to participatory methods 

has enhanced research processes by providing a geographical perspective to appreciating the 

problems being targeted in communities. Participatory approaches aim at involving local 

communities in research right from design to analysis (Rambaldi, Kyem, McCall, & Weiner, 

2006). In these approaches care is taken to guard against the interests of researchers 

overriding those of the locals. The aim is empowered grassroots communities with self-

sustaining livelihoods. This aim resonates with some of the goals a community-based SDI is 

expected to achieve.  

The problem with PGIS as an SDI framework is that it does not adequately allow for 

communities without GIS skills. Geographic information systems in PGIS projects “tend to 

be operated exclusively by experts located in the project office” (IFAD, 2009, p. 17) who 

integrate the data created by the communities into a GIS. In this structure, the challenge 

remains how to make GIS tools more available and useful to community members. This 

problem of constructing the mental picture of grassroots SDI development based on 

participatory approaches can partly be addressed by drawing upon the thinking behind 

geospatial crowdsourcing which focuses on expanding “spatial information by using citizens 
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as sensors” (Brown & Kyttä, 2014, p. 125). A structure of SDI development that incorporates 

the grassroots in the design of such technologies fits in with an SDI framework that could 

ultimately result in improved access to location information by the marginalised. 

The other difficulty with PGIS is that it does not allow for shorter-term projects or 

projects without significant funding. This is basically because the PGIS structure depicts a 

process of developing the research project with the locals, collecting data with them and 

analysing it with them for implementation, which can take several years and can be costly. A 

“true” PGIS is based on a long time frame, which I did not have as this would have involved 

a lot more field trips, and I also would have had to work with a local partner for a few years 

as one person cannot do it alone. The goal is empowerment, but it is a step-by-step process: 

inform, consult, involve, collaborate, empower (Jankowski, 2009). 

How then ought we to understand SDI development in order for the outcomes to lead 

to improved access to location information? Could our understanding be framed as a 

community-driven initiative that incorporates aspects of both VGI and PGIS? What might 

this look like, and how might it be constructed mentally? 

3.4 Community-based SDIs as a way forward 

As there are a number of challenges with the government-driven SDI concept as 

outlined in Section 1.1, the community-based approach to SDI development is likely to bear 

fruit since its starting point is community initiative rather than the government. The 

assessment of India’s NSDI revealed that among its key weaknesses were issues to do with 

the top-down SDI development approach derived from centrally driven initiatives that did not 

adequately promote local ideas which could have led to building application-specific spatial 

databases (P. K. Singh, 2009). The SDI development framework that is likely to bear fruit in 

these circumstances is the one that provides community initiative rather than being purely 
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government driven. This thinking could lead to jump-starting the process and could, in the 

long run, provide a sample geospatial management solution to display to the politicians in 

order to win their support (Makanga & Smit, 2010) and bring them on board or alternatively 

ensure the self-reliance of communities as far as access to and creation of spatial data are 

concerned. 

Community initiatives as exemplified by participatory approaches are often not 

community initiated in the strictest sense of the term. Instead outsiders, such as researchers, 

come into the community and help them to get started—acting more like catalysts to assist 

them in analysing their own problems and helping them to see the available options thus 

enabling them take action (Napier & Simister, 2017). Communities use this guidance with 

respect to methods of researching solutions as well as identifying tools for data collection.  

The need for alternatives to government-led SDI development frameworks has also 

been expressed by Strobl et al. (2012). Their view of a community-based SDI includes 

project-based geospatial data producers such as NGOs, the private sector, and academia who 

would team up to develop and build a platform for sharing their geospatial data in response to 

the lack of government leadership. This thinking resulted in the development of a 

demonstrator SDI in the Kyrgyz Republic in Central Asia showing the possibility of an 

alternative framework for understanding SDI development that starts with the community 

rather than the government. The picture of an SDI presented by Strobl et al. (2012) is one that 

is tailored towards drawing together potential SDI stakeholders outside government and 

working out a bottom-up solution for SDI development in the absence of government 

supervision.  

I have thus far argued that SDI development is best theorised as a community-based 

activity rather than as a PGIS or a VGI system—that the community is the one that constructs 
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the SDI. Thinking about SDI development in this way seems to be in line with the 

“commoning” concept, which Gibson-Graham, Cameron, and Healy (2016) describe as a 

community-based activity. Could we then think about such an SDI as a commons—

constructed by the community? 

3.4.1 Why the commons for community-based SDIs?  

The commons is an age-old concept that generally refers to a shared resource 

managed by a community based on rules they have agreed upon to ensure responsible and 

sustainable use of the resource. The commons is understood to be inseparable from a 

community just as a community is regarded as inseparable from the commons (Bollier, 2014; 

Linebaugh, 2008). This idea of self-management of shared resources has been in existence in 

a large number of cultures and societies throughout the world and has now been identified, 

recognised, and documented by researchers (Gibson-Graham, Cameron, & Healy, 2013; 

Linebaugh, 2008; Ostrom, 2015). Historically, the commons—as examined by scholars of the 

commons of Middle-Age England, such as historian Peter Linebaugh—referred to natural 

resources—such as fishing sites, forests for collecting firewood, food, and building materials, 

water resources, and pasture lands—which the peasant community depended on for 

subsistence. These English commons—consisting of communities and their relationship to 

the land—were dismantled through a process of enclosures with the rise of the capitalist 

economy. The commoners were removed from their land—their basis of subsistence—as this 

land was required for the new economy whose focus was on the production of goods for 

selling on the market. Their basis for survival then became labour on these production sites 

(Linebaugh, 2008, 2014). 

In later years Hardin (1968), a human ecologist, justified the enclosures in his paper, 

arguing that collective action, or expecting co-operation in managing a community resource, 

was an indirect way of expecting a tragic outcome because the selfish interest of humans 
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would result in overexploitation of the resource to individual ends. To illustrate his point, he 

used the example of a piece of pastureland set apart for grazing the animals belonging to a 

community (a grazing commons). It was clearly a limited resource yet had to accommodate a 

growing number of animals. He argued that each cattle owner would seek to maximise the 

use of the pastureland for their benefit by increasing the size of their herd until the resource 

was depleted. In other words, the community members had no capacity to self-organise and 

come up with procedures for managing this limited resource for the benefit of everyone. 

Hardin instead advocated for state control or privatisation of the property and the 

involvement of free markets as this would provide motivation to take responsibility for the 

resource. What he did not fairly treat in his article, however, was the proper definition of a 

commons, which extends beyond the shared resource to include a community whose 

members share a culture and a future—a collective that is also rich in cultural norms and 

social practices for managing the resource without government or market intervention. In 

spite of the major influence of Hardin’s article in shaping academic studies and economic 

policies in governments for many decades, its thesis has since been found to fall short of its 

claims (Bollier, 2014; Ostrom, 2015). Hardin later acknowledged his mistaken view of the 

commons after reading critical literature and suggested that a more appropriate title would 

have been “The Tragedy of the Unmanaged Commons” (Hardin, 1998).  

In her landmark 1990 book Governing the Commons (reprinted in 2015), Elinor 

Ostrom, a political scientist (Nobel Prize, 2018), presented eight “design principles” which 

effectively are conditions that explain what led to success in sustaining the commons she 

empirically studied and how the commoners achieved compliance with established rules from 

generation to generation. These design principles addressed the key commons challenge of 

how to deal with self-interest and the “free-rider” problem in light of limited resources, i.e., 

the temptation to get a free ride from the efforts of others by taking advantage of a commons 
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that has inadequate means of excluding persons from its benefits. She argued that if all 

commons participants choose to get a free ride then the commons will collapse, particularly 

because the benefits can be depleted. So the design principles are the most likely safeguards 

against Hardin’s feared “tragedy of the commons”. It is worth pointing out here that the 

commons from which Ostrom derived these principles were natural resource systems, 

specifically “in-shore fisheries, smaller grazing areas, groundwater basins, irrigation systems 

and communal forests”, each located within one country (Ostrom, 2015, p. 26). She went 

further to clarify that she was dealing with commons which were “(1) renewable rather than 

non-renewable resources, (2) situations where substantial scarcity exists, rather than 

abundance, and (3) situations in which the users can substantially harm one another, but not 

situations in which participants can produce major external harm for others.” This is not to 

suggest that her view of commons was limited to this category and the scale of resource 

systems. Human-made resource systems, such as the community-based SDI, are included 

(though not in her research) as they are implied in her definition of the commons, which she 

states “refers to a natural or man-made resource system that is sufficiently large as to make it 

costly (but not impossible) to exclude potential beneficiaries from obtaining benefits from its 

use” (Ostrom, 2015, p. 30). In a 2007 publication, Ostrom actually more clearly 

acknowledges the emergence of diverse commons and the need for further research with 

respect to applicable approaches for ensuring their success (Hess & Ostrom, 2007). This 

observation is important in view of the developing picture of a community-based SDI, which 

I categorise as man-made and digital in nature. 

Scholars such as David Bollier, Massimo De Angelis, Peter Linebaugh and J. K. 

Gibson-Graham have gone deeper into looking at the subject of the commons from a broader 

perspective (including open-access commons) with a possibility of creating commons where 

they did not exist, a process they refer to as commoning (De Angelis & Stavrides, 2010; 
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Federici, 2011; Gibson-Graham et al., 2013, 2016; N. Singh, 2017; Velicu & García López, 

2018). They have also given a lot of attention to the impact of markets and new forms of state 

enclosures on undermining or destroying existing commons by creating individuals out of 

communities through privatisation and limiting community initiatives through centralised 

state control. They argue that in spite of new forms of enclosures, beyond the English land 

enclosures of the nineteenth century, new forms of social co-operation keep emerging. These 

include forms of co-operation in areas that were not even possible previously, such as the 

Internet, showing that the idea of the commons is inherent in people, and although it can be 

stifled, it is ultimately unstoppable. They also see a distinction between the natural resource 

commons and the emerging cultural and intellectual commons that are not subject to the 

scarcity and exclusion logic of natural resource commons. These new commons clearly occur 

in abundance, and so the issue of exclusion may not be necessary or could be applied in a 

different manner (see Table 3-1 for a set of categories of commons with their respective 

examples). Bollier (2014), Edquist and Vaughan (2012), and Gibson-Graham et al. (2013) 

show that in recent years the concept has been extended to the realm of technology, as in the 

cases of open source software, OpenStreetMap, and Wikipedia.9 Now the commons emerging 

from this crop of commons theorists is the form that resonates closest with my picture of a 

community-based SDI—which might initially not be in existence—that is, to be digital in 

nature, and therefore in abundance. Sharing of this non-material resource will not result in a 

reduction in its quantity, as is the case with material commons. Moreover, Gibson-Graham et 

al. (2016) argue that “commons can be conceived of as a process—commoning—that is 

applicable to any form of property, whether private, or state-owned, or open access”. This 

makes the concept applicable to a community-based SDI. 

 

                                                
9 https://www.wikipedia.org/ 
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Table 3-1   Classes and examples of commons  (Gibson-Graham et al., 2013) 

Classes of commons Examples of commons 

Biophysical commons 

• rocks 
• soil 
• sunlight  
• water and air  
• plant and animal ecologies 

Cultural commons 

• language 
• musical heritage  
• sacred symbols 
• artworks 

Social commons 
• educational 
• health systems  
• political systems 

Knowledge commons 

• Indigenous ecological 
knowledge 

• scientific and technological 
advancements 

 

Gibson-Graham et al. (2013) argue that a commons can be created with any kind of 

property, regardless of ownership form—whether private, alternative private, or open access. 

In the alternative private category they include ninety-nine-year leases and state-owned, 

tenanted, customary, community-managed, and community trust properties. For open-access 

properties they include the atmosphere, water, the open ocean, and ecosystem services. Based 

on this thinking the community-based SDI could be regarded as community-managed 

property which falls in the alternative private category. Commons are a means of survival, 

Gibson-Graham et al. (2013) have argued––be they biophysical, social, cultural, or 

knowledge commons. For this reason there needs to be a community that pays them 

deliberate attention, especially where they are not managed in a sustainable way. As Bollier 

(2014) has added, there needs to be a community that is motivated to manage a resource as a 
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commons. The concept of a community-based SDI, which falls in the category of digital-

knowledge commons, is also a means of sustenance for communities as it allows them to 

access spatial data to support decision-making for their sustenance. It is actually a means of 

support to the other commons—biophysical, cultural, and social—which it records and 

locates.  

In this section I have argued that an SDI fits into the concept of commons and is a 

digital-knowledge commons. How then can an SDI be commoned? 

3.4.2 Thinking commoning for community-based SDI 

Gibson-Graham et al. (2013) have developed “Ways of Commoning” guidelines, 

presented in Table 3-2 in recognition of the need to actively get involved in commoning the 

uncommoned or newly created resources that are there to sustain us and modify the 

management of existing ones or identify new ones. The table actually shows how commons 

can be transformed from either of two opposite extremes into an ideal situation. The 

guidelines give an idea of how a community-based SDI could be commoned since “all forms 

of property can be potential commons” (Gibson-Graham et al., 2013, p. 131).  
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Table 3-2  Ways of Commoning tool (Gibson-Graham et al., 2013) 

 

According to Gibson-Graham et al. (2013), for a resource to be considered a 

commons, it needs to be evaluated with respect to access, use, benefit, care, responsibility, 

and ownership. Some of the questions they ask as part of this evaluation are: what is the 

situation with respect to how one can get into contact with the resource (access)? Is access 

narrow or is it unrestricted? What are the rules regarding active enjoyment of the resource 

(use)? Is the use restricted by the owner or is it open and unregulated? What can be said about 

passive enjoyment of the resource (benefit)? Does it turn out that the benefits of the resource 

are private, or is anyone who comes across it free to benefit from it in accordance with the 

adage “finders, keepers”? Who maintains or cares for the resource? Is care performed by the 

owner, the employee, or nobody? Is accountability for issues regarding this resource 

(responsibility) assumed by the owner, or is no one is liable? The assessment criteria also 

include ownership. Is it privately owned, collectively owned, owned by the state, or open 

access? 
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With their Ways of Commoning tool, Gibson-Graham et al. (2013) present qualities 

of a resource and the community’s relationship to that resource that can result in an effective 

commons. However, Nightingale (2014) questions Gibson-Graham et al.’s (2013) idea of 

commoning. Her concern is that the concept takes it for granted that “issues of inequality, 

power, coercion and dispossession are no longer relevant” (Nightingale, 2014, p. 981). To the 

contrary, a careful look at the commoning process explained in Gibson-Graham et al. (2013) 

shows that such concerns are addressed, as shown in the following paragraphs. 

In order to create a new commons access of the property being commoned must be 

shared and wide, which means that it must not be restricted to the privileged, yet not totally 

unrestricted; as to who uses the resource, this must be negotiated by the community. There 

must not be domineering members who impose regulations on others in terms of active 

enjoyment of the resource, and yet it should not be left open and unregulated as this can lead 

to the infamous “tragedy”. Each person must have a say, and their concerns and contributions 

heard; the benefits of the resource must be widely distributed to the community and beyond. 

The commoners must leave room for allowing the passive enjoyment of the outcomes of the 

resource to those outside of the community, rather than having an attitude of the beneficiaries 

being restricted to initial owners, finders, or creators of the resource (this might not be an 

issue for the digital-knowledge commons, which can be shared without the resource 

diminishing). While the access and benefits might go beyond the community, care or 

maintenance must be spearheaded by the community; responsibility must be assumed by the 

community; they must be the managers of the resource and must be answerable for the 

wellbeing of the resource that sustains them and others. Therefore, each resource or property 

can be shaped into a commons with these guidelines that address extremes in the handling of 

resources that sustain communities and humankind in general. They can also provide a basis 
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for creating new commons, such as a community-based SDI, out of new community-

sustaining innovations. 

This thinking on commons combined with our earlier interrogation of PGIS and VGI 

give some credence to the idea of a community-based SDI that is powered by concepts from 

crowdsourcing, participatory thinking, and the commons. If all these concepts are available, 

why hasn’t such an SDI taken off yet? The community of grassroots smallholder farmers 

have the strengths of commons experience with existing commons, as shown in Chapter 2, 

but they lack research skills to further investigate how to enhance resource utilisation. Section 

2.3.4 has shown that they also lack technical know-how to build the digital-knowledge 

commons. Who will get it started? How do we overcome the lack of skills and resources for 

both bottom-up (PGIS) and top-down (VGI) models? Grassroots communities cannot do it 

without expert help. The action must be collective. But what kind of collective action could 

be incorporated in the framework to help answer these questions? 

3.5 Thinking SDIs with hybrid collectives theory 

In this section I draw attention to the hybridity required of the community in the 

community-based SDI. I argue that the concept of the hybrid collective is useful as an answer 

to the question of the kind of collective action—in the framework—that provides for the 

creation and subsequent maintenance of the grassroots SDI commons. What is missing from 

the understanding of the community-based SDI is the hybrid nature of the community that 

commons. One group of researchers which has shown the need to work together advocate for 

what they term a “hybrid collective” (Callon & Rabeharisoa, 2003). What is a hybrid 

collective? What does it consist of? 
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3.5.1 Hybrid collectives 

“Hybrid collective” is a term emerging from science and technology studies (STS), 

which imagines that the world is made up of material and social assemblages. The material 

refers to non-humans—technologies, equipment, documents and processes, etc.—while the 

social refers to humans. Because of their posthumanist and new materialist influence, STS 

scholars particularly emphasise the role of the non-humans in the world. They claim that 

these non-humans are “ignored altogether… or… get, as it were, passive, walk-on parts” in 

the stories of social scientists, who are anthropocentric in their approach to research (Callon 

& Law, 1995, p. 96). Inherent in the hybrid collective concept is the STS idea of actor-

network theory (ANT), which emphasises the role of non-human actors—be it in the 

production or research process (Latour, 2005). STS scholars ascribe agency to non-humans, 

referred to as “actants” in ANT. As Cameron, Gibson, and Hill (2014, p. 119) argue, actancy 

is “not the sole privilege of humans”. STS scholars do not imagine a world of two classes—

human and non-human—but a world of one class of members (actants) of more or less equal 

importance when it comes to accomplishing a task or taking a course of action. They have 

observed that action derives from the collective—of human and non-humans—and not from 

the human super hero as it were. They argue that “an actor is a patterned network of 

heterogeneous relations, or an effect produced by such a network”, adding that “an actor is 

also, and always, a network”—hence the term actor-network (Law, 1992, p. 4). 

To illustrate their point, Callon and Law (1995) give an example of Andrew, an 

imaginary managing director of a very large laboratory. They present him first as an 

individual and then as managing director. They argue that, as a person, Andrew’s action 

derives from what they refer to as “an arrangement of bits and pieces”—he is an emergent 

effect of this arrangement. He is a collective of interconnected “heterogeneous bits and 
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pieces” (Callon & Law, 1995, p. 101) that lie beneath his skin. He is a hybrid collective of the 

heterogeneous parts that constitute his body.  

On the other hand, Andrew’s work as a managing director is a form of action that 

derives from another set of bits and pieces, but this time lying beyond his skin, as it were—a 

hybrid collective of heterogeneous parts: his secretary, managers, and laboratory technicians. 

The collective also includes papers, reports, computers, printers, phones, and laboratories and 

other communication infrastructure that constitute the organisation he oversees. His action as 

managing director is an emergent effect of this arrangement. By himself Andrew cannot act. 

He can act only because there is a collective of which he is a part. It is both “the relations—

and their heterogeneity—that are important” in the explanation of the collective. The 

relations perform the agency and so the collective is the ultimate agent. They argue that, as a 

participant, you can only be a particular type of agent on account of what the collective 

enables you to be—your actions are an emergent effect of the collective (Callon & Law, 

1995, p. 98). 

In the research context, such an assemblage consists of humans—lay and 

professional—and non-humans working together to carryout research (Callon & Rabeharisoa, 

2003). The professional human participants in a hybrid research collective include not only 

researchers but also practitioners. In their article “Research ‘In the Wild’ and the Shaping of 

New Social Identities”, Callon and Rabeharisoa (2003) identify an assemblage that further 

illustrates the hybrid collective concept. It consists of lay and professional researchers, 

practitioners, and non-human participants that act together to create knowledge that helps 

answer questions around a rare medical condition called muscular dystrophy. The 

professional human participants in that collective, more specifically, were professional 

researchers, clinicians, and laboratory technicians. They worked together with lay 
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researchers, for example patients, their families, and their carers. The non-human participants 

included laboratories, narratives, genes and prosthesis. 

The heterogeneity of the hybrid research collective can be extended to gardens, 

gardeners, and recycling technologies. Collectives are also known to constitute websites and 

information and communication technologies as well as laws. This has been seen in the 

hybrid collective research approach exemplified by Cameron et al. (2014) in the example of 

community garden research projects in the Philippines and in Newcastle, Australia. By means 

of these projects, they show how, in a climate-changing world, a hybrid research collective, 

consisting of a range of human and non-human actants, can enhance the building and 

proliferation of community food economies (new food initiatives) to contribute to mitigating 

the problem. Both the Newcastle and Philippines projects involved academic and lay 

researchers. In the Newcastle Community Garden Project hybrid collective, non-human 

participants included gardens, municipal legislations, a bus, a website, and various 

technologies of communication, while those in Philippines Growing Food Economies Project 

collective included gardens, typhoons, various technologies of recycling, and communication.  

The hybridity of collectives can also include family members, hardware and software, 

mobile phones, the Internet, and providers. An example of a collective with such diverse 

participants is an Australia-based assemblage that seeks to research sustainable means of 

infant hygiene (Dombroski, 2016). This collective consists of such participants as academic 

researchers, mothers, fathers, grandparents, older children and babies themselves. The non-

human participants include “computers, tablets, mobile phones, cameras, internet 

infrastructure and providers, Yahoo! as forum provider, and physical infrastructure including 

undersea internet cabling, wi-fi radio waves, and other communication materialities” 

(Dombroski, 2016, pp. 640-641).  



79 
 

The hybridity of collectives can also include research supervisors and institutions, as 

seen in the experimental caring collective of and for doctoral students proposed as a 

contribution to practical ways of providing holistic support for doctoral students in an effort 

to reduce attrition rates (Dombroski et al., 2018). In our paper, we exposed the fantasy of the 

“supposedly autonomous human students and supervisors” attributing any success of a 

doctoral scholar to “wider networks of human institutions and socialities” and several non-

human actors (Dombroski et al., 2018, p. 90). 

I have thus far described the kind of collective (or community) action that could be 

incorporated into the SDI development framework to help with the commoning aspect of the 

community-based SDI. But who are the commoners? Who makes up the community that 

commons? 

3.5.2 Hybrid collectives commoning 

The concept of commoning was introduced in Section 3.4.2. In this section I introduce 

the idea that the community that commons is a hybrid collective. The hybrid collective is the 

entity or “community” that makes and shares the commons—it is the actor that does the 

commoning. The previous section provided case studies of collectives involved in the 

creation of and care for commons. In the case of Callon and Rabeharisoa (2003), the hybrid 

collective created and cared for a knowledge commons around muscular dystrophy. We also 

saw examples of collectives in Australia and the Philippines creating community networks of 

gardens commons that included digital-knowledge commons (Cameron et al., 2014). 

Dombroski (2016) presents the commoning and care for a mothers’ commons that includes a 

digital commons in the form of a website. 

In all these cases we see commoning—“the ongoing production and reproduction of 

commons”—by the collectives. These are the “we” that, according to Gibson-Graham et al. 
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(2013), establish protocols for sharing access to and use of the shared property. They shape 

the ways in which benefit is distributed, care is performed, and responsibility is shouldered as 

the commons comes into being. To be a commons there must be broad access to the property, 

and its use must be negotiated by the collective; the care of the property must be performed 

by the collective who must assume responsibility for it. In this way the commons that sustains 

the community will itself be sustained. 

This gives us a picture of how an SDI commons can be created and sustained by a 

hybrid collective. What does the hybrid SDI collective then consist of? What and who are the 

actors that could create the SDI commons?  

3.5.3 Hybrid SDI collectives 

Efforts at systematising research through hybrid collectives are already underway. In 

their research into hybrid collectives, Cameron et al. (2014) identify three techniques they 

regard as critical to the “hybrid collective research method”: gathering, reassembling, and 

translating (Cameron et al., 2014, p. 120). Gathering refers to bringing together elements or 

actants that form a collective. They explain reassembling as rebundling the gathered 

elements—whether in reality or conceptually—into designs or implementations that help 

produce the desired effects. The third interaction, translating, refers to application (or spread) 

of the research outcomes into contexts beyond the research sites. The outlining of these 

techniques paves the way for other researchers who adopt the hybrid collective approach to 

investigating phenomena. In order for this to happen in the case of SDI development, we 

must understand it to be an undertaking of a hybrid collective. This collective can be referred 

to as a “hybrid SDI collective”, similar to the “hybrid caring collective” to which belonged 

doctoral scholars (Dombroski et al., 2018), the “hybrid activists collective” to which 

belonged mothers (Dombroski, 2016), and the “hybrid research collective” to which belonged 

lay and professional researchers into muscular dystrophy (Callon & Rabeharisoa, 2003). The 
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hybrid SDI collective, then, is the entity that could create the SDI digital-knowledge 

commons. This collective is actually already there and has started to do this. It consists of 

smallholder farmers (the laypeople), the researcher (me), a supervisory team, GIScience/ICT 

practitioners, and technologies. It is such an entity, within the framework, that aims at 

ultimately acting to build the SDI. 

As this collective could not come into being by itself, I was one of the initiators, 

acting as a catalyst and a researcher who hails from the Global South—the part of the world 

for which SDI development solutions are being sought. My role has been to begin to gather 

people and things that could act collectively to assemble an SDI that could address the 

challenge of access to location information by the grassroots in their communities. 

There have been concerns about the ethical implications of researchers (“outsiders”) 

getting involved in the participatory research processes to the point of even questioning 

whether the research question itself can come from an outsider rather than the community 

(Minkler, 2004). It has, however, been observed that the role of the researcher as initiator is 

key and that many projects would not occur without the initiative of someone who is skilled 

in research and has dedicated time for it (Stoecker, 1999). With respect to the development of 

the research question, Minkler (2004) recommends that the researcher ascertain whether the 

proposal is really of interest to the local community concerned by asking the community 

whether the project reflects their concerns. Even though these questions have arisen in 

participatory research projects, they are only partially applicable to the hybrid collective 

concept since the research is embedded in the collective. In this approach the researcher is not 

an outsider but a part of the collective acting as an initiator and a catalyst. On the other hand, 

as we have shown in our paper, doctoral scholars hardly ever work completely independently, 

but are always directly or indirectly supported by an “institutional, material and social 

network” (Dombroski et al., 2018, p. 89). 
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What exactly, then, are the “heterogeneous bits and pieces” (Callon & Law, 1995, p. 

101) that constitute the hybrid SDI collective? The next section outlines the social and 

technical components of the hybrid collective. 

3.5.4 Inventory of the socio-technical components of the hybrid collective 

The collective that could build the community-based SDI must include components 

that can be gathered at a lower cost to increase the possibility of sustenance. Such 

components in a network with laypeople and professionals could achieve the required SDI 

digital-knowledge commons. This section, therefore, explores the free resources available for 

gathering. 

Open access geospatial education 

Nowadays, Internet users can access free resources through search engines and video-

sharing websites such as YouTube to teach themselves or at least provide themselves with 

knowledge on almost any subject, including GIScience. Smartphones and other spatially 

enabled devices are becoming ubiquitous and, with geospatial crowdsourcing at hand, 

equipping the crowd with a little more knowledge about handling geospatial data could go a 

long way in spreading SDI awareness and means of benefiting from it or contributing to its 

development.  

GIScience education is now available online. It provides the means of reaching 

“unreachable” communities by using expert knowledge in the geospatial realm. Where there 

is a limited number of GIScience professionals, these resources can be used to enhance the 

geospatial knowledge of communities and empower them with the means to solve their own 

location-based problems. Free learning resources, via the OpenCourseWare10 digital 

platform, have been made possible through the advocacy of the open educational resources 

                                                
10 https://ocw.mit.edu/about/ 
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movement (UNESCO, 2002; Wiley, 2006), which is mainly funded by the William and Flora 

Hewlett Foundation (William and Flora Hewlett Foundation, 2018). 

The open educational resources movement is also self-managed (not controlled by the 

government). There is a culture of promoting free access to learning resources that actually 

encourages the use of open source software for accessing these resources. The open 

educational resources movement have adopted rules that work for them, such as the Creative 

Commons licence (Creative Commons, 2014), to help them best manage the common pool of 

educational resources.  

Open access data 

With the advancement of ICTs have come Web-based free-to-access mapping 

platforms that enable geospatial data producers and providers to freely provide their products 

to the public. Prominent on the list of these platforms are OpenStreetMap, Microsoft’s Bing 

Maps, and Google Maps (Ciepłuch, Jacob, Mooney, & Winstanley, 2010). Some of the 

providers of these mapping services have social development programs that support 

initiatives aimed at improving the wellbeing of deprived communities or countries facing 

humanitarian crises. Google Earth Outreach is one such program aimed at equipping the 

public and non-profit organisations with geospatial tools to improve their wellbeing using 

maps (Google Earth Outreach, 2014). Other freely available sources of geospatial 

information include OneGeology and UNdata. OneGeology freely makes available global 

geological data (OneGeology, 2007), which is a potential source of a geospatial data layer in 

a crowd-driven SDI, while UNdata (United Nations, 2018) is an Internet-based data service 

of the United Nations Statistics and Population Division providing a wealth of global 

statistical information for easy download. Statistical information can produce very useful 

insights when combined with geospatial information. These developments are increasingly 
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empowering the public with tools for solving geospatial problems in their contexts. How, 

then, do members of the crowd proceed from here? A suite of software applications must be 

developed and made available for download and installation onto their mobile devices. In 

view of the resource constraints of the targeted regions, the technologies used to build these 

tools must be affordable. A key option for affordable software solutions lies in open source 

technologies. 

Open access software (open source software) 

Open source technologies, which are technologies that are free to use, modify, or 

share, are gaining worldwide acceptance both in government and the private sector (Garcia-

Perez, Mitra, & Somoza-Moreno, 2006; van Reijswoud & de Jager, 2008; van Reijswoud & 

Mulo, 2012; Wong, 2004). They have provided an opportunity for more affordable means of 

implementing an alternative infrastructure for supporting decision making when finances are 

the key constraint.  

As has been the case with many other technological developments, open source 

software solutions that emerged from non-location-based applications have been extended to 

the geospatial realm, providing this domain with a free alternative. Steiniger and Hunter 

(2012) are of the view that development of these geospatial open source software components 

has reached such a high level of maturity that they can comfortably replace proprietary 

software in many cases. GIS experts with a passion for SDIs have seized the opportunity. 

They have begun to identify the open source software that could support the development of 

open source SDIs. Some of the sources of funding for open source software projects are 

private institutions like Mozilla Open Source Support (Mozilla, 2018), academic institutions 

that partly sponsor GRASS GIS (OSGeo, 2018), and international organisations like the 

World Bank (World Bank, 2017a) that support the GeoNode SDI software project. Steiniger 
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and Hunter (2012) have made their contribution by providing a review of such open source 

software, which is a welcome development for countries—and, indeed, anyone—who cannot 

sustainably afford proprietary software. They have additionally provided assessment criteria 

to guide organisations using free software and have further made recommendations as to 

which options appear most suitable for SDI implementation. These developments can easily 

be taken advantage of by organisations and communities of the Global South. The huge 

figures highlighted in Section 1.1.5 make the alternative of open source software packages 

that are free of charge very attractive, especially considering that often their quality competes 

very well with commercial software (Chen, Shams, Carmona-Moreno, & Leone, 2010; 

Steiniger & Hunter, 2012, 2013). Granted, there may be challenges in terms of support, 

which when it cannot be obtained from user forums may be received (at a fee) from 

commercial organisations. However, even with the latter, the use of open source software 

stills results in huge savings. 

Bolivia provides a practical example of the reliability of open source software for 

SDIs. They have implemented an SDI based on the geOrchestra framework, a free and open 

source software structure (Rodriguez & Lesage, 2014). This is a pre-designed structure for 

building the technological component of an SDI. It consists of interoperable modules that are 

critical to the fulfilment of the goal of the SDI. The geOrchestra framework adheres to 

specifications of the renowned EU initiative Infrastructure for Spatial Information in Europe 

(INSPIRE) (geOrchestra SDI Project, 2009), making it a framework worth considering for an 

SDI initiative. 

Open source SDI initiatives offer immediate solutions to the financial and 

sustainability challenges faced in the SDI efforts of developing countries. The flexibility of 

open source software and the freedom to adapt to specific environments or circumstances 

make it very suitable for these contexts, particularly when it comes to their common 
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characteristic of being multilingual. With this flexibility, software applications can be 

developed in local languages, thus increasing the level of participation in the development 

process and leading to sustainable outcomes.  

The Bolivia case, being a state-driven approach, is bound to encounter other 

organisational challenges such as excluding grassroots stakeholders (Section 1.1), in the long 

run, but the example of an open source SDI it presents is a significant stepping stone for an 

SDI developed by the crowd. Crowd members could be able to create timely spatial datasets 

that are relevant to their circumstances and environment. Individuals or user groups may want 

to ensure fair use or less rigid terms of use of the works they create and so might seek to 

licence their spatial datasets or value-added products. Therefore licencing options, like 

Creative Commons, which have flexible terms and do not require the payment of legal fees, 

are of great interest for innovation and when the budget is tight.  

The characteristics of commoning are seen in the free and open source software 

movement in its hacker culture—a sign of community (GNU, 2016). They have many 

software projects around which they share ideas and code according to the rules outlined in 

the GNU General Public License (GNU GPL)—a free license that gives users the right to 

freely distribute copies and modified versions of software and other kinds of works (GNU, 

2016)  

Creative Commons licencing 

Creative Commons (CC) is a non-profit licencing organisation that freely facilitates 

the flexibility of copyright laws for authors who want the public to have greater freedom of 

use, distribution, and modification of their work and yet let it be used fairly. The CC licence 

enables creativity and knowledge to be shared with the public based on the author’s 

conditions (Creative Commons, 2014). While it is being used in formal SDI platforms like 
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Land Information New Zealand (LINZ, 2018), its values fit in with the concept of a bottom-

up SDI built by the crowd as it is not only flexible but also free, ruling out the need for 

contributors to pay to licence their spatial datasets and applications. Creative Commons thus 

crowns the suite of resources, emerging trends, and technologies that potentially address the 

challenges of SDI development in resource-constrained countries and together raise the 

possibility of building an SDI by the community. 

Creative Commons “was intended as a grass-roots movement of creators, otherwise 

known as copyright owners, who would look at this default of ‘all rights reserved’ and say ‘I 

don’t need all rights’, the most they need is some rights” (Lessig, 2008, quoted in Geere, 

2011). They felt that the default position of the copyright law gave them more rights than 

they needed, leaving them with no opportunity to surrender some rights for the benefits to 

others and to encourage further innovation. They were actually partly inspired by the Free 

Software Foundation and their GNU GPL licence (Geere, 2011). This licence is also designed 

to give authors the option to offer the public the freedom to use their works under less 

restrictive terms. Further evidence of a self-governed collection of people is the Creative 

Commons (CC) community, which has developed a licencing system that has been widely 

accepted worldwide such that within 15 years of its establishment (2016) there were 1.2 

billion CC-licenced works, ranging from educational resources, research, and music to video 

and photography (Creative Commons, 2016). Commoners can indeed develop solutions 

without the “oversight of centralised institutions or government” (Bollier, 2014). 

The hybrid SDI collective is thus diverse in nature, consisting of material, digital, and 

social components. The digital could include the websites through which geospatial 

educational resources and open source software are accessed, while the material could consist 

of the hardware/equipment that makes access to the digital resources possible. This includes 

fibre optic cables, radio waves, cell towers, smartphones, and computers. The social 
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components could include the open source software hacker community, GIScience 

professionals, and laypeople that access and use these resources. 

3.6 Conclusion 

In this chapter I have argued that community-based SDI development for the 

grassroots is more a picture of a hybrid collective activity than solely a VGI system or a PGIS 

process, both of which concepts are closely connected in some way to empowerment of the 

grassroots. The literature shows that what hybrid collectives build and care for are effectively 

commons, and the community-based SDI fits the description of a commons—a digital-

knowledge commons.  

Through this concept the hybrid collective, which hails from STS scholarship, is 

considered as the actor that builds and cares for the commons. The hybridity of the humans in 

the collective—the laypeople and professionals, humans and non-humans, participants and 

researchers, traditional and modern organisation—is an aspect I emphasise in order to present 

a framework that more fully reflects the nature of the community that commons the 

community-based SDI. This hybridity is not sufficiently reflected in VGI systems and PGIS 

systems, which were my first port of call for frameworks connected to empowerment of the 

grassroots. I term “hybrid SDI collective” this community of “heterogeneous bits and pieces” 

(Callon & Law, 1995, p. 101) that acts and propose it as a way of understanding the human 

and non-human elements that gather together to build the SDI digital-knowledge commons. 

In the next chapter I proceed to present a summary inventory of some of the key aspects of 

the non-human elements of the hybrid SDI collective. 
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4 GATHERING ELEMENTS OF THE HYBRID SDI COLLECTIVE 

4.1 Introduction 

In the hybrid collective concept, gathering involves bringing together the human 

elements that share a community concern and the remaining non-human part of the network 

that enables the collective to address the concern (Cameron et al., 2014). In the case of 

community-based SDI development, gathering involves the bringing together of the 

collective of human and non-human actors that build and maintain the SDI digital-knowledge 

commons to address the concern for access to location information for the grassroots 

community. 

In formal SDIs, spatial data is delivered to end users by GIScience professionals 

(people) through access networks or technology (hardware and software), institutional 

arrangements (policies), and data-sharing standards. These components of a typical SDI—

when viewed through the lens of the hybrid collective concept—constitute the elements of 

the hybrid SDI collective. This collective is the one that can build the community-based SDI 

digital-knowledge commons that could address the location information needs of grassroots 

communities in the Global South. Being a community-driven (rather than government-

initiated) activity implies challenges in the availability of resources to get the SDI started and 

subsequently maintain it. How then can this barrier be overcome? Section 3.5.4 pointed to 

possible resources for or means of overcoming this challenge of scarcity of resources. These 

possibilities included open access geospatial education, open access data, and open access 

software. How available and reliable are these resources for gathering in order to begin 

putting together the grassroots SDI? Figure 4-1 illustrates the overall goal of this chapter: 

gathering the elements of the hybrid SDI collective from free resources.  
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Figure 4-1   Gathering elements of the hybrid SDI collective 

As can be seen from the left part of the figure, the outer circle represents the hybrid 

SDI collective consisting of people, data, rules, standards, and technology. This is the 

community that builds the SDI digital-knowledge commons represented by the inner solid 

circle. The arrows are pointing to the SDI that is to be built by the elements of the collective. 

The right part of the figure shows how all the elements could come together to build the SDI. 

But are there adequate and affordable tools/resources for making this happen? This chapter, 

therefore, answers the research question, “To what extent can free resources support the 

gathering of the elements of the SDI collective?” This question was answered using the 

research methods outlined in the following section.  

4.2 Methods of data collection and analysis 

The research question was answered using a mixture of data collection methods and 

analysis. This included literature and website searches on the Internet for candidate elements 

to gather for the hybrid SDI collective. The shortlisted candidate elements were analysed for 

suitability based on set criteria, and the most suitable elements (free resources) were 
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recommended for adoption in the collective that commons the community-based SDI. The 

selection criteria for the respective elements—people, data, and access networks—varied 

according to type. The analysis of the software component of the access networks was based 

on the installation and operation of basic functions of the software packages in the respective 

software categories: desktop GIS, mobile GIS, and SDI software stacks. The details of the 

data collection and analyses are provided in the following sections covering the respective 

SDI elements.  

4.3 People: Gathering the lay (non-professional) elements of the collective 

People are the social aspect of the socio-technical assemblage that is the community 

that commons the SDI. The hybridity of the “people” in this collective is about the mix of 

laypeople and (GIScience) professionals. My focus in this section is on the laypeople in terms 

of what elements can be included in the collective to enhance their ability to more effectively 

participate in the building and maintenance of the community-based SDI. The combined use 

of the concepts of VGI and PGIS (see Sections 3.2 and 3.3) is a key means for enabling the 

participation of laypeople in SDI development, especially when it comes to data collection 

using smartphones. These ideas could be further supported by geospatial education, but the 

cost of this education is high (see Section 1.1.4). Free alternatives are available, as mentioned 

in Section 3.5.4. But how reliable and accessible are they? In the following paragraphs I 

examine open access geospatial educational resources in the search for an affordable and 

sustainable solution for SDI development. 

Open educational resources (OER) seem to have opened up the possibility of bridging 

the GIS knowledge gap that partly slows down the SDI development process. Some of these 

educational resources are formal while others are informal; yet both could be a means for 

educating the non-professional members of the hybrid collective. Being online resources, 
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they could cater mainly for “interested amateurs” who I refer to as GIS self-starters, but also 

some of the grassroots community members who are fast learners and who could in turn 

teach others. Coleman, Georgiadou, and Labonte (2009, p. 338) describe an interested 

amateur as “someone who has ‘discovered’ their interest in a subject, begun reading the 

background literature, consulted with other colleagues and experts about specific issues, is 

experimenting with its application, and is gaining experience in appreciating the subject”. My 

fieldwork in Zambia revealed that face-to-face learning, which involves learning by 

observation, was very efficient and effective for the grassroots (see Chapter 6). This shows 

that video-based educational resources, as opposed to text-based educational resources, could 

be of greater value, especially for step-by-step demonstrations of GIS software applications. 

On the other hand, the following feedback from one of the farmers (during a focus group 

discussion), when she was exposed to the basics of a smartphone, indicated that even among 

my research participants there were some with the marks of self-starters: 

I can now Google, which was not possible with the basic phone… I 

have been able to Google financial management, business 

management, tailoring, which helps me as an instructor… With time I 

realised that so this is a school! I can learn without going anywhere! 

(A 43-year-old female who went up to Grade 12) 

Such enthusiasm with new technology, however, needs close monitoring to assess its 

continuity in view of the possibility of it waning with time (Gartner, 2020). Additional cycles 

of the action research cycle, could provide valuable lessons on prospective GIS self-starter.  

OER includes online multimedia or text-based material that has been designed for 

teaching and is available for free (UNESCO, 2015). To what extent can this OER opportunity 

support bottom-up SDI development? How accessible are these resources? Do they 
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sufficiently provide access to GIS-related learning resources? Are there any other useful GIS 

learning resources on the Internet that can be useful to the target user? The answers to these 

questions are important because the wider the spread of GIS enlightenment, the greater the 

number of participating community members and the greater the innovations for local spatial 

solutions. There is a sense in which GIS brings together the wide range of other geospatial 

technologies as it provides a means through which the spatial data they collect can be 

displayed and analysed (AAAS, 2018). As people view digital maps, for example, created or 

displayed through GIS, it can provide an opportunity to explain the technologies that are used 

to collect the data used to create the map. For this reason an introduction to GIS helps to open 

doors to other tools that contribute to geographic mapping and analysis.  

The resources catalogued were explored for their usefulness in supporting GIS 

education and for whether members of local communities, such as the GIS self-starters of 

Ibenga smallholders, could be exposed to or pointed to these resources. Table 4-1 summarises 

the review of selected OERs, some of which are provided by UNESCO (2015) in their 

publication entitled “A guide to open educational resources” which has a section on “Where 

do I find OER?” Other sources included GIS-specific sites that were researched as part of this 

study. The criteria for review were ease of use of the resource and the support it offers for 

GIS learning, based on my knowledge of the users as presented in Chapter 2. Additional 

potentials were discovered during focus group discussions, such as the example cited earlier 

of the woman who figured out that it was possible to gather information for her class through 

the Google search engine. 
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Table 4-1   OER sites as well as GIS-specific sites 

Rank 
Name of online 
learning resource and 
suggested URL 

Key features Ease of use 
Support for GIS 
education 

1 
YouTube: 
https://www.youtube.
com/ 

Current, very large 
collection of resources 
covering a very broad 
array of GIS topics, both 
theoretical and applied. 
Very specific help also 
available for selected 
technology. 

Very easy Full support 

2 
GIS Lounge: 
www.gislounge.com/l
earn-gis-for-free/ 

Current, limited 
breadth  

Very easy Full support 

3 

MIT 
OpenCourseWare:  

http://ocw.mit.edu  

Has search option by 
search field as well as 
by tab navigation 
starting at “Find 
courses” 

Easy 

 

Full support; 
covers broad areas 
of GIS, both theory 
and practice 

4 
MERLOT: 
https://www.merlot.o
rg/merlot/index.htm  

Designed to provide 
access to curated 
online learning 
resources from an 
international 
community of 
educators, learners, 
and researchers 

Easy 
Provides a wide 
array of GIS 
materials 

http://ocw.mit.edu/
https://www.merlot.org/merlot/index.htm
https://www.merlot.org/merlot/index.htm
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Rank 
Name of online 
learning resource and 
suggested URL 

Key features Ease of use 
Support for GIS 
education 

5 

Open Educational 
Resources: 
www.oercommons.or
g 

Freely available lecture 
notes and class 
materials; particularly 
focussed on GIS theory 

Easy 
Heavy on GIS 
theory rather than 
technical support 

6 
OSGeo Resources: 
https://www.osgeo.or
g/resources/ 

A collection of theory 
and practical lessons 
for GIS; not well 
organised 

Medium Full support 

7 

OpenLearn (The Open 
University): 

http://www.open.edu
/openlearn/  

Has an effective search 
field; the search term 
“geographical 
information systems” 
yields introductory 
notes on topics such as 
maps, geographic data, 
and GPS 

Difficult 

 

Limited GIS related 
resources 

8 

Open Courseware 
Consortium: 
https://www.cccoer.o
rg/learn/find-oer/ 

List of places with 
available resources 

Difficult 

Limited GIS 
support; resources 
difficult to 
discover  

9 

Creative Commons 
Search (beta): 
https://ccsearch.creat
ivecommons.org/  

Focus is on access to 
images for use and 
remixing; website still 
at prototype stage 

Difficult 
Nature of resource 
not supportive for 
GIS learning 

 

In this review, ease of use was the most important factor because an interface that is 

not user-friendly could make it difficult to find the material/information required and could 

discourage a user even if the content was present and useful. In the selection criteria, a 

http://www.oercommons.org/
http://www.oercommons.org/
https://www.osgeo.org/resources/
https://www.osgeo.org/resources/
http://www.open.edu/openlearn/
http://www.open.edu/openlearn/
https://www.cccoer.org/learn/find-oer/
https://www.cccoer.org/learn/find-oer/
https://ccsearch.creativecommons.org/
https://ccsearch.creativecommons.org/
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resource site was regarded as very easy if a relatively short time (less than one minute) was 

required to access the desired material using “introduction to GIS” as a search key. If the site 

required the longest time (greater than three minutes) or did not have the material it was 

regarded as difficult (see Table 4-2). The level of support for GIS education was the next 

most important criterion; thus a user-friendly site that does not have GIS content was ranked 

low as it would not enhance the goal of equipping communities with GIS education any way. 

When examined from these perspectives, the most appropriate learning resource was found to 

be YouTube, followed by GIS Lounge. As can be seen, almost all OER have both user-

friendly interfaces and GIS content and can therefore be useful to learners. YouTube clips, 

however, might be more useful for the target user community because of limitations in their 

command of the English language: while they may have challenges with their spoken and 

written English, their ability to understand spoken English is a lot stronger. The challenge 

with YouTube videos for this community, however, is the fact that it requires a fast 

connection—compared to text-based tutorials—and consumes a lot of data, something that 

might not be affordable for them. Internet connectivity is intermittent in this area due to the 

sparsely spread cell towers through which it is accessed. 

Table 4-2  OER resource selection criteria 

Very easy Easy Medium Difficult 

0-1:00 minutes 1:01-2:00 minutes 2:01-3:00 minutes >3:00 minutes 

 

Summary of findings on the search for GIS resources 

The GIS educational resources available via the Web are many and diverse. They 

range from basic theory taught in an introductory course to very high-level postgraduate 

course material, and include detailed descriptions of technical know-how to create GIS 
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systems. While OER have been catalogued by organisations such as UNESCO (2015) and 

many online groups such as OER Commons (2018), my findings show that the best type of 

discovery tool is YouTube from which one can search for and find video clips such as an 

introduction to QGIS.11 The wide access to updated links to OER resources that discovery 

engines such as Google provide stand in contrast to the defunct URLs in the list provided by 

UNESCO (2015). Another OER source that has demonstrated great potential for supporting 

the hybrid SDI collective is OER Commons’s curated collections (OER Commons, 2018) 

because of their ease of use. 

Addressing the challenge of the cost of Internet connectivity for the “people” 

With a streamlined source of GIS learning resources, there still remains the challenge 

of the cost of Internet connectivity for the learner. In the history of OER, Wiley (2006) lists 

among the trends in the development of OER a project that provides hope for addressing this 

problem for prospective learners of GIS. The larger the number of GIS learners, the greater 

the possibility of involvement in the collection of spatial data for the SDI using a 

combination of VGI and PGIS approaches. This could also increase the possibility of 

sustainability of the community-based SDI. The project Wiley introduced, the eGranary 

Digital Library,12 is an information resource that mimics the Internet, and yet all the “Web” 

content is accessed without Internet connectivity. 

This innovation, developed under the WiderNet Project by Cliff Missen and Michael 

McNulty (WiderNet, 2018), consists of a wide variety of locally stored content which has 

been curated with permission to be made available offline. Once the users connect their 

computer, laptop, or smartphone to this resource containing millions of educational materials 

on a 6 TB hard drive, they can browse it in a manner similar to browsing Internet content. It 

                                                
11 https://www.youtube.com/watch?v=5QIYZmysDNM 
12 https://www.widernet.org/egranary/ 
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is no wonder that it is sometimes referred to as the “Internet in a Box”. The eGranary Digital 

Libraries have received worldwide acceptance with the greatest concentration in the Global 

South, an indication of where the greatest need lies (see Figure 4-2).  

 

Figure 4-2   Worldwide distribution of eGranary Digital Libraries (WiderNet, 2018) 

This information resource is packaged in a number of ways depending on the 

technology available to the user(s) and how much they can afford. The project leaders make 

no profit in the sale of this technology in order to make it affordable and accessible to as 

many people and institutions in the Global South as possible. A sample of the “Internet in a 

Box” packaging options is given below13:  

i. eGranary Server, for institutions that already have a local area network 

(LAN) set up or a standalone unit.  

ii. 12-Volt eGranary Server, another option for institutions that wish to connect 

it to a pre-existing LAN. It can serve hundreds of users. 

                                                
13 https://www.widernet.org/eGranary/purchase/pricing 
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iii. External USB eGranary, a portable, standalone version.  

iv. Internal Hard Drive eGranary, for mounting inside a server. 

v. The eGranary Tab Lab, an option that comes with six 10” tablet computers. 

For institutions, community centres, and farmers’ co-operatives that can afford it, this 

could be the solution to the problem of reliable Internet connectivity and daily connectivity 

cost. This potentially addresses the challenges of accessing YouTube videos, which were 

found to be the top online GIS learning resource suitable for the community, since the 

eGranary Digital Library allows for all types of content, including YouTube videos. With 

clearly indicated Web links from search engines and direct URLs to the OER Commons’s 

curated collections, a larger number of users could more easily and more affordably access 

GIS learning resources. Even with this low-cost approach to the provision of this resource, a 

careful cost analysis is necessary when communities consider this option. It seems, though, 

that the larger the number of users per installation, the more economical it is. Information 

updates to each eGranary installation are done once in a while by linking up to the WiderNet 

project servers in Iowa, USA, which host the latest curated educational Web content. It is 

encouraging to note that eGranary is already in use in Zambia, particularly in health 

institutions (WiderNet, 2019), as this confirms its feasibility in the Zambian context and 

provides examples to learn from.  

It is evident that the devices that are most prevalent in resource-constrained parts of 

the Global South are mobile phones (compared to desktop computers and laptops), and the 

innovators of the eGranary Digital Library have not been oblivious to this fact. They have 

embarked on another innovation aimed at seizing the opportunity presented by the ubiquitous 

smartphone in the hands of multitudes in the Global South. For example, the smartphone 

adoption rate in Latin America as at 2017 was around 61% and is predicted to reach 76% by 

2025 (Statista, 2018). The latest eGranary innovation is the smartphone-based eGranary 
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Pocket Library.14 The idea is to move from packaging the educational materials in a 6 TB 

hard drive to packaging them in a smartphone memory chip of 8–64 GB. This does not rely 

upon compressing the 6 TB of existing data but rather customising Web-based resources to 

include only content that each community of users regards as its core material for their 

purpose. This idea could help in spreading the GIS content even more widely. As is the case 

with the eGranary Pocket Library, there could be the option of inserting an eGranary Pocket 

Library chip that contains only material relevant, say, to GIS. This could potentially increase 

the number of grassroots community members with GIS know-how for improved managing 

of digital-knowledge commons. Figure 4-3 shows my envisaged flow of GIS material from 

search engines and OER to the user’s smartphone. 

                                                
14 http://www.widernet.org/igg 



101 
 

 

Figure 4-3   A model of smartphone user access to GIS learning resources through the eGranary 
Pocket Library (without Internet) 

As indicated earlier, apart from exposure to online learning resources in GIS, the 

contribution of laypeople in the hybrid SDI collective could be enhanced by equipping them 

with appropriate user-friendly spatial data collection mobile apps for installation on their 

smartphones. This could enable them to collect data for the SDI directly on the ground using 

VGI and PGIS concepts and tools in combination. VGI platforms require background or base 

maps for GIS applications to achieve this. The following section therefore explores free 

satellite imagery and vector data sets for possible use in the community-based SDI.  
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4.4 Data: Gathering spatial elements of the collective 

Data is another element of the hybrid SDI collective and falls in the category of non-

human actants. As explained in Chapter 3, no one member of a collective can achieve a goal 

independent of the others—they all work together in a network. It is the network or collective 

that accomplishes any given task as each party enables the other. The task at hand is building 

and maintaining an SDI digital-knowledge commons, and spatial data in the form of base 

maps plays a key role. It is for this reason that the available free spatial data resources are 

reviewed in this thesis in terms of suitability for incorporation into the hybrid SDI collective. 

The cost of acquiring geographical information has been one of the impediments of 

SDI development. Some of the costs have been indirect, as for instance the high-priced 

spatial data capturing equipment including differential global navigation satellite system 

(GNSS) receivers. Others, on the other hand, are direct costs, involving for instance purchase 

of geospatial data such as satellite images. The remaining stages of the GIS process, such as 

analysis, management, storage, and publishing, also have their own costs. VGI has shown 

potential in extending to these stages, as seen from the OpenStreetMap (OSM) project. This 

mapping platform has opened the doors to even more advanced and diverse contributions as 

long as the right tools are developed for the contributors and a framework is set in place to 

ensure a smooth process. Each human member of the hybrid SDI collective can make their 

contribution given the right resources. There are a number of other freely available sources of 

geographical information that could be included in the community-based SDI repository or 

for use as base maps or (background) imagery in GIS applications. These would, however, 

require evaluation of fitness for use in supporting geospatial data collection in the rural 

community of the smallholder farmers. As the main use could be as a base map, the 

geographical information required would have to be in the form of a vector map or in a raster 

format such as orthophotos or satellite imagery. These would be required to support screen 
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digitising (for the GIS self-starter or GIScience professionals in the collective) from a 

desktop computer or a background for “ground digitising” with a smartphone. This would be 

used for updating an existing vector map with unmapped or newly constructed infrastructure 

in the community or creating a completely new vector map where no such map exists, as is 

the case in many remote areas. In view of this purpose, the resources in raster format would 

need to have sub-metre resolution to enable digitising of the average building size in rural 

areas. An Internet search for possible sources of free spatial data sets for review yielded 

GISGeography.com, a website that ranks second on a list of 60 blogs and websites about GIS 

(Feedspot, 2018), which has compiled a list of mapping resources labelled “Best Global 

Raster and Vector Datasets” (GISGeography, 2018), making it a useful source of free spatial 

data sets to review. Some of the possible sources missing from GISGeography.com found 

through an Internet search and enlisted for review were GADM, the United Nations, the 

World Bank, and the World Health Organisation.  

Analysis and discussion of raster and vector datasets (Table 4-3)  

Table 4-3 summarises the review of freely available geographic information resources 

presented. In this review, most of the listed resources are thematic datasets focusing on, say, 

the population or the environment rather than on topographic information that is required for 

a base map for desktop screen digitising or a background for mapping with a location-enabled 

mobile device. In terms of data format, some only offer PDFs, like the UN source, while 

others are only for online viewing (no download option), such as the World Bank data source. 

The other observation is that their resolution is too low for the purposes mentioned above in 

fulfilling the goal of the community-based SDI. Out of all the resources examined, only 

OpenStreetMap, GADM maps, and Sentinel satellite data meet the selection criteria closely. 

Sentinel provides the required topographical imagery and has the highest resolution at 10 m, 

although that is still lower than the set sub-metre criteria. GADM maps and OpenStreetMap 
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were recommended for vector data. GADM maps provide vector data of administrative 

boundaries worldwide while OpenStreetMap provides the required information for the 

community-based SDI in vector form, though it needs updating in many more remote areas of 

the Global South. Google Maps, Google Earth, and Bing Maps, which all have a relatively 

higher and acceptable resolution, were not reviewed as they are proprietary products with 

licence restrictions for use in third-party apps. 

In the next section I review the two components of an SDI, policy and standards, 

which are material elements the hybrid SDI collective. 

.
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Table 4-3   Free maps/mapping platforms15 

No. Maps/Mapping Platforms Data Type; Format; Features 
Comments on 
platform 

Resolution and Fitness for Purpose  

1 

Esri Open Data (World Imagery 
Map) : 
https://hub.arcgis.com/pages/ope
n-data  

Spreadsheet, KML, shapefile 
Easy to select and 
download datasets 

Shapefile only covers country 
boundaries—no other features inside; not 
suitable for base map 

2 
FAO GeoNetwork: 
http://www.fao.org/geonetwork/  

Agriculture, fisheries, land 
resource GIS data 

Unclear 
information on 
download 
procedure 

Could not find option for downloading 
dataset; seems like viewer-only; not 
suitable for base map 

3 
ISCGM Global Map: 
http://www.iscgm.org/  

Boundaries, drainage, 
transportation, population 

Not assessed 
ISCGM terminated its website service on 
December 19, 2016 

4 
NASA Earth Observations (NEO): 
https://neo.sci.gsfc.nasa.gov/  

Raster data for climate and 
environment; JPEG, PNG, 
GeoTIFF, or GoogleEarth (KMZ) 

Easy to select, but 
unclear 
information on 
download 
procedure 

Download procedure not clear; 
no suitable data found; only thematic 
maps 

5 

Global High Resolution Urban 
Data from Landsat: 
http://sedac.ciesin.columbia.edu/
data/set/ulandsat-hbase-v1/data-
download  

Socioeconomic data, including 
remote sensing 

Easy to select and 
download datasets 

30 m Landsat; not suitable 

                                                
15 https://gisgeography.com/best-free-gis-data-sources-raster-vector/ 

https://hub.arcgis.com/pages/open-data
https://hub.arcgis.com/pages/open-data
http://www.fao.org/geonetwork/
http://www.iscgm.org/
https://neo.sci.gsfc.nasa.gov/
http://sedac.ciesin.columbia.edu/data/set/ulandsat-hbase-v1/data-download
http://sedac.ciesin.columbia.edu/data/set/ulandsat-hbase-v1/data-download
http://sedac.ciesin.columbia.edu/data/set/ulandsat-hbase-v1/data-download
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No. Maps/Mapping Platforms Data Type; Format; Features 
Comments on 
platform 

Resolution and Fitness for Purpose  

6 
Natural Earth Data: 
http://www.naturalearthdata.co
m/downloads/  

Cultural, physical, and raster 
(base-map data); 
TIFF, ESRI shapefile, QGIS 
documents 

Easy to select and 
download datasets 

1:10 m, 1:50 m, and 1:110 million scales; 
not suitable for base map as scale too 
small for screen digitising 

7 
Open Topography: 
http://www.opentopography.org/  

LiDAR, raster; LAS, GeoTIFF 
Easy to select and 
download data 
sets 

LiDAR 1 m; raster 30 m; limited in global 
coverage, with most of the Global South 
excluded; not suitable 

8 
GADM maps and data: 
https://gadm.org/ 

Vector; Geopackage, Shapefile, 
R(sp), R(sf), KMZ; global 
administrative areas at all 
levels per country 

Easy to select and 
download data 
sets 

High-resolution database of country 
administrative areas. Suitable for 
community-based SDI base map 

9 
OpenStreetMap: 
https://wiki.openstreetmap.org/w
iki/Downloading_data  

Vector; buildings, land use, 
railroads, roads, waterways 

Provides for API to 
use on own 
platform 

High spatial resolution cultural vector 
data; suitable for use; needs updating for 
remote parts of Global South 

10 
Sentinel satellite data 
https://earthexplorer.usgs.gov/ 

Raster data 

Provides helpful 
options for 
narrowing down 
search 

10 m resolution satellite data; provides 
topographical data; relevant data type but 
resolution not suitable for screen 
digitising for the community-based SDI 

11 
Terra Populus: 
https://www.terrapop.org/  

Provides world population and 
environmental data; PNG, 
GeoTIFF 

Easy to select and 
download datasets 

Thematic data; not suitable for base map 
for screen digitising 

http://www.naturalearthdata.com/downloads/
http://www.naturalearthdata.com/downloads/
http://www.opentopography.org/
https://gadm.org/
https://wiki.openstreetmap.org/wiki/Downloading_data
https://wiki.openstreetmap.org/wiki/Downloading_data
https://earthexplorer.usgs.gov/
https://www.terrapop.org/
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No. Maps/Mapping Platforms Data Type; Format; Features 
Comments on 
platform 

Resolution and Fitness for Purpose  

12 
World Health Organisation: 
https://www.who.int/gho/map_g
allery/en/  

Raster data; JPEG; thematic 
maps 

User has to screen 
print and save as 
JPEG 

Low-resolution maps extracted by screen 
print; thematic maps covering content 
such as malaria, HIV/AIDS and child 
health. Not suitable for a base map 

13 

United Nations Geospatial 
Information Section: 
https://www.un.org/Depts/Cartog
raphic/english/htmain.htm  

Raster; PDF; thematic maps 
Easy to select and 
download 

Low-resolution (PDF), fixed scale; general 
thematic and topographic maps and 
gazetteers; not suitable for base map. Can 
be saved as part of SDI map repository  

14 
World Bank: 
https://beta-
maps.worldbank.org/#  

Online interactive viewing; 
no provision for map 
download, only viewing 

Easy to access and 
interact with 

Available only for online interactive 
viewing; not suitable for base map 

https://www.who.int/gho/map_gallery/en/
https://www.who.int/gho/map_gallery/en/
https://www.un.org/Depts/Cartographic/english/htmain.htm
https://www.un.org/Depts/Cartographic/english/htmain.htm
https://beta-maps.worldbank.org/
https://beta-maps.worldbank.org/


108 
 

4.5 Policy and standards: Collective to progressively develop SDI guidelines 

and standards 

The non-human actants in the hybrid collective concept include not only such 

elements as data but also policy documents and standards. While these are created by humans 

and followed by humans, they take on a life of their own and work as institutional actors 

within a hybrid collective. These work together with other human and non-human elements 

as a unit to build and care for the SDI.  

The policies and guidelines as well as standards for the operation of the community-

based SDI are aspects that can only be determined with long periods of use and so could not 

be explored in practice in the available research period. In view of this, I can only make 

suggestions based on similar projects. For example, guidelines could emerge from the 

contributors, similar to the development of Wikipedia guidelines whereby best practice 

emerges from the community (Wikipedia, 2017, 2018a, 2018b). Similarly, the 

interoperability rules for handling spatial data could also emerge from the community as it 

grows and could, with time, become de facto standards, as have Esri’s shapefiles (i.e., their 

spatial data format). The community could also solicit the Open Geospatial Consortium 

(OGC, 2018) open standards. OGC is a not-for-profit standards organisation that coordinates 

the development of publicly available standards (unlike ISO standards which require 

purchase) to facilitate the sharing of spatial data. All these can build on the commoning 

practices of local people (outlined in Chapter 7). 

The policy and standards components of an SDI are the means through which the 

technical component of the SDI is implemented. The technical component—access 

networks—and its compositions are therefore reviewed in the following section as the 

process of gathering elements of the collective continues. 
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4.6 Access networks: Gathering the technical elements of the collective 

Access networks are the technological components of the hybrid SDI collective. This 

refers to the technology that facilitates the creation and sharing of spatial data—the digital-

knowledge commons—through a Web portal. Access networks consist of hardware and 

software. Hardware encompasses the equipment that facilitates Internet connectivity, such as 

fibre optic cables, cell towers, cell phones, electricity power lines, and computers. Software 

includes computer programs for data collection and processing (desktop and mobile GIS), 

data management and storage (spatial database server), data access and publishing (Web map 

server), and data documentation (metadata) and cataloguing (catalogue server).  

The hardware aspect of the access networks can be broken down into two parts: the 

overall technological infrastructure and equipment that provides an enabling environment 

such as the fibre optic cables, power lines, and cell towers on one hand, and the devices that 

tap into this infrastructure such as servers, desktop computers and mobile phones on the other 

hand. While the overall enabling infrastructure is vital for the functioning of the hybrid SDI 

collective, this thesis does not focus on it but instead regards the hybrid SDI collective (with 

its human and non-human actants) as a node of a broader network from which it taps its 

resources. The other reason this aspect of the access networks of a typical SDI is not explored 

is that it is a realm that is beyond the influence of the grassroots communities as it is in the 

jurisdiction of the state, and thus it is a background issue that may not be easily addressed by 

the community. This is one of the reasons I mentioned in Section 1.1.5 that the concept of a 

bottom-up SDI is not completely independent of the state but views the state and its 

infrastructure as a provider of an enabling environment for self-management. As far as 

servers, computers, and mobile phones are concerned, the concept assumes that these devices 

are already available in the collective.  
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The possibilities for local communities to participate in the creation of location 

information have been enhanced by advances in the technology being made available to 

them. The more affordable this technology is the greater the number of equipped community 

members who can participate in the creation and maintenance of the SDI digital-knowledge 

commons. Free and open source software, which has lower ongoing costs compared to 

commercial software, is an option worthy of consideration for communities of the Global 

South. But what are the current developments with respect to free and open source software 

for the building of a bottom-up SDI?  

In the following sections I provide evidence, through reviews, that there is sufficient, 

reliable, and affordable free and open source software to support the process of building a 

community-based SDI. The goal is to assess what is currently available and select the most 

suitable set for equipping the collective that builds the bottom-up SDI. What software 

packages are suitable for building the SDI digital-knowledge commons? Figure 4-4 illustrates 

the goal. 

 

Figure 4-4   Gathering the technology (software) component from open source software options 
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With the ultimate goal set for the technology aspect of the SDI collective I now show, 

in the following section, the position of these software components in a formal SDI 

architecture and their current role in the delivery of spatial data. The aim is to show the 

function of each—commercial—component, how each relates to the others, and which 

commercial component needs to be replaced with the free and open source alternative. The 

presented architecture also reveals exactly where the gap lies in the formal SDI 

architecture—the absence of mobile GIS. 

4.7 SDI architecture: The “arrangement” that currently handles spatial data 

The delivery of spatial data—from the hybrid collective perspective—is an action that 

is derived from “arrangements of materially heterogeneous bits and pieces including humans” 

(Cameron et al., 2014, p. 120). It is the collective of humans (producers and providers) and 

non-humans (technologies including software applications) that enables access to spatial data 

by end users. This section presents the technological aspect of this “arrangement”—in current 

SDIs—with a focus on software. Providing this picture is part of the preparatory groundwork 

for the software review in Section 4.8. The aim is to show the relevance of each actor to the 

network that handles spatial data in traditional SDIs, which are normally based on 

commercial software and exclude mobile GIS. The significant difference between the 

community-based SDI and the government-driven SDI lies in the hybridity of the community 

that builds the SDI. From the technology point of view the community-based SDI includes 

mobile GIS, which is absent in the architecture presented in this section. 

The technical component of a formal SDI provides a platform for exposing spatial 

data resources to end users by respective producers and providers. It also facilitates end user 

access to data through a geoportal (using a Web browser or map viewer), a platform similar 

to the portal for ArcGIS. This is a special Web portal, one whose functionalities include 
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finding and accessing spatial data (see Figure 4-5). It represents the “face” of an SDI, as far 

as the public is concerned. It is the “meeting place” of all data providers, producers, and users 

for exchanging and use of spatial data (Maguire & Longley, 2005). If on exploring the data 

on the geoportal the members of the SDI collective or end users discover the data they 

require, they then make a request for download from the provider. They can then download 

the data onto their own spatial database or hard drive for further analysis or direct use.  

 

Figure 4-5   Types of geospatial software used in an SDI (adapted fromSteiniger & Bocher, 2009) 

The data in the SDI could be initially collected through a variety of methods, 

including remote sensing approaches such as satellite imagery capture, aerial photography, 

and light detection and ranging (LiDAR) instruments mounted on aeroplanes or drones. Other 

methods include global navigation satellite systems (GNSS) such as GPS using high-

precision equipment.  
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Spatial data collection for an SDI can also be achieved by extracting, say, a line or 

vector map from a satellite image by means of screen digitising using desktop GIS software 

such as ArcGIS. An example of this approach is the data collector in Figure 4-5, which shows 

the arrangement of various types of SDI software and how they interact. The created data is 

stored in a spatial database management system such as Oracle Spatial and Graph or the 

Microsoft SQL server. This data can later be retrieved by a GIS analyst for editing and 

preparation for publication. The GIS analyst can directly access the data from the spatial 

database and edit it using desktop GIS software. In cases where an institution has a dedicated 

server for GIS functionalities—a GIS server—then the GIS analyst does not need to have 

desktop GIS software installed on their computer and can access the GIS server software 

remotely through the Internet. An example of such server software is ArcGIS. It is similar to 

playing a YouTube video in the browser without a video player installed on one’s computer.  

In order to enable the user or client to view/explore spatial data from the spatial 

database management system in the form of a map through a Web browser (see Map Viewer 

in Figure 4-5), a map server with map server software installed is required. The map server 

needs to implement appropriate OGC standards for serving spatial data as a map (image). In 

this case, the OGC standard is Web Map Service (WMS). This is one of the reasons standards 

are a key component of SDIs.  

The other common OGC standards that enable the serving of spatial data from a 

spatial database management system over the Web are Web Feature Service (WFS) and Web 

Coverage Service (WCS). WFS is similar to WMS except that unlike WMS it serves spatial 

data (a feature layer) with elements that can be isolated for further manipulation. The 

difference between the two can be likened to the difference between a Word document 

(editable) and a PDF document (not editable) respectively. A feature layer can be requested 

from a spatial database management system through a Web map server that implements the 
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WFS standards. It is worth noting that feature layers are vector layers (points, lines, and 

polygons), so if the user or GIS analyst requires satellite images for further processing, they 

need a coverage layer and not a feature layer. In order for the spatial data in the spatial 

database management system to be presented as a coverage layer (raster data and cell values) 

over the Web through a Web browser, the standard that the intermediary server (Web map 

server) must implement in terms of the spatial data is the WCS. In some cases, a dedicated 

application can be installed on the client side to enhance the browser’s viewing and editing 

capabilities. Web map servers also generate the more commonly known data formats, such as 

shapefiles and CSV files, from the data stored in the spatial database. 

Apart from having a dedicated server to access GIS functionalities for data 

manipulation, there is also an OGC standard that a Web server can implement to enhance 

Web browsers with the capabilities of editing spatial data over the Web. This standard is the 

Web Processing Service (WPS). Through WPS spatial data can be sent along with an analysis 

request to a remote server over the Web. The analysis is done using the processing power of 

the remote server and not that of the client computer. The OGC standards presented so far 

enable a client to view spatial data over the Web browser, but in order for the user to know 

what data to request, they must know what spatial data is available in the distributed 

databases of SDI contributors. 

Data exposure is made through the publication of its description or metadata, which is 

usually defined as “data about data” (OSGeo, 2012). The geoportal has functionalities similar 

to a library catalogue or the Yellow Pages directory of businesses. Software dedicated to 

handling data documentation and cataloguing has been developed and is generally referred to 

as metadata and cataloguing software. A commercial example of this is MapInfo Manager. 

The geoportal taps into cataloguing software of this type, which can harvest metadata from 

SDI contributors or facilitate the cataloguing process using yet another OGC standard, the 
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Catalogue Service for the Web (CSW). Metadata cataloguing software interacts with Web 

map servers, which are the means through which they collect metadata from the respective 

databases of providers and producers of spatial data. The example of SDI software provided 

in Figure 4-5 does not include metadata cataloguing software. This could be because some 

Web map servers have in-built metadata cataloguing functions. See Figure 4-6 for a more 

complete SDI architecture arranged according to the functions of respective components 

described earlier. The ultimate architecture based on the community-based SDI concept is 

presented in Chapter 5. 

 

Figure 4-6   Arrangement of technological elements of the traditional SDI collective 
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The above shows how the various software packages interact in order to deliver 

spatial data. It provides samples of proprietary software packages that are available on the 

market. These packages, however, can come at a prohibitive cost in terms of purchase and 

licence maintenance (Idrizi et al., 2014; Oracle, 2018), thus slowing down the SDI 

implementation process in the Global South. For this reason, open source projects have been 

embarked on over the years by universities, groups, collectives, and governments to develop 

free and open source alternatives (OSGeo, 2020; World Bank, 2017a). Can free and open 

source technologies fulfil all the requirements of the access networks component for an SDI 

collective? Are there any technology gaps that need to be filled? The following section 

highlights the potential of the free and open source software alternatives and presents the 

equivalents to the proprietary software for later review.  

4.8 Free and open source software: A potential contributor to community-

based SDI development 

Free and open source software for geospatial data still comprises a relatively small 

body of software. However, the collection is growing rapidly and has continued to mature 

(Rodriguez & Lesage, 2014; Steiniger & Hunter, 2012), a demonstration of the effectiveness 

of the digital commons, which open source software projects are, as shown later in Section 

7.2. Some of the most well known pieces of free and open source software include GRASS, 

QGIS, MySQL, PostgreSQL/PostGIS, GeoServer, MapServer, and GeoNetwork. All of these 

can be incorporated into setting up an SDI; and since they have lower ongoing costs they 

provide potential technological elements of the hybrid SDI collective that commons the 

community-based SDI. To what extent are they able to support such an SDI? Steiniger and 

Hunter (2012) have catalogued a variety of free and open source software packages according 

to the respective software categories that are required to build a formal SDI. Rodriguez and 

Lesage (2014), on the other hand, presented a state-driven implementation of an SDI, the 
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Spatial Data Infrastructure of the Plurinational State of Bolivia (abbreviated as IDE-EPB after 

its Spanish name). Both provide good bases for comparison with a possible open source 

software-based SDI driven by the community. Can we use exactly the same technologies for 

a community-based alternative of an SDI as presented by Rodriguez and Lesage (2014) and 

Steiniger and Hunter (2012)? Or are there more advantageous options and combinations? In 

Table 4-4, I have compiled a detailed list of candidate open source software for building an 

SDI for review. 

Table 4-4   Free and open source software options for SDI 

Desktop GIS Mobile GIS 

Server GIS (SDI software stack components) 
SDI 

software 
stack Spatial database 

Web map 
server 

Metadata 
cataloguing 

GRASS GIS, 

gvSIG 
Desktop, 

ILWIS Open, 

MapWindow 
GIS, 

OpenJUMP, 

QGIS, 

SAGA GIS, 

uDig 

GeoCollect, 

geoODK 

H2 DBMS, 

Hibernate, 

INGRES, 

MySQL spatial 
extension, 

PostgreSQL/PostGIS 

Deegree, 

GeoServer, 

MapGuide 
Open Source, 

MapServer, 

QGIS 
mapserver, 

CatMDEdit, 

Deegree 
framework, 

GeoNetwork 
Open Source, 

MDweb 

Boundless 
Suite, 

Cartaro, 

easySDI, 

geOrchestra, 

GeoNode, 

Geoportal 
Server 

 

The following section reviews these free and open source software packages for 

community-based SDI development in the Global South. The review is presented in terms of 



118 
 

categories of software typically used in SDI development: desktop GIS, mobile GIS, and SDI 

software stack. One notable component missing from the traditional SDI architecture as 

represented by Figure 4-5 and Figure 4-6 is a mobile device for data collection. This is a gap 

that requires filling in SDI development especially for the grassroots SDI. Since GPS 

technology is now incorporated into communication devices, smartphones are becoming 

spatial data collection instruments as well (Heipke, 2010; MacLaren, 2012; Sui et al., 2013). 

It is for this reason that I have included mobile GIS among the software packages to review 

for the hybrid SDI collective that builds and maintains the SDI digital-knowledge commons. 

The aim of the review is to determine the most suitable combination of pieces of 

software—in each category—that could work best for GIScience professionals, GIS self-

starters, and laypeople in the Global South. The GIS self-starters could be smallholder 

farmers who make use of the one or two computers available at the respective farmers’ co-

operative centres in the rural community or their relatives living in the city who are keen to 

support the wellbeing of the community from which they originated. The assumption I make 

in my concept is that these participants—in the building of the SDI digital-knowledge 

commons—come to the collective with the devices they already use for their day-to-day 

productivity—be they servers, desktop computers, or smartphones. In order to encourage 

participation and speed up the process of developing the grassroots SDI, I provide for the use 

of the existing operating systems on their respective devices rather than requiring a switch to 

Linux-based operating systems, which are open source. My review of software for 

community-based SDI development is therefore with the operating systems prevalent in the 

Global South in mind, which are Windows for computers (Global Stats, 2017a) and Android 

for smartphones (Global Stats, 2017b). The cost of Windows operating systems on these 

computers is probably not completely prohibitive because in most cases they come pre-

installed by the original equipment manufacturers that purchase the licenses from Microsoft 
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at bulk prices and so pass on the benefits to computer buyers (Protalinski, 2010). A cost the 

users probably must bear is on updates in the long run. Android operating systems—an open 

source platform—also come pre-installed on smartphones. 

The criteria for evaluation in the reviews in this section are based on my experience as 

a GIScience professional working in Zambia as well as on a modified version of the 

guidelines provided by Jackson, Crouch, and Baxter (2011). The details are explained in each 

respective sub-section. 

4.8.1 Desktop GIS (data collection and processing software): Assessment criteria and 

procedures 

An SDI requires software for creating, editing, and analysing spatial data. Table 4-6 

shows the key desktop GIS software packages that were reviewed for suitability for the 

technology aspect of the hybrid SDI collective. While GIScience professionals in the 

collective would be responsible for handling spatial data from the desktop, the idea was to 

supplement their role with GIS self-starters to maximise productivity. The review was based 

on the information I obtained from the websites of the respective software projects as well as 

through the practical experience of downloading and installing them and using their basic 

functionalities. These basic functionalities included opening a sample shapefile and 

attempting to screen digitise using the software. 

As it was not practicable with the available time and resources to gather a sample of 

potential GIS self-starters among the smallholder farmers, I carried out the following tasks 

for each desktop GIS software package with a GIS learner in mind: 

i. Downloading 

ii. Installing 

iii. Opening a sample shapefile 
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iv. Screen digitising over a sample raster file 

I used these basic activities to assess the ease of installation and ease of use for each 

application. The software packages that either had no installation wizard or required 

download of a zipped folder in which the user is required to figure out which the executable 

file is, had their installation criterion classified as “difficult” while those with an installation 

wizard were regarded as “easy”.  The level of difficulty was determined by the time spent 

trying to figure out how to get started and carry out the tasks of opening a shapefile and 

screen digitising. The software package requiring the shortest amount of time (up to an hour) 

was ranked very easy and the one requiring the longest time (more than 2 hours) was ranked 

difficult (see Table 4-5 for details).  

Table 4-5  Desktop GIS selection criteria 

Very easy Easy Medium Difficult 

0-1:00 hour 1:01-1:30 hour 1:31-2:00 hour >2:00 hour 

 

The other criterion taken into account was whether the software supports commonly 

used data formats. For vector files, compatibility was required with at least shapefiles since 

this format is widely used worldwide and has become a de facto standard (GISGeography, 

2019; Unearth, 2020). As for a raster data format, TIFF is required given that it has become 

an industry standard for GIS applications (GISGeography, 2019).  
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Table 4-6   A review of data collection and processing software: Desktop GIS 

Rank Name & URL 

Current 
release; date 
of download; 
file size 

Operating 
system(s) 
supported  

Software help: 
user forums & 

wikis 
Data format 

Ease of 
installation 

Ease of use 

1 
QGIS 
https://www.qgis
.org/en/site/  

v.3.2; 
8 Aug 2018; 
474 MB 

Mac OSX, 
Windows, 
Linux 

Has long list of 
user groups per 

country 
shp, tif, img Easy Very easy 

2 

gvSIG Desktop 
http://www.gvsig
.com/en/product
s/gvsig-desktop  

v.2.3.1;  
4 Dec 2017; 
795 MB 

Mac OSX, 
Windows, 
Linux 

English-speaking 
community not 

well 
supported16  

shp, dxf, 
dwg, gml, 
ECW, jpeg, tif 

Easy Medium 

3 
MapWindow GIS 
https://www.map
window.org/  

v.5; 
8 Aug 2018; 
37.1 MB 

Mac OSX, 
Windows, 
Linux 

Has an active 
Google+ 

community 
forum 

shp, img, 
jpeg, geotiff 

Easy Medium 

4 
OpenJUMP 
http://www.open
jump.org/  

v.1.13; 
8 Aug 2018; 
56.8 MB zip 

Mac OSX, 
Windows, 
Linux 

User forum not 
very active 

shp, gml, dxf, 
svg, png, jpeg 

Easy Medium 

5 

SAGA GIS 
http://www.saga-
gis.org/en/index.
html  

v.6.4; 
8 Aug 2018; 
4.6 MB zip 

Mac OSX, 
Windows, 
Linux 

Very active user 
forum 

dxf, GDAL 
(jpeg, geotiff, 
ECW) 

Difficult Medium 

                                                
16 The official language of the target users in this thesis is English. 

https://www.qgis.org/en/site/
https://www.qgis.org/en/site/
http://www.gvsig.com/en/products/gvsig-desktop
http://www.gvsig.com/en/products/gvsig-desktop
http://www.gvsig.com/en/products/gvsig-desktop
https://www.mapwindow.org/
https://www.mapwindow.org/
http://www.openjump.org/
http://www.openjump.org/
http://www.saga-gis.org/en/index.html
http://www.saga-gis.org/en/index.html
http://www.saga-gis.org/en/index.html
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Rank Name & URL 

Current 
release; date 
of download; 
file size 

Operating 
system(s) 
supported  

Software help: 
user forums & 

wikis 
Data format 

Ease of 
installation 

Ease of use 

6 
uDig 
http://udig.refrac
tions.net/  

v.2.0; 
8 Aug 2018; 
160 MB zip 

Mac OSX, 
Windows, 
Linux 

User forum 
difficult to 
locate (not 

found) 

GeoTIFF, 
GML, shp 

Difficult Medium 

7 
GRASS GIS 
https://grass.osg
eo.org/  

v.7.2.2;  
4 Dec 2017; 
158 MB 

Mac OSX, 
Windows, 
Linux 

Well-structured 
multiple option 

user forums 
including 

Google and 
Stack Exchange 

shp, dxf, tiff, 
bmp, gif 

Easy Medium 

8 

ILWIS Open 
https://52north.o
rg/software/soft
ware-
projects/ilwis/  

v.4;  
4 Dec 2017; 
70 MB zip 

Mac OSX, 
Windows, 
Linux 

User forums 
difficult to 
locate (not 

found) 

shp, dxf, 
jpeg, tiff, gif, 
bmp 

Difficult Difficult 

 

http://udig.refractions.net/
http://udig.refractions.net/
https://grass.osgeo.org/
https://grass.osgeo.org/
https://52north.org/software/software-projects/ilwis/
https://52north.org/software/software-projects/ilwis/
https://52north.org/software/software-projects/ilwis/
https://52north.org/software/software-projects/ilwis/
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Analysis and discussion of desktop GIS software (Table 4-6): 

Building SDIs when GIScience professionals are scarce requires a desktop application 

that provides for software-guided installation procedures. The interface enables the user to 

follow, with little reference to the user manual. It must also enable a user to more easily get 

started with opening a shapefile as well as with screen digitising. Comparing the eight 

software packages reviewed, QGIS ranks the highest for suitability in building a bottom-up 

SDI. The summary of the review below was done with the Zambian user in mind. 

QGIS is one of the most well known free GIS software packages that competes well 

with commercial software such as ArcGIS. It has a full set of standard GIS tools for data 

analysis of raster and vector data, such as the full suite of topological operations for spatial 

queries, and connects to external databases such as PostGIS. OpenJUMP, like QGIS, is a 

fully fledged GIS that includes a wide array of data analysis and management functionality. 

The advantages of QGIS over OpenJUMP are that it has a much wider array of tools, 

including better support for raster analysis, and allows for easy publishing of data on the Web 

according to standards such as Web Map Service (WMS) and Web Feature Services (WFS) 

provided by the Open Geospatial Consortium. This feature would particularly be of use in 

terms of the role played by GIScience members of the hybrid SDI collective. 

gvSIG Desktop is one of the most stable open source desktop GIS applications. It 

implements most of the OGC standards for data delivery, data format, and data search, such 

as WFS, WMS, WCS, and CSW. It also accepts a vast array of data formats including ESRI 

shapefiles, KML, and TIFF. Moreover, gvSIG also supports key spatial databases such as 

PostGIS, Oracle Spatial and Graph, and MySQL and is equipped with tools for complex data 

analysis. It has a user-friendly interface and generally clear manuals. In addition gvSIG also 

more clearly shows the available data formats. One can open a shapefile without setting the 

projection; it automatically detects the projection of the shapefile being loaded. The manual, 
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however, is not clear on how to add a layer, despite this being one of the basic steps towards 

exploring a GIS software package. With respect to case studies, the link provided17 to explore 

its usage worldwide is not functional. This robs prospective users of opportunities for 

assurance of the sustainability of the project before adoption. 

The other GIS software listed among the most stable is GRASS GIS (Geographic 

Resources Analysis Support System). This software has the option of downloading sample 

datasets that can be used in tutorials, giving new users a head start for learning the functions 

of GRASS GIS. Being a founding member of the Open Source Geospatial Foundation 

(OSGeo)—the organisation that supports and promotes the development of open source 

software—should give assurance to GRASS GIS users of its continuity. One drawback is that 

its user interface and file structure require more time for familiarisation by inexperienced GIS 

users. For example it requires the user to first create a project and specify projection before 

getting started to view a shapefile. This can be intimidating for learners. However, now that 

GRASS GIS is available as a suite of tools in QGIS, it is much more accessible and enhances 

the value of QGIS for SDI development. 

Among the open source software projects that have been in development for many 

years is ILWIS (Integrated Land and Water Information System), which extended its 

installation platform to Linux and Mac in its latest release, ILWIS 4. A drawback of ILWIS is 

that it does not have an installation wizard, which lengthens the process and also requires that 

users be experienced enough to know how to download and unzip the installation file as well 

as locate the executable file themselves (which is in the “bin” folder). Furthermore, the user 

interface requires a very careful reading of the user manual to grasp the functions. Out of the 

tested functionalities, the pan function of ILWIS 4 was found to not be responsive during 

evaluation—perhaps a bug that will be soon fixed.  
                                                
17 http://69.195.124.106/~gvsigorg/category/software/gvsig-desktop 

http://69.195.124.106/%7Egvsigorg/category/software/gvsig-desktop
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A number of smaller GIS platforms have been developed by university-based research 

groups. These include SAGA and MapWindows GIS, upon which complex climate, 

hydrology, and habitat models are built. They typically come with bespoke tools developed 

for a focused area of research. These fit-for-purpose functions keep these GIS packages from 

being further developed and are thus maintained by a small user community. Thus, they are 

not the best options for a community-based SDI as they may not adhere to standards such as 

OGC’s WMS or metadata standards, nor do they have the larger suite of tools that would 

make them more generally useful for connecting to external databases or software for data 

collection. 

The desktop GIS software that was, therefore, selected for inclusion in the hybrid SDI 

collective is QGIS. It has features that could more easily enable the GIS self-starters to 

supplement the role of the GIScience professionals in creating, editing, and analysing spatial 

data for the SDI digital-knowledge commons. 

4.8.2 Mobile-GIS (data collection and processing software): Assessment criteria and 

procedures 

The emergence of location-enabled devices such as smartphones has brought with it 

opportunities to perform an increasing number of GIS activities that were previously 

restricted to the desktop computers and specialised GPS equipment (Genovese & Roche, 

2010). When loaded with appropriate software applications, smartphones can perform many 

data collection and processing functions in the spatial realm. A good number of mobile apps 

for GIS have been developed and launched by various vendors to support mapping activities 

of different types. Each of these apps has its their strengths and weaknesses depending on the 

user requirements. 
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The major means of spatial data collection for laypeople in a community-based SDI is 

the mobile phone since it is ubiquitous in the Global South. Despite other pressing needs, 

such as improved sanitation, digital technologies, especially mobile phones, are spreading at 

a faster rate than is access to basic services such as electricity and water supply (see Figure 

4-7).  

Among the poorest 20 per cent of households, nearly 7 out of 10 have 

a mobile phone. The poorest households are more likely to have 

access to mobile phones than to toilets or clean water… We must take 

advantage of this rapid technological change to make the world more 

prosperous and inclusive. (World Bank, 2016, p. xiii) 

It is for this reason that the mobile GIS category has been included on the list of 

software packages for review. 
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Figure 4-7   The rapid spread of digital technologies in the Global South (World Bank, 2016, p. 6) 

This proliferation of mobile phones includes remote rural areas, which have the 

lowest access to spatial data resources for decision-making, both for local communities and 

central government (Genovese & Roche, 2010). While smartphones are not yet as prevalent 

as basic phones, it is only a matter of time before they become widespread since 

manufacturers have started producing cheaper models (Jana, 2017). As far as the availability 

of power for charging the phones is concerned, users such as those in the Ibenga community 

in Zambia—which is not adequately connected to the electricity network—rely on solar 

power for charging their phones.  

My Internet search and testing of location-enabled mobile apps revealed that most 

focus on the navigation needs of users rather than on data collection. Their most common 

features are tracking or “breadcrumb trailing”, route calculation, landmark or waypoint 
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marking, and image capturing. Examples of these are GPS Essentials, OsmAnd, and Locus 

Map (GPS Essentials, 2015; Locus Map, 2014; OsmAnd, 2018). A few of them have 

extended their functions to creating polygons, and a further few include GIS functionalities. 

For the purpose of this section, I will use the term mobile GIS apps (or mobile GIS and data 

collection apps) to encompass all these applications. 

A community-based SDI requires a data-collection app that facilitates the acquisition 

of spatial data and attributes similar to the data collected by producers in a formal SDI. It 

should enable the capture—and provide for later retrieval—of data about point, line, and 

polygon features such as coordinates, attributes, and tags (to aid in database search), as well 

as photos. The app should provide for the uploading of the collected data to the SDI’s spatial 

database. It should also provide for the downloading—onto the phone—of the data collected 

by other community members in the area of interest. The app needs to show the base map of 

the area in order to provide the context to the person collecting the data, as well as indicating 

the precision with which the data was captured. The app should also provide for assigning a 

tag to each captured feature. This could be achieved by using a category fitting with the 

description of the captured feature, indicating whether the feature is, say, a water 

infrastructure, power line, road, agricultural field, or building. The app needs to provide for 

offline data collection as well, due to the fact that Internet connectivity in most areas of the 

Global South is intermittent and costly (A4AI, 2017; Bahia, 2019; World Bank, 2016). 

Regarding the cost of Internet access, in Africa, for example, 1 GB of data costs about 18% 

of the average monthly income (A4AI, 2017). Above all, the app needs to be compatible with 

the Android platform, which is prevalent in the Global South. The app must also be free and 

open source to ensure the sustainability of the SDI it would support. Based on the above 

criteria, I carried out an Internet search of candidate apps for review. Unfortunately, very few 

freely downloadable apps fitted these criteria; there were only two that indicated features that 
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could possibly support VGI-style data collection for a community-based SDI. These two apps 

are GeoODK and GeoCollect (summarised in Table 4-7). They are discussed below. 

Table 4-7  Data collection and processing software: Mobile-GIS 

No. 
Name & 
URL 

Current 
release; 
date 

Software 
maintainer/ 
funder 

Key features Comments 

1 
GeoODK 
http://geoo
dk.com/  

v.2.0.4; 
21 Jul 2014 

GeoMarvel 

Designed for the 
collection, 
storage and 
analysis of spatial 
data; includes 
offline mapping 
capabilities; a 
build-up from 
ODK which lacks 
mapping 
functionalities. 

Lacks clear 
instructions for 
connectivity of 
Web-generated 
forms for spatial 
data input with 
the app.  

2 

GeoCollect  
https://ww
w.geo-
solutions.it/
technologie
s/geospatial
-apps/  

v.1.24; 
(Unreleased) 

GeoSolutions 

Field data 
collection for 
asset inventories 
integrated with 
Web data 
distribution 
platforms; ability 
to work offline in 
the field; app not 
yet officially 
released. 

Has attractive 
features but was 
not yet released 
at the time of 
review and so 
may be unstable. 

 

Analysis and discussion of mobile GIS software (Error! Reference source not found.) 

The features of GeoODK (see Figure 4-8 and Figure 4-9) include a provision for 

downloading base maps, offline use, and geotagging capability for photos. GeoODK consists 

of both a mobile application for data collection and a Web portal for reviewing the collected 

data. It has several options for data storage, ranging from cloud storage on the GeoODK 

http://geoodk.com/
http://geoodk.com/
https://www.geo-solutions.it/technologies/geospatial-apps/
https://www.geo-solutions.it/technologies/geospatial-apps/
https://www.geo-solutions.it/technologies/geospatial-apps/
https://www.geo-solutions.it/technologies/geospatial-apps/
https://www.geo-solutions.it/technologies/geospatial-apps/
https://www.geo-solutions.it/technologies/geospatial-apps/
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server to local storage on a PostgreSQL/PostGIS server. However, the initial setting up of the 

server to link it up to the Web portal and the data collection mobile device is not clearly 

explained on the website. Hopefully this is a one-time challenge that leads to a stable system 

once the set-up is successfully done. GeoODK is a downloadable app for mobile phones 

(including Android), freely accessible through the Google Play store. The content on the 

GeoODK website is reasonably easy to access, and the instructions for setting up an account 

and designing forms for data collection are easy to access. The process of setting up forms on 

the Web portal is intuitive and straightforward. The mobile application side is, however, a 

challenge; the app cannot work without the server side being set up. An attempt I made to 

contact the developer on the email address provided yielded the following response: “We’re 

writing to let you know that the group you tried to contact (support) may not exist…”––an 

indication of poor support.  

 

Figure 4-8   GeoODK Collect in the Google Play store 
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Figure 4-9   GeoODK Collect graphical user interface 

I attempted to explore the functionalities of GeoODK after downloading it from 

Google Play but was not able to proceed to the data collection part because the instructions 

were not clear on how to get started. After some effort I managed to get started with creating 

forms via the desktop but could not figure out how to access the forms from my mobile 

phone and get started with the mapping. The challenges faced in trying to use the Geo-ODK 

app gives a reflection of the difficulty the GIS self-starter would face in getting started with 

this mobile GIS app to map community resources. As mentioned earlier in the thesis, the 

reviews of free resources for community-based SDI development were made with GIS self-

starters in mind. 

Another open source mobile GIS app found on the Internet is GeoCollect, developed 

by GeoSolutions in Italy. While it is presented as an open source project with aspects that can 

make it a candidate for a community-based SDI, at the time of writing it was labelled as 
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“unreleased” in Google Play: “This app is in development. It may be unstable” (see Figure 

4-10).  

This reveals that open source projects in the area of mobile GIS are still in infancy. 

The struggle to find a suitable app for VGI-style spatial data collection indicates a clear gap 

in technology. This gap needed to be filled if the grassroots elements of the hybrid SDI 

collective were to be sufficiently equipped to participate in the commoning of the SDI digital-

knowledge commons. This motivated me to the start of the process of developing an 

alternative app designed to support community-based SDI spatial data collection based on the 

concepts of VGI. 

 

Figure 4-10   GeoCollect in Google Play and its graphical user interface 
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The need to fill this technology gap consequently leads to the need for integration into 

the hybrid SDI collective of additional human elements—software developers—as well as 

non-human actants, such as software development procedures and smartphones. 

4.8.3 SDI software stack (data storage, publishing, and cataloguing software) 

In the quest to equip the hybrid SDI collective with affordable and appropriate 

software for its devices for the development of the community-based SDI, I have so far 

reviewed open source data-collection and processing software (desktop GIS and mobile GIS). 

It can be recalled from Figure 4-6 that the key components of the SDI architecture also 

include data documentation (metadata) and cataloguing software, data management and 

storage software (spatial database management systems), and data access and publishing 

software (Web map servers). Steiniger and Hunter (2012) compiled a list of open source 

software that was required for building an SDI. They gave detailed reviews of them to show 

that open source software had matured enough to enable building an all–open source software 

SDI. With respect to spatial database management systems, they assessed 

PostgreSQL/PostGIS, GeoServer, MapServer, MongoDB, SpatiaLite/SQLite, SpatiaLite on 

Android, Hibernet, H2 DBMS, and TerraLib. They observed that PostgreSQL/PostGIS had 

the largest user base. It being used by the French National Mapping Agency is an indication 

of its reliability. In terms of open source software that supports spatial database management 

systems and displays maps as images, in vector or raster format (Web mapping servers), they 

reviewed MapServer, GeoServer, MapGuide, Deegree, REST, and QGIS mapserver. They 

observed that MapServer, GeoServer, MapGuide, and Deegree had been used widely in SDI 

settings, with the former two the best known. They also looked at the software that SDIs 

require for providing an inventory of spatial data to enable providers to display the data they 

have so that prospective users can find the data they are looking for (metadata and 

cataloguing software). The open source versions of software in this category were 
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GeoNetwork Open Source, Deegree Framework, MDweb, CatMDEdit, and pycsw. A 

summary of these software packages is shown in Table 4-8. Only one from each set is 

required for setting up an SDI.  

Table 4-8   SDI software stack components 

Server GIS (SDI software stack components) 

Spatial database  Web map server Metadata cataloguing 

H2 DBMS 

Hibernate 

INGRES 

MySQL spatial 

extension 

PostgreSQL/PostGIS 

Deegree 

GeoServer 

MapGuide Open Source 

MapServer 

QGIS mapserver 

CatMDEdit 

Deegree Framework 

GeoNetwork Open Source 

MDweb 

 

Over the years the trend of software stacking in the open source digital commons has 

spread to SDI software, resulting in the bundling of these software packages for easier SDI 

set-ups. This is a very welcome idea for building a community-based SDI, especially with a 

limited number of professionals in the GIS industry in Zambia who would otherwise have to 

deal with each software package individually and figure out how to link them. Software 

stacking is the bundling of packages that work together to achieve a common goal in order to 

ease the process of download and installation for users. A typical example is a website’s back 

end (what the end user does not see), which consists of a Web server, an application server, 

and a database server, each of which includes an operating system. An example of a 

Windows operating system–based software stack is WAMP, which consists of the Windows 

operating system, Apache Web server, MySQL database server, and PHP application server. 
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An example of an open source software–based stack for websites is LAMP, which consists of 

the Linux operating system, Apache Web server, MySQL, and PHP. 

Assessment criteria and procedures 

This section, therefore, focuses on the review of these SDI software stacks, which in 

other literature are also referred to as SDI frameworks (Moumen, Fakhri, & El Mansouri, 

2017), SDI architectures (Cinnirella, D’Amore, Mazzetti, Nativi, & Pirrone, 2013), and 

geospatial content management systems (Cartaro, 2018; GeoNode, 2012). These are mostly 

aggregates consisting, for example, of one package from each of the software categories 

listed in Table 4-8. Figure 4-11 shows which set of open source software packages—in the 

access network or technological component of the SDI—are normally bundled to together to 

form an SDI stack. 

 

Figure 4-11   SDI software stack (“bundle”) 

The goal of this review is to identify the software stack that is most suitable for the 

hybrid SDI collective, which typically has a limited number of GIScience professionals. An 
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Internet search revealed that the available open source SDI frameworks are easySDI, 

geOrchestra, GeoNode, Geoportal Server, Boundless Suite, and the Cartaro geospatial 

content management system (see Table 4-9). Each of them comprises at least two of the three 

software components shown in the SDI software stack in Figure 4-11. Those with two give 

the user the liberty to select the third. The main criteria for selection are:  

i. Having support for Windows 

ii. Ease of installation (accomplished in the least number of steps) 

iii. Including Web Map Server software that implements the basic OGC 

services—WMS, WFS, and WCS 

The criterion for the SDI stack to have support for the Windows operating systems was based 

on its prevalence in the Global South (Global Stats, 2017a). Since servers and desktop 

computers are general purpose devices—generally running on the dominant Windows 

operating system—the ideal situation for the community-based SDI is to gather software 

elements that run on Windows rather than the Linux operating system, in spite of the latter 

being open source. For this reason, having an SDI stack based on the Linux operating system 

would be a drawback for the hybrid SDI collective whose members might struggle to change 

the operating system because of the other Windows-based applications that might already be 

running on their computers. The ideal situation then is having an SDI stack that can be 

installed on a Windows operating system. 
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Table 4-9   SDI software stack overview 

No. Name & URL 

Current 
release;  
release date; 
download 
date 
 

Stack 
components 

Software 
maintainer/ 

funder 

Operating system 
supported  Comments 

1 

Boundless 
Suite 
https://boundl
essgeo.com/b
oundless-gis-
platform/  

v1.0.2; 01 Jan 
2017; 
… 

PostgreSQL/Po
stGIS, 
GeoServer, 
GeoServer 
Extension, 
CSW 

Boundless Information not found Open source but payment required to 
download; not installed 

2 
Cartaro 
http://cartaro.
org/ 

v.1.9; 
29 Oct 2015; 
01 Feb 2018 

PostgreSQL/Po
stGIS, 
GeoServer, 
GeoWebCache 

geOps, 
Germany 

“Not limited to specific 
operating systems” but 
recommends Debian or 
Ubuntu Linux 

No case studies; question asked in 2016 still 
unanswered on wiki/forum; last Twitter 
message on forum dated 22/05/2017; no 
installation wizard; no installation guidelines 
for Windows; packaged as zip file; not installed 
because of insufficient instructions 

3 
easySDI 
http://www.e
asysdi.org/ 

v.4.4.4; 
14 March 
2017; 
10 Jan 2017 

(optional 
database) 
GeoServer, 
GeoNetwork 

DEPTH SA, 
Switzerland “cross-platform” 

No installation wizard; installation instructions 
not clear; packaged as zip file; last activity on 
forum dated 22/11/2017; not installed 

4 

geOrchestra 
http://www.g
eorchestra.org
/documentati
on.html 

v.16.12; 
Dec 2016; 
09 Jan 2018 

(optional 
database) 
GeoServer, 
GeoNetwork 

geOrchestra
, France 

Not clearly stated but 
mentions Debian packages 
(Linux) 

Installation instructions not clear; quick start 
uses a command-line user interface for 
installation rather than a graphical user 
interface; user forum not in English; not 
installed 

https://boundlessgeo.com/boundless-gis-platform/
https://boundlessgeo.com/boundless-gis-platform/
https://boundlessgeo.com/boundless-gis-platform/
https://boundlessgeo.com/boundless-gis-platform/
http://cartaro.org/
http://cartaro.org/
http://www.easysdi.org/
http://www.easysdi.org/
http://www.georchestra.org/documentation.html
http://www.georchestra.org/documentation.html
http://www.georchestra.org/documentation.html
http://www.georchestra.org/documentation.html
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No. Name & URL 

Current 
release;  
release date; 
download 
date 
 

Stack 
components 

Software 
maintainer/ 

funder 

Operating system 
supported  Comments 

5 
GeoNode 
http://geonod
e.org/ 

v.2.6; 
17 May 2017; 
09 Jan 2018 

PostgreSQL/Po
stGIS, 
GeoServer, 
pycsw 

World Bank Windows, Linux, Mac 

World Bank–funded; more than 20 commercial 
support providers; very active user group; has 
easy-to-follow installation wizard for 
Windows; installation on Windows 7 succeeds 
but fails to run; command-line user interface 
for installation on Ubuntu 16.04 Server 
operating system was successful 

6 

Esri Geoportal 
Server 
http://www.es
ri.com/softwar
e/arcgis/geop
ortal 

v.2.5.0; 
…; 
13 Feb 2018 

(PostreSQL to 
be installed 
separately) 
(seems Web 
Map Server is 
embedded in 
Geoportal 
Server) 
geoportal 
catalog service 

Esri Windows 7/Vista/XP 

Open source but owned by a commercial 
entity (Esri); has detailed installation 
instructions in manual; no installation wizard; 
requires skills in command-line user interface 
for installation; not installed 

 

http://geonode.org/
http://geonode.org/
http://www.esri.com/software/arcgis/geoportal
http://www.esri.com/software/arcgis/geoportal
http://www.esri.com/software/arcgis/geoportal
http://www.esri.com/software/arcgis/geoportal


139 
 

Analysis and discussion of SDI software stacks (Table 4-9) 

Out of the six reviewed SDI frameworks, three—Boundless Suite, Cartaro, and 

GeoNode—have specifically incorporated PostgreSQL/PostGIS for their database 

management system. Geoportal Server (Esri) provides for a separate installation process for 

the set database—PostgreSQL/PostGIS.  Two frameworks—geOrchestra and easySDI—have 

left the database management system to the choice of the user. This implies that in the course 

of installation of the framework one can opt for an alternative database management system. 

As for the Web map server, all except Geoportal Server have chosen GeoServer, an 

indication of the confidence that this Web map server has gained over other software 

packages that perform similar functions. GeoServer also fulfills the criteria for Web Map 

Servers as it implements the basic standard OGC protocols; WMS, WFS and WCS. It is 

possible that Geoportal Server has the in-built functionalities of a Web map server, hence not 

including separate software to handle Web Map Services. In terms of software for handling 

metadata, easySDI and geOrchestra have adopted GeoNetwork while Boundless Suite has 

adopted the GeoServer CSW extension. GeoServer has an-inbuilt software called pycsw for 

software that handles metadata, while Geoportal Server uses the CSW Geoportal catalogue 

service, which seems to be an in-built functionality as well.  

In terms of installation instructions and tutorial provision, Boundless Suite and 

GeoNode have the most detailed guidelines presented in workshop form with step-by-step 

instructions supported by screenshots of the graphical user interfaces, making it very easy to 

get started. The major disadvantage of the Boundless server for a community-based SDI is 

that, though it is open source, users have to pay to access the installation link. It, however, 

provides a good example for showing that “free” and open source software is not always 

“free” in terms of price.  
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Geoportal Server has a PDF instruction manual on its Esri website including detailed 

steps, though the components (the database and Web server) have to be preinstalled before 

installing the Geoportal Server software that links them together. Cartaro also has detailed 

documentation with graphical user interface screenshots but requires the prior installation of 

GeoServer. The user must specify the URL of the GeoServer installation. The Drupal content 

management system has been incorporated to support its functionality. Cartaro was not 

installed due to unclear instructions and insufficient support. EasySDI did provide 

instructions for installation, but they are not as detailed as the others. From all the SDI 

software stacks reviewed, geOrchestra has the least detailed procedure for installation, though 

it seems to be one that users with systems administrator experience can manage to follow.  

All the SDI frameworks provide a dedicated browser-based application at the user end 

for accessing the services of the host, except Geoportal, whose services are accessed directly 

from standard Web browsers. While geOrchestra uses Mapfishapp, GeoNode and Boundless 

Server use GeoExplorer, and easySDI uses the easySDI client to support access at the user 

end. 

In terms of usage or instances of example case studies using the respective SDI 

frameworks, geOrchestra has listed about 17 users (according to their website) ranging from 

states and regions to research and educational institutions. I was not able to find examples of 

states or institutions that are using Boundless Server. GeoNode has 20 examples listed on 

their website including governments of the United States and Bolivia, and the United 

Nations. The Regional Centre for Mapping of Resources for Development (RCMRD)—an 

intergovernmental organisation that provides geoinformation services to its East and Southern 

African member states—also uses GeoNode and supports member countries that want to use 

it to establish geoportals for their SDIs. The easySDI website indicates eight instances of its 

use, all in European countries including three in France. The Esri website lists nine users of 
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its Geoportal Server with links to the mentioned installations. No case studies were found on 

the Cartaro website, except a request for users to post their installations. 

Among all the SDI non-commercial free and open source software stacks reviewed, 

GeoNode had sufficient instructions for installation on the Windows platform. However, 

despite my faithfully following the instructions for Windows installation provided on the 

website all the way to the end and all the messages of the installation wizard indicating that 

the correct procedure was being followed, the installed software could not run. It was not 

clear why it failed. Fortunately, attempts to contact users for advice were successful (unlike 

for example in the case of geOrchestra where I received no response). The solution I was 

given, however, was based on a Linux operating system, which was outside the set criteria. 

The GeoNode user I consulted mentioned that several other users had faced challenges with 

installation on Windows operating systems. I was given installation instructions for the 

Linux/Ubuntu 16.04 server operating system, which resulted in a successful installation and 

running of the software. The installation was carried out on a VMware virtual machine. The 

IP address generated during the installation was used to access my GeoNode instance on a 

Web browser, and I was able to open GeoNode in the browser. It was, however, not possible 

to get a public IP address to enable global access to the GeoNode geoportal due to restrictions 

with the Internet service providers who supplied the modem that I was using. Unfortunately it 

was not possible to make a comparison by installing the other SDI software stacks on the 

Linux/Ubuntu 16.04 server operating system as the instructions were not clear. 

In general all the SDI frameworks reviewed use renowned open source software as 

components for their software suite. GeoNode had the clearest installation instructions and 

tutorials based on Windows. The fact that these instructions did not result in a successful 

installation shows either a need to contact the software maintainers to update the instructions 

with the missing steps or for the hybrid SDI collective to upgrade their competencies in 
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Windows operating systems to ensure successful troubleshooting. It could also be an 

indication that the hybrid SDI collective that builds a community-based SDI needs enhanced 

competence in Linux-based systems and dedicated hardware for Linux based operating 

systems. The implications of adopting Linux-based operating systems for the community-

based SDI need further consideration. 

GeoNode also has the most detailed list of examples of current user organisations 

widely distributed across the globe, and it is heavily supported by the World Bank. It has also 

been used in Africa, where my research site is located. Much as the targeted installation on 

Windows was not successful, the alternative Linux installation was successfully installed. 

This was in spite of the learning curve for its command-line user interface for installation, as 

opposed to a graphical user interface installation, which prospective users would be more 

accustomed to. While each software stack reviewed had its own set of drawbacks, the number 

of disadvantages was the least for GeoNode, and it is the option that best satisfies the set 

criteria. It is therefore recommended for gathering for the design of the community-based 

SDI, at least in the context of Zambia. 

As no suitable mobile GIS app was found for use in spatial data collection by the 

grassroots/lay members of the collective, I embarked on development of a mobile app based 

on the requirements of the Ibenga smallholder farmers in rural Zambia. The mobile app 

development process and outcomes are presented in Chapter 5. 

4.9 Discussion and conclusion 

This research has shown that the free resources of the open movements are largely 

sufficient to support the gathering of elements for the hybrid SDI collective that can build the 

SDI digital-knowledge commons. The research presented here found that open educational 

resources and their accompanying technologies, such as OpenCourseWare, have provided an 
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opportunity for GIS self-starters in the hybrid SDI collective to learn about GIS and better 

equip themselves to contribute to spatial data collection and processing in the activity of 

commoning a community-based SDI. Search engines such as Google and YouTube were 

found to be the most suitable discovery tool for GIS learning resources as they regularly 

updated OER from a wide range of sources. The eGranary Pocket Library—an ally of OER—

was found to be a powerful complement to the OER Commons search engine; the technology 

it implements provides a means of accessing GIS Web content through the mobile phone 

without Internet connectivity, which is highly valuable for parts of the Global South where 

Internet connectivity is intermittent or scarce. The eGranary technology provides for curating 

regularly updated GIS learning resources—including training materials—and storing them 

locally, with permission, for local “Web” access without Internet. 

Table 4-10 Summary of selected free resources for community-based SDI development 

OER Vector data Imagery Desktop 
GIS Mobile GIS SDI software 

stack 
YouTube: 
https://w
ww.youtu
be.com/  

GADM maps and 
data: 
https://gadm.org
/ 
OpenStreetMap: 
https://wiki.open
streetmap.org/wi
ki/Downloading_
data  

Sentinel 
satellite 
data 
https://ea
rthexplore
r.usgs.gov
/ 

QGIS: 
https://qgi
s.org/en/si
te/  

Community-
based SDI 
app 
(developed 
in this thesis) 

GeoNode: 
http://geono
de.org/  

 

The examination of free satellite imagery revealed that none of the free satellite data 

had a resolution high enough for large-scale capture of local infrastructure. Sentinel was 

found to be the best at 10 m resolution. This poses a challenge regarding background satellite 

imagery on mobile apps for data collection. The remaining solution is to incorporate in the 

collective members who have desktops to support the mapping process in remote areas by 

https://www.youtube.com/
https://www.youtube.com/
https://www.youtube.com/
https://gadm.org/
https://gadm.org/
https://wiki.openstreetmap.org/wiki/Downloading_data
https://wiki.openstreetmap.org/wiki/Downloading_data
https://wiki.openstreetmap.org/wiki/Downloading_data
https://wiki.openstreetmap.org/wiki/Downloading_data
https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
https://earthexplorer.usgs.gov/
https://qgis.org/en/site/
https://qgis.org/en/site/
https://qgis.org/en/site/
http://geonode.org/
http://geonode.org/
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means of screen digitising off OpenStreetMap as well as QGIS base maps. Sentinel’s 10 m 

resolution images should, however, still be incorporated in the collective for decision making 

or analysis in cases where 10 m is sufficient.  

This chapter has further shown that open source software has matured to such a level 

that a selection for developing a community-based SDI can be gathered with respect to the 

back-end or server side of the SDI architecture. GeoNode was found to be most user friendly 

SDI software stack, has a wide community following, is heavily supported by many 

institutions including the World Bank, and presents a large number of case studies to learn 

from. It has very detailed Windows-based installation instructions. However, following the 

instructions fell short of a successful installation. Consultation with a GeoNode user led to a 

successful Linux-based installation solution. This indicates that for the successful inclusion in 

the hybrid collective of the server software that makes up the SDI software stack, there is a 

need for the collective to also include competencies in open source operating systems rather 

than being limited to the prevalent Windows operating systems. The alternative is to make 

recommendations to the open source software movement to improve on the compatibility of 

software applications with Windows operating systems, which are prevalent in the Global 

South. In addressing the challenges of implementing open source software in the Global 

South, van Reijswoud and Mulo (2012) recommended the establishment of regional or local 

user groups. There are indications of this concern being addressed, as evidenced by the 

establishment of RCMRD (the organisation from which I received support) and an open 

source community initiated in Zambia (Living Open Source Foundation, 2018).  

Future research could actually go a step further in easing the set-up process for the 

SDI software stack by focusing on the development of a drag-and-drop app builder that 

allows people to connect a database in the back end with a map in the front end using the 

touch screen of a smartphone. Drag-and-drop app development could be built in a similar 
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way to the Thunkable18 and Mashable19 platforms, which enable smartphone users build their 

own apps without any coding by dragging and dropping the required components and 

connecting them together. 

With respect to the data-collection side of the SDI, gvSIG desktop and QGIS 

competed very well in terms of user-friendliness. QGIS, however, was selected because of 

greater community support and the wider variety of plug-ins available for it, including one 

that supports importing imagery for screen digitising. As for mobile GIS, no open source 

mobile app was found to be suitable for supporting the lay members of the hybrid SDI 

collective. This revealed one of the key gaps in elements needed for developing the 

community-based SD from free resources. It necessitated the development of the mobile GIS 

app. The next chapter, therefore, presents is a conceptual design and partial implementation 

of a community-based SDI—which, according to the hybrid collective concept, can be seen 

as the “reassembling” of the elements of the collective. While the reviews in this chapter 

provides an indirect contribution of the grassroots community to the design of the 

community-based SDI—having been made with GIS self-starters in the community in 

mind—the next chapter presents a more direct contribution of the grassroots community to 

the design of the SDI. 

 

                                                
18 https://thunkable.com/#/ 
19 https://mashable.com/article/build-mobile-apps/ 
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5 REASSEMBLING THE HYBRID SDI COLLECTIVE: 

CONCEPTUAL DESIGN AND IMPLEMENTATION 

5.1 Introduction 

The major challenge of formal or government-driven SDI development is the 

composition of the community that builds an SDI. The contribution of this thesis to 

addressing this challenge and thus facilitate location information access for the grassroots 

communities is rethinking SDI development by regarding it as a hybrid collective activity of 

humans and non-human participants. The hybrid nature of this collective is the key. It mainly 

includes laypeople and professionals, participants and researchers, traditional and modern 

organisation, processes and procedures, hardware and software, desktops and mobile phones, 

the Internet, providers and the entire ICT infrastructure. Following the descriptions of the 

laypeople and their traditional context in Chapter 2 and the review of resources in Chapter 4, 

this chapter presents the development process of the missing element of the collective—the 

mobile GIS app, the SDI prototype, and a summary (Section 5.2) of the assemblage of the 

hybrid SDI collective that led to the prototype. The chapter contributes to filling the 

technology gap in VGI collection mobile apps showing the potential for better equipping the 

grassroots communities to enhance their participation in the creation of the SDI digital-

knowledge commons. The chapter also presents a picture of how the open source software 

selected in Section 4.8 could interact—with the assembled elements—to provide the platform 

for the collection, access, exchange, and sharing of spatial data. This is the conceptual design 

and implementation of the community-based SDI. 

In the stage of reassembling the elements of the hybrid collective method, the 

gathered elements are “deliberatively rebundled to amplify particular insights” (Cameron et 

al., 2014, p. 1). This chapter answers the research question “What could the community-
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based SDI architecture look like?” The research question is answered firstly by presenting the 

assemblage that collectively built the prototype, followed by reassembling the hybrid 

collective elements gathered in Chapter 4. This is in order to present a conceptual design of 

the community-based SDI consisting of the software components selected from the review 

process, as well as a partial implementation of the design. 

5.2 Assemblage of the elements of the initial hybrid SDI collective 

The collective that led to building the prototype in this thesis included the formal 

research team (me and my supervisors), the research participants (Ibenga smallholder farmers 

in Mpongwe district), the culture and norms of the Ibenga traditional establishment, the 

Mpongwe District Agricultural Office (DACO), New Zealand’s Ministry of Foreign Affairs 

and Trade (MFAT) and Australia’s Co-operative Research Centre for Spatial Information 

(CRCSI), who were the sponsors of my PhD studies. It also included Australian-based 

Amristar Solutions, the developers of the mobile GIS app; the Agile software development 

method; the user stories method of gathering user requirements; Vodafone, who donated 20 

Huawei smartphones for prototype testing; FaceBook’s WhatApp messaging app; and 

Google’s email service, app store, and cloud storage service (Gmail, Play store, and Drive 

respectively). The collective also included Zambia’s innovation and technology hub 

BongoHive, who built the mock-up app that helped with requirements gathering for the 

prototype. It is this collective of actants that, together with the mobile and Internet service 

providers and their supporting infrastructure, began the building of the SDI digital-knowledge 

commons to demonstrate how an SDI can be developed from free resources and managed as 

a commons by a community of both laypeople and experts mainly located in the Global 

South—all this with a goal of helping to improve access to location information among 

grassroots communities. The next two sections show the methods that were used to develop 

the mobile GIS app that was added to the collective. 
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5.3 Methods 1: The Agile software development cycle 

In order to ensure that all the ingredients that lead to a successful software 

development project are included, a framework is normally used to structure, plan, and 

control the software development process. There are two main categories of these 

frameworks or software development life cycles (SDLC) in use, each of which, in one way or 

another, involves requirements specifications, design, implementation, verification, and 

deployment. The two key approaches to accomplishing these stages are the traditional 

waterfall-like approach and the Agile approach, respectively illustrated in Figure 5-1 and 

Figure 5-2 (Boehm & Turner, 2005; Leffingwell, 2011). The two approaches are summarised 

below to show how I arrived at the choice of the Agile approach. 

 

Figure 5-1   Waterfall software development model (adapted from Leffingwell, 2011) 

The waterfall approach involves thoroughly completing each stage before proceeding 

to the next, right through to deployment or shipping the product to the end user or customer. 

Great care is required to ensure that each stage is properly completed because the approach 

hardly leaves room for the intermediate return to previous stages in case of error. This 

Requirements 
specification

Design

Implementation

Verification

Deployment
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requires a lot of time before the customer or user sees what has been developed. Furthermore, 

if the detailed written requirements the customer has provided are not accurately understood 

by the software development team, this can only be discovered at the end, making the 

correction process more complicated. One advantage of this approach is that, because of the 

detailed initial planning of the entire life cycle that is involved, it makes it easier to estimate 

the cost of the project, set a timetable, and assign resources appropriately (Leau, Loo, Tham, 

& Tan, 2012), but one needs to weigh this benefit over the advantages of other development 

approaches in relation to the project at hand. 

 

Figure 5-2 The Scrum process: An example of an Agile approach (adapted from Boehm & Turner, 2005) 

The Agile approach, on the other hand, involves completing the full cycle of planning, 

requirements-gathering, designing, implementation, verification, and deployment in short 

cycles, sometimes referred to as “sprints” so that the customer can quickly check if the 

resulting product reflects what they expected. The customer then gives feedback and a second 

sprint is embarked upon, and this process is repeated as many times as necessary until the 
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deployment is to the satisfaction of the customer or user. An early “taste” of what the final 

product will look like can also bring new insights to the end user and give them an 

opportunity to check whether what they had requested is really what they wanted. The Agile 

approach helps to address the interesting experience that Cohn (2004, p. 46) had with a user 

who told him “You built exactly what I asked for but it’s not what I want”, since it is not 

always easy for users to understand and express their needs clearly. An early sample product 

is therefore a key advantage of the Agile approach. This approach accomplishes this by 

reducing documentation and increasing conversation and interaction with the end user (or 

their proxy) throughout the process. This reduction in documentation, on the other hand, turns 

out to be one of the drawbacks of Agile development cycle as it makes it difficult for 

newcomers on the development team to adequately understand the project to be able to 

complete tasks independently. With limited documentation they would need to keep seeking 

clarification from the experienced development team members, which could in turn delay the 

delivery of a sprint. An effort to address this problem has been to increase the number of 

comments in the code as explanation and clarification (Leau et al., 2012).  

Because of the flexible approach of the Agile methodology and quick feedback 

opportunity, I eagerly accepted the proposal by the software developers20 to use the Agile 

approach as a means of planning and monitoring the application development process of the 

mobile GIS app. The Agile approach actually encompasses various methodologies—which 

use a core set of values or principles—including eXtreme Programming (XP), Kanban, Lean 

Software Development and Scrum (Al-Zewairi, Biltawi, Etaiwi, & Shaout, 2018; Beck et al., 

2001). The specific Agile approach or methodology used in this thesis was Scrum. Scrum 

consists of roles of the Scrum team and artifacts (Schwaber & Sutherland, 2017). The Scrum 

team consists of the product owner, who represents users; the Scrum master, who is a servant 
                                                
20 The mobile app was developed by Amristar, a Perth-based data analytics programming company 

engaged by my top-up scholarship sponsors, CRC for Spatial Information (Australia). 
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leader who helps the team lead itself; and the development team that delivers the product 

defined by the product owner. In the Scrum process, artifacts refer to the tools for presenting 

the information that help the Scrum team understand the product under development. The 

three artifacts are product backlog, which are items to be worked on such as the mock-ups 

and user stories of this thesis (see summary in Table 5-1); Sprint backlog, which are items the 

development team plan to work on or deliver in a particular sprint; and the increment which 

is a working addition to the product or the sum of all increments when all the work is done 

(see also Figure 5-2).  

Table 5-1  Roles in the Agile software development cycle 

Artifact/Task Role player 

Product backlog  
(Requirements gathered from interviews, mock-up, user stories) Product owner 

Sprint backlog  
(Assigning product backlog items to sprint) 

Development 
team 

Increment  
(working product) 

Development 
team 

 

My role in the process was product owner, representing users whose requirements I 

gathered in the field. The targeted end users of the app were the smallholder farmers (though 

the agricultural extension officers who supported them could equally benefit from the end 

product). I conducted the requirements-gathering exercise through interviews and mock-up 

interactive presentations during my 2015 field trip to the research site (see Chapter 2) and 

summarised the outcome of the exercise for the developers in the form of user stories, 

presented in the next section. The mock-up and user stories were the key components of the 

product backlog (Figure 5-2). The Agile software development cycle falls within the action 
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research cycle as part of its “taking action” stage. Having diagnosed the problem of limited 

access to location information in the smallholder farming community and discussed with the 

participants the alternative course of action, the process of developing a smartphone-based 

solution began starting requirements gathering. 

5.4 Methods 2: User requirements-gathering and user stories 

User requirements in software development is a list of things a product should do to 

support and improve the day-to-day operations of an organisation (Robertson & Robertson, 

2012), which in this case is the farming business and welfare of the smallholder farming 

community. The picture of the spatial data status of the farming community presented in 

Chapter 2, the spatial extent of their district, the structure of agricultural administrative areas, 

and the number of spatial units represented by the farmer households helps to plan the 

structure of the spatial data-collection app and estimate storage resources for the prototype 

and future versions. This data paved the way for the more specific location information needs 

of the community presented in this section. One of the key methods of gathering user 

requirements in the Agile software development approach is through user stories. These 

stories are a means of describing what a product must do (i.e., its functionality) to the 

development team (Cockton, Lárusdóttir, Gregory, & Cajander, 2016; Robertson & 

Robertson, 2012). Here is an example of how a typical user story is structured (see also Table 

5-3 for the final Ibenga smallholder farmer user stories): 

As a [role], I want [feature] so that [reason] 

Among the methods and techniques for creating a set of user stories are user 

interviews, questionnaires, observations, and story-writing workshops (Cohn, 2004). I mainly 

used semi-structured interviews (beginning with open-ended questions) and observations (see 

Section 2.3) to gather location information needs from the farmers. This was an opportunity 
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to obtain rich information from the end users that would not be possible, say, with 

questionnaires, which are narrow in terms of the amount of information that can be obtained. 

One cannot, for example, ask a follow-up question based on an answer given in a 

questionnaire. And with a sample size of only 20, it was not necessary to use questionnaires, 

which work best in a large user population. Observation was used at a later stage, as the users 

interacted with a mock-up VGI/mobile GIS app (developed from interview information) 

which was presented to them for evaluation. No story-writing workshop was held as such 

since the participants—members of the hybrid collective—that would normally attend this 

type of workshop were (in this case) in three different countries at the time: the users were in 

Zambia, the product customer/owner/system analyst (me) was in New Zealand (having 

returned from the fieldwork), and the software developers were in Australia, where they were 

based. The option of using Skype to hold a story-writing workshop was not possible as this 

would require continuous Internet connectivity, which was a challenge in the rural location of 

the users. A conference call could have been quite complicated, especially since some parts 

of the conversations would have to be translated since the users hardly ever spoke in English 

continuously, normally mixing English with one of the two local languages or speaking only 

in one of the local languages. Three languages were used during interactions with the users—

English, Bemba, and Lamba. Therefore, instead of gathering information through a story-

writing workshop, I used the information I gathered from the prospective users during the 

interviews and did the user story-writing on their behalf. Then I discussed the stories with the 

software developers via Skype and email. As can be seen, in my case, it was a combination of 

techniques rather than a single one used to create user stories, an approach also recommended 

by Cohn, who states, “The best results are achieved by using a combination of methods rather 

than overreliance on any one method” (Cohn, 2004, p. 53).  
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The location information needs of the farmers that were “trawled” during the 

requirements-gathering process are summarised in Table 5-2. The metaphor of trawling, used 

by Robertson and Robertson (2012) to describe the process of requirements-gathering, is an 

accurate reflection of my field experience as shown above. Each of the techniques used was 

like a “requirements fishing net” of a different size, so that any “requirements fish” that 

escaped one net was caught in one of the subsequent nets. This helped establish a set of 

requirements that reflected the farmers’ needs as accurately as possible to ensure the 

development of a software product that supported the end users’ business goal.  

Table 5-2   Ibenga farm block location information needs 

No. Location information needs 
1. Location, extent, and size of agricultural farm blocks, camps, and co-operatives 
2. Location of dwellings 
3. Location, extent, and size of farms 
4. Location of market and trading centre 
5. Location and extent of existing and new villages 
6. Location of mineral resources 
7. Location of chiefdom boundaries 
8. Location of cultural and historical sites 
9. Location of water and electricity installations 

10. Location of water pumps 
11. Location of education and health facilities 
12. Location and state of road and bridge infrastructure 

 

As users may not always be clear about the available technologies that may solve a 

problem, experienced developers may suggest a solution based on industry standards and 

current trends which may be attractive to users and cause them to discard solutions they 

might have proposed. Cohn (2004) reports a case where users who had a text-based solution 

in mind tore it apart in favour of the drag-and-drop graphical user interface alternative 

exposed to them by the developer. My situation was similar when I came into contact with 



156 
 

the farmers, most of whom had never seen a smartphone. I therefore suggested a smartphone-

based solution to their location information needs, which they immediately accepted. This 

meant that their requirements could now be translated into a graphical user interface format. 

Soon after gathering the initial requirements, I sketched the user interface of an app that I 

thought captured their location information needs and presented it to programmers at 

BongoHive, a “technology and innovation hub” within Zambia, for them to prepare a mock-

up of a mobile app. It was more like an interactive slide show that enabled navigating 

between the user interface pages by touching the icons on the screen (see sample screen shots 

in Figure 5-3). 

 

Figure 5-3   Mock-up of VGI app 

While there was no database behind the mock-up, it provided a means of presenting to 

the farmers, over 90% of whom had no previous exposure to a smartphone, a picture of the 
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envisaged community-based PGIS/VGI app for the bottom-up SDI. This was presented to the 

farmers and some agricultural extension officers for evaluation at a gathering I arranged 

during the first field trip. Feedback was provided and the requirements were updated for 

input—in the form of user stories—to the prototype developers. The final user stories that 

were presented to software developers are shown in Table 5-3. 

Table 5-3   Final Ibenga farm block user stories 

No. User story Narrative 

1. 
Mapping boundaries and 
infrastructure 

“As a farmer, I want to contribute to the measurement of 
boundaries and the local infrastructure, so that others can 
see it and use it for better decision-making in farming 
business and regional development.” 

2. 
Recording information 
about boundaries and 
infrastructure 

“As a farmer, I want to record information about local 
infrastructure, so that others can see it and use it for 
better decision-making in regional development.” 

3. Viewing maps 
“As a farmer, I want to view the updated map of an area 
of interest, so that I can make better decisions in my 
farming business and community development.” 

4. Taking pictures 

“As a farmer, I want to take pictures of hazards and points 
of interest so that they can be seen by others at the 
location I take them, for decision-making resource 
management.” 

 

The following section presents the key features of the SDI’s data collection app, 

which was developed using the user stories presented to the software developers. 

5.5 Prototype  

The development of the prototype of the community-based SDI’s data collection app 

based on the requirements gathered from the target end users in their context is a step closer 

to the “design and development of SDIs … focused on ‘real people using real systems to 

address real problems’” (Carter, 2003, quoted in de Man, 2006, p. 338). This mobile app is a 
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contribution to filling the mobile-GIS data collection and processing software gap identified 

in Chapter 4. The app was also a means for practical exploration of the potential of VGI in 

equipping the lay members of the hybrid SDI collective to participate in SDI development 

more effectively. The app prototype is described in this section while the community-based 

PGIS/VGI collection using the developed app is presented in the next chapter. The main 

features of this prototype are: 

1. Login page 

2. Map page 

a. Viewing infrastructure details 

b. Creating new infrastructure 

3. Main menu 

4. Profile page 

The details of these features are explained below. 

The Login page is a standard access point to the server on which the spatial database 

(details are in Section 5.6) is installed, with registration permission having been granted by 

the appointed system administrator in the collective.  

The Map page, which is the first user interface that appears after login, displays the 

location of the user, who is indicated on the screen by a red dot inscribed in a blue circle. 

OpenStreetMap (selected for the collective in Section 4.4) was used as the background, so in 

areas where the OpenStreetMap is sufficiently mapped the user is able to see key surrounding 

features on the map, showing their context. In the top-right corner is the Home button, which 

opens the main menu. On the bottom-left side of the Map page is the Current Location button 

for re-centring the map onto the current location of the user. At the bottom left is the Add 

Infrastructure button that gets the user started with creating a feature or mapping. A simple 

tap on the infrastructure already added with the app will open a popup message window 
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displaying the details (see Figure 5-4 for the Login page, the Map Page, and infrastructure 

details or attributes).  

 

 

Figure 5-4   Login page (left), Map page (centre), and Viewing infrastructure details (right) 

In order to get started with capturing new infrastructure, the user has to tap the Add 

Infrastructure button. The user is then presented with a submenu with options for mapping 

point, line, and polygon features. To add point infrastructure, the Point sub-menu is tapped, 

presenting the “Add Infrastructure” form providing options for adding the name of the 

infrastructure, a description, and suitable tags to support database queries. The form also has 

a drop-down menu with lists of categories and subcategories to enable the user to classify the 

feature that has been added. Latitude and longitude coordinates of the user’s current location 

are also displayed on this form. The form also provides for taking a geotagged photo of the 

feature being added. Once the user is satisfied with the completion of the form, they may tap 

the save button, which closes the form and returns to the Map page. 
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The Line and Polygon buttons are similar in function to the Point button. In order to 

get started with capturing a line or polygon infrastructure, the user taps the corresponding 

button. A green temporary marker then appears on the map based on the user’s current 

location. At this stage the user interface will be updated with four more buttons to add, undo, 

discard, or accept (done) any given step in the mapping process. Tapping the Add button will 

create a new temporary marker on the map at the position of the user. The Undo button 

removes the last created temporary marker. When the collection of points has been completed 

the user taps the Done button, at which stage the “Add Infrastructure” form will be presented. 

The user may then complete the form in the same way as it was filled when adding point 

features. Figure 5-5 shows the user interfaces for creating a new infrastructure, the form for 

adding infrastructure, and extended menu options which appear when the mapping activity 

progresses. 

 

Figure 5-5   Creating a new infrastructure (left), Add Infrastructure form (centre), and extended 
menu options for adding infrastructure (right) 
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The main menu is presented at the tapping of the Home button. Only the Profile and 

Synchronize Data options were developed on account of time and resources (see Figure 5-6). 

Tapping the Profile button presented the details of the current logged-in user. The 

Synchronize Data button enabled the uploading of the entire set of created infrastructure to 

the community-based SDI server as well as the downloading of all data from other 

contributors from the server for storage on the local device. In this way one user would 

contribute data to the server as well as updating their own mobile phone’s database with the 

contributions of other users, thus enriching the map on their device. 

 

Figure 5-6   Main menu and user profile 

There were a few user requirements that could not be implemented as functions on the 

app on account of limited time and resources coupled with restricted access to information 

which was to be obtained from a third party for it to work. These functions were Cost of 

Farming, Market Info, and Chat. For these reasons their respective buttons appear disabled in 

the app. The initial intention for the Cost of Farming function was to provide a feature for the 



162 
 

targeted users—smallholder farmers—to make a quick calculation of how much it cost them 

to produce their crop from land preparation to harvest so that they may use that information 

to arrive at a profitable selling price. The Market Info function was to be linked to the Zambia 

National Farmers’ Union market information on their website so that the farmers could 

compare their prices to what was being offered by millers. The plan for the Chat function was 

to provide a communication platform for the users of the mobile app so that they could easily 

organise events, alert one another about hazards at specific locations on the map, and report 

vandalism on the map. 

In the absence of the chat function on the VGI app, the free WhatsApp messaging app 

was added to the collective as an alternative. WhatsApp enables users to chat by text and 

voice message. It provides for making both voice and video calls as well as facilitating 

sharing media such as audio files, photos, videos, and documents between individuals or 

groups. WhatsApp currently works on Android, Apple iOS, and Windows Phone smartphone 

platforms. Using this service for this research project provided an opportunity to explore the 

extent to which it fulfilled the intended chat functionality on the VGI app and also a means of 

communication with the 20 research participants. All that is required to use this service is to 

install it and provide one’s name and phone number in the process. WhatsApp uses an 

Internet connection, so when making voice calls using WhatsApp mobile data is used, 

leaving the airtime allocation for calls on one’s phone intact. 

The other communication service included in the hybrid SDI collective to support 

smartphone-based VGI using the developed app was Gmail. While clearly Gmail (and 

WhatsApp) is not open source, it was used because it is free of charge. The main reason for 

using open source software for this research was to address the challenge of financial 

constraints, and since open source software is free to download and free of annual licence 

fees, it was a natural choice. In the course of the research, I endeavoured to make it as easy as 
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possible for participants by introducing them to software applications that others in their 

social environment would use rather than being slavishly committed to the open source 

principle. Gmail was opted for as an email service because I was most familiar with Google 

products and knew they work well with the Android operating system used by the Huawei 

project phones. Some of the benefits of creating Gmail accounts were access to Google Drive 

cloud data storage, which could be used for sharing information and files with the research 

participants, in particular to obtain a copy of the VGI app’s APK file (an installation file 

similar to the executable file for installing software on a Windows PC). This could be used 

for reinstallation in case of accidental uninstallation or for app software upgrades. The other 

benefit was access to the Google Play store for obtaining other free apps (like WhatsApp) to 

make up for the functionalities absent from the prototype app, such as the chat function, 

which we did not have the resources to build. There was also an idea of using Google Play 

for downloading and installing a screen-recording app for usability testing. This idea was not 

pursued because of Internet connectivity challenges which resulted in the recordings being 

interrupted. 

The community-based SDI app prototype was designed to work offline in order to 

mitigate the constraint of financial resources for mobile data and the challenges of 

intermittent Internet connectivity in some areas. Internet connectivity was, however, required 

at the time of logging in to enable the system to obtain user details from the server. Once the 

user is logged in the user details are stored on the mobile device to allow for the app to work 

offline.  

Prior to the development of the version of the app for prototype testing in Zambia, I 

tested it in New Zealand and also requested three other pilot test users to install the app and 

test it. This was in line with the procedure recommended by Nielsen (1993). The feedback 

from the local testers plus my own feedback was further submitted to the actors in the 
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collective that were responsible for developing the app for final improvements to make the 

app more usable for the Ibenga smallholder farmers. The outcome of the prototype testing by 

the targeted end users is presented in Chapter 6. 

The following section presents the updated “arrangements of materially 

heterogeneous bits and pieces” (Cameron et al., 2014, p. 120)—the assembly of the 

technological elements of the hybrid SDI collective. The arrangement includes the context in 

which the community-based SDI app fits. It shows how the app works together with the open 

source elements of the collective that were selected in Section 4.8 to support the creation, 

access, sharing, and exchange of spatial data.  

5.6 Assemblage of the open source elements of the hybrid SDI collective 

The technology or access network component of a spatial data infrastructure includes 

the software and hardware that facilitate the creation, access, exchange, and sharing of 

location information. The architecture consists of the front end or interface that the user 

directly interacts with to access the services of the SDI, and the back end, consisting of 

servers, which really do the work but are invisible to the user. The software suited to the 

hybrid collective that builds the SDI digital-knowledge commons in a resource-constrained 

context was selected in Section 4.8, with the exception of the mobile GIS app which was 

developed in this thesis, as presented in Sections 5.3 and 5.4.The open source software 

assemblage then consists of QGIS for desktop data collection and processing and GeoNode 

for geospatial content management, bringing together PostgreSQL/PostGIS (for data storage 

and management) and GeoServer (for data access and publishing over the Web). GeoNode’s 

inbuilt pycsw software would take care of the SDI metadata and cataloguing of all the data 

contributed by the spatial data community that could later come on board the hybrid SDI 



165 
 

collective. GeoNode makes provision for the installation of GeoNetwork, a dedicated 

metadata and cataloguing software for added functionality as needed. 

Figure 5-7 shows the interactions of the SDI devices and servers with their respective 

open source software packages as selected following the software review in Section 4.8. This 

architecture was, however, not used in its entirety during the testing of the prototype and of 

the community-based PGIS/VGI collection concept in Zambia. This was on account of 

limited set-up time, travel logistics, and the low availability of the research participants. A 

quick solution had to be carefully sought out. The main goal for the proof-of-concept set-up 

was to facilitate the capture of spatial data out in the field and store it in a centralised spatial 

database for later retrieval and viewing. Therefore the architecture that facilitated user 

registration, login, capturing spatial data, and uploading the data captured in the field to a 

community portal for viewing from a Web browser was sufficient, as long as open source 

software was used in the set-up. This was in keeping with my central thesis, which argued for 

an SDI solution based on free resources and recognition of the role of the grassroots. For data 

storage and management, PostgreSQL/PostGIS, an open source database management 

software, was used just as in the final conceptual design in Figure 5-7. The Android mobile 

app was the primary interface for data capture for the SDI digital-knowledge commons. The 

app was designed and built to be compatible with Android 5.0 Lollipop to suit the 20 

smartphones to be used for prototype testing. Android is an open source operating system 

found on most phones in the Global South because of its affordability.  
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Figure 5-7   The assembled “arrangement” that handles spatial data: Conceptual SDI design 

The components used to build the app by the members of the hybrid SDI collective 

responsible for software development were: 

1. SQLite as the mobile device’s local database. 

2. OnsenUI + ReactJs development framework (open source) to build the user 

interface. 

3. Mobile Atlas Creator (MOBAC) for creating offline maps for the mobile app 

to be available without network coverage. 

4. Leaflet to consume the offline map tiles created by MOBAC and provide 

background mapping functionalities. 
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The Web portal to facilitate the display of the community-collected data was 

developed using the ReactJs framework with a Mapworks embedded map. Full development 

of the Web portal was beyond the scope of this project. However, it included REST Web 

services to provide connectivity between the mobile app and the data source, i.e., to 

synchronise data between the mobile app and the SDI database. It is worth mentioning that 

the Mapworks base map used was the only technology that was not open source. It was used 

for demonstration only, as a matter of convenience, because it was readily available to the 

developers, and it can easily be swapped with any other open source mapping framework, 

such as OpenLayers. Figure 5-8 shows the architecture for the proof-of-concept set-up. 
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Figure 5-8   Conceptual model for prototype testing and community-based data collection  

5.7 Discussion and conclusion 

This chapter has shown the assemblage of the elements that constitutes the SDI 

prototype of this thesis—the collective that began building the SDI digital-knowledge 

commons through data collection by the grassroots communities presented in Chapter 6. It 

also shows the assemblage of free and open source software elements of a fully-fledged 

hybrid SDI collective that could enable the delivery of spatial data to end users in resource-

constrained contexts of the Global South. The assemblage includes QGIS (desktop GIS) and 
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GeoNode (SDI software stack), the “gathered” elements in Section 4.8. It also includes the 

mobile GIS app, which was a created element of the collective. The chapter also presented 

the requirements-gathering process for the app using proven methods. These methods ensure 

that the resulting mobile app supports the lay members of the hybrid SDI collective in the 

mapping of local resources and to do so effectively, efficiently, and with satisfaction for 

better decision-making in their farming business. Application development without rigorous 

requirements-gathering can lead to a product that fails to fulfil the goals of the intended users. 

The chapter also described the resulting mobile app with the help of screenshots of the 

different graphical user interface screens in order to show its potential and appearance.  

The mobile app and its conceptual design can provide a basis for building an open 

source–based, bottom-up SDI for any community in the Global South with constraints similar 

to the ones in the Ibenga smallholder farming community. In presenting a picture of the 

community that builds the SDI digital-knowledge commons, the chapter has set the stage for 

testing the developed prototype in terms of usability and testing the concept of community-

based PGIS/VGI data collection overall, covered in the next chapter. 
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6 TESTING THE PROTOTYPE AND PARTICIPATORY 

APPROACHES TO SMARTPHONE-BASED VGI 

6.1 Introduction 

The integration of PGIS approaches with VGI tools and techniques can benefit the 

realisation of community-based SDI goals by enabling the participation of the grassroots in 

SDI development, particularly in the area of collection of location information relating to 

their community and culture. The strength of PGIS for SDI development is the attention it 

pays to empowering grassroots communities, while the advantage of VGI is its focus on 

equipping individuals with tools that enable widespread and timely collection of spatial data. 

Combining these strengths has the potential for filling gaps in the data and people 

components of SDIs. Equipping local communities with the right tools and techniques can 

enable the collection of data that is largely missing in formal SDIs. It can also be a step 

towards addressing the scarcity of GIScience professionals (see Section 1.1.4), as the VGI 

tools with which communities get equipped, such as smartphones and mobile GIS apps, 

enable them to participate in the production of spatial data. As mentioned in Section 3.2 they 

potentially become “produsers”. The overarching framework in which this co-production of 

knowledge fits, as argued in Chapter 3, is that of the hybrid SDI collective. 

The concept of VGI has been gaining increasing recognition, as noted by Nedović-

Budić et al. (2011, p. 210) in their book entitled Spatial Data Infrastructures in Context: 

North and South. Among the examples of companies they note as seeking to integrate citizen-

contributed geospatial data is Tele Atlas, which recognises the value of spatial data 

contributed by individuals as a means of keeping their maps up to date. Tele Atlas is a 

navigation systems company whose products include mobile and Internet applications. 

Nedović-Budić et al. (2011, p. 210), however, lament the fact that “research is almost 
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exclusively concentrated in the North. Little is known about the adoption, use, and citizen 

participation in VGI in the South.” The World Bank also acknowledges the special role of 

VGI as a means for policy-makers and the public to access “the right data and information to 

inform good decisions”, but is concerned with their low “adoptions and wider use”. 

Convinced that “it will be impossible to achieve the goals [of building resilient societies] 

without active involvement of local people in data collection and maintenance”, the World 

Bank (2017b) is searching for case studies of VGI in order to support its wider adoption. 

The above-mentioned scenarios reveal limited practical examples of VGI in the 

Global South to learn from. For this reason, I was motivated to conduct a field exercise in 

Zambia to enable me ascertain the feasibility of an SDI that includes VGI and the extent to 

which the laypeople in the heterogeneous community building the SDI digital-knowledge 

commons can participate. In so doing I answer, in this chapter, the research sub-question: “To 

what extent can participatory approaches to smartphone-based VGI collection enhance the 

production of and access to location information for SDIs?” 

As indicated in the above research question, the VGI exercise required a mobile GIS 

app as a tool. The usability of the tool (developed in this thesis), however, also needed testing 

as it was at the prototype stage. Testing products for usability is very important as it helps the 

developer to assess the level to which the built product fits the users’ requirements in 

enabling them accomplish their goals efficiently, effectively, and with satisfaction. 

The chapter demonstrates the idea of bottom-up SDIs with a focus on spatial data 

collection and collaboration using smartphones in the Zambian context and describes the 

usability evaluation of the SDI’s mobile app. The following section describes the method 

used for testing participatory approaches in VGI and the usability of the prototype. 
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6.2 Method 

The research question was answered through the process of conducting an exercise of 

testing the prototype mobile app for usability in the course of community-based VGI 

production among smallholder farmers in rural Zambia. As mentioned in Chapter 5, a version 

of the VGI app was partly pilot-tested for usability in New Zealand, where I was studying, 

but as it was designed for use by the smallholder farmers, it was necessary to also test the 

prototype among the targeted users to gain insights into possible aspects of improvement that 

may not have been detected in the initial tests. This would be helpful for future development 

and possible deployment of the app as part of the final stage of the Agile software 

development cycle that was followed in building it. Norman (2013), who is widely regarded 

for his expertise in the field of usability engineering, emphasises the need for testing a 

prototype with “a small group of people who correspond as closely as possible to the target 

population—those for whom the product is intended”, and that, in their natural environment. 

The sample group consisted of the 20 smallholder farmers in this research whose profiles 

were presented in Chapter 2. 

The testing was carried out during my second field trip in 2017. I carried out the test 

after a preparatory stage that included ensuring the VGI app was properly installed and 

operational on each smartphone. This was followed by an introductory explanation of the 

purpose of the test. Two sets of focus group discussions were conducted (each set consisting 

of four groups), one before the start of the testing of participatory approaches to smartphone-

based VGI (or community-based VGI) using the mobile app and another one after the 

experimental data collection. The first set of focus group discussions mainly focused on the 

social aspects of community-based VGI while the second set mainly focused on the technical 

aspects. The focus group discussions on the social aspects focused on such things as the 

culture and norms, as well as the general community life of the smallholder farmers in order 
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to better understand this aspect of the context in which the community-based VGI concept 

was being tested. The second set provided an opportunity for feedback (or debriefing) from 

the participants. This feedback enabled me to gain insight into their user experiences in the 

process of recording the resources in their community to produce a map intended to support 

their farming business and improve the management of their resources for a better life. The 

four usability test stages I followed were summarised by Nielsen (1993) as preparation, 

introduction, the test itself, and debriefing. The framework for specifying usability that I 

adopted for this research was in line with ISO 9241, Part 11: Guidance on Usability (ISO, 

1998). This ISO standard indicates that usability is to be considered not only in the design of 

a product but also in the testing of a prototype for further improvement, as is the case in this 

chapter. It provided a helpful means of evaluating the suitability of the prototype for the 

Ibenga community.  

The International Organization for Standardization (ISO) defines usability as “the 

extent to which a product can be used by specified users to achieve specified goals with 

effectiveness, efficiency and satisfaction in a specified context” (ISO, 1998). By context they 

refer to external issues/situations that can have an impact on the achievement of the specified 

goals effectively, efficiently, and with satisfaction. Performance and satisfaction are the 

fundamental means of measuring the level of usability, with performance itself being 

measured by the effectiveness and efficiency with which a goal is achieved. The components 

of context listed by the ISO that can have an impact on usability are user, equipment 

(technology), tasks, and physical and social environment. The aspects of the user that are in 

focus, as far as context is concerned, are the user’s qualities such as skills, training, level of 

education, culture, and experience. Equipment refers to the hardware, software, and 

materials, which in this research are the user manual (or training sessions), the mobile device, 

the SDI’s VGI app, and the operating system that connects the device and the app. Tasks 
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refers to the activities required of the user to achieve the intended goal, which in this case 

includes the physical movement of the user from one location to another as well as their 

interaction with the mobile app. The other component of the user context that can have an 

impact on usability is the combination of physical and social environment in which the 

activities for achieving the goal are carried out. These could be terrain, land use cover, and 

community culture. Figure 6-1, adapted from Coursaris and Kim (2011), illustrates the 

interrelationships between context, usability dimensions, and consequences. It shows how 

awareness of context has an impact on the usability dimensions of effectiveness, efficiency, 

and satisfaction and that if the levels of these dimensions are high the result is improved 

system integration, adoption, and trust among the users.  

 

Figure 6-1   Mobile usability framework (adapted from Coursaris & Kim, 2011) 
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The following sections present the components of context with respect to the Ibenga 

community and, based on this context, provide a review of the measured usability of the 

mobile app prototype. 

6.3 User profiles (User)  

According to the ISO usability framework, the user is the person who interacts with, 

in this case, the mobile app being tested. The users’ prior knowledge of the hardware, 

software (input device skills), and VGI app are important. Their level of training, 

organisational experience, qualifications, language skills, and personal attributes such as age, 

sex, physical limitations and disabilities, intellectual abilities, attitude, and motivation can all 

have an impact on usability. The users in this research are smallholder farmers mostly above 

40 years of age with a low level of education and no experience with smartphones. The 

detailed profiles of these users, in whom I observed no physical and cognitive disabilities, are 

given in Chapter 2, Table 2-2 . The following section provides details of the next component 

of the context, the mobile app and the technology that supports it, i.e., the mobile phone and 

mobile operating system on which it is installed. 

6.4 Smartphones and the SDI’s VGI app (Technology) 

Mobile phones in the Global South have become ubiquitous, though these are mostly 

basic phones. Even with these basic phones there are reports of them being used for research 

in location information (Liu, 2014; Nedović-Budić et al., 2011). The number of smartphones 

is also slowly rising (Poushter, 2016), and it is this trend that motivated this research on their 

potential for use in community-based VGI collection. Smartphones have the advantage of 

being able to capture the three key forms of spatial information described by Senaratne, 

Mobasheri, Ali, Capineri, and Haklay (2017) as being map-based, image (or photo)-based, 

and text-based. Map-based information refers to information that includes points, lines, and 
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polygons, which are the basic elements of a map and which can be collected by screen 

digitising using a desktop computer or handheld GPS receiver. Imaged-based geographic 

information refers to photographs associated with geographic locations and can be collected 

using a Global Navigation Satellite Systems (GNSS)-enabled camera. Text-based geographic 

information refers to textual information about place and space. The smartphones used in this 

research were 19 Huawei GR5 and one Huawei P8 Lite. The specifications for the Huawei 

GR5 and approximate price are given in Figure 6-2. The operating system, speed, battery 

power, and screen size can all have an impact on the usability of the app, hence the 

importance of outlining them here. The price of the phone is also important, as it is a major 

factor in the ability of users in the Global South to afford one. 

 

 
Figure 6-2   Huawei GR5: specifications and price 
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The operating system running on the mobile device for the prototype testing was 

Android, an open source platform developed by Google. This operating system is primarily 

designed for touchscreen devices such as smartphones and tablets. It is currently the world’s 

most popular mobile operating system, as shown in Figure 6-3, at a market share of 73.05%, 

followed by iOS (Apple) at 19.99% (Global Stats, 2017b). The choice of Huawei for the 

hardware was mainly because it is one of the well-known smartphone brands that uses the 

Android operating system and has a good combination of affordability and quality. While the 

smartphones were a donation, I was given the liberty to choose the model and operating 

system running on the phones. The choice of an Android phone increases the chances of more 

users for the app once it is fully developed given these phones’ huge distribution and 

affordability compared to iOS-based phones. 

 

Figure 6-3   Mobile operating system market share worldwide (Global Stats, 2017b) 

As the features and operations of the community-based SDI’s mobile app running on 

the Android operating system are presented in Chapter 5, only a few screenshots of 
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representative user interface screens are reproduced here for the aim of describing the 

usability testing procedure (Figure 6-4).  

 

Figure 6-4   Login page (left), Map page (centre), and Viewing infrastructure details (right) 

The following section presents the field activities that were undertaken to achieve the 

goal of community-based VGI collection around the resources of Ibenga farm block with the 

app. The characteristics of the activities have the potential to influence the usability of the 

mobile app. 

6.5 Mapping activities (Task) for usability testing of the prototype 

The setting up of the field activities started with the process of ensuring that the phone 

settings were correct and installing the VGI app. On reaching the research site in the Ibenga 

area of Mpongwe district, I had a planning meeting with two participants who had 

demonstrated leadership qualities. I presented my fieldwork plan for the period 15 May–22 

June 2017 to get feedback from them as to how feasible it would be. The plan involved daily 

activities during the week, with the aim of taking into account each activity, expected 
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outcomes, duration of each session, and equipment required while identifying possible 

problems. The planned session duration was a maximum of three hours on each of the 

meeting days. Providing a forum to review my plans against the circumstances of the 

participants was an acknowledgement that they were a part of a network in which we were 

both actors collectively building the SDI digital-knowledge commons. From the research 

methodology point of view, the consultative process was also an important aspect of action 

research in emphasising the role of participants as key research partners. It furthermore 

demonstrated the practical outworking of ethical considerations in research. 

The outcome of the consultative meeting with the participants’ representatives was 

that the content of my plan was acceptable, but the frequency of the meetings was too high as 

the participants, being farmers, were still in the process of harvesting their maize and other 

crops. Thus they made an alternative proposal of meeting two days a week but also proposed 

an extension to the duration of each meeting from three hours to about eight hours. 

Explaining their decision, they argued that the total number of hours would be about the same 

per week, adding that this approach would enable the farmers to concentrate fully on their 

harvest during the first three days of the week and then participate fully in the research in the 

remaining two days. I consented to their suggestion and we agreed to present it to the rest of 

the group the following day to establish consensus.  

When all 20 research participants met, the suggestion was presented to them and they 

unanimously agreed with the two-days-a-week research participation plan. This approach was 

adopted for all the six weeks of the fieldwork period, except for a few instances where 

modifications were agreed upon. The gathering of the entire group of participants provided an 

opportunity for presenting the details of the fieldwork trip, as outlined in the information 

sheet, which was a follow-up to the 2015 trip during which user requirements were gathered. 

Consent for participation was secured from the participants, who were visibly very 
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enthusiastic about taking part in the second phase of the research, which was the testing of 

the prototype app and the concept of community-based VGI. They had been looking forward 

to seeing the outcome of the requirements-gathering exercise in 2015. In compensation for 

their time and contributions, I gave each of the research participants the respective phones 

they were using during the experimental data collection. While the participants seemed 

motivated to take part in the research for future community benefits, self-esteem, social 

recognition, and personal development—similar to other crowdsourcing activities—this 

gesture is also understood as a sign of respect in traditional establishments in Zambia. It also 

seemed appropriate to render this gift both from the crowdsourcing perspective and action 

research, each of which were driving the research and are designed for the mutual benefit of 

the participant and the initiator (Estellés-Arolas & González-Ladrón-de-Guevara, 2012; 

Gilmore et al., 1986). The phones were worth about US$255 (K3,070) which is equivalent to 

about double the average household monthly income in the Copperbelt province, where the 

research site is located (IAPRI, 2016). I also provided meals for them at each session as 

another form of compensation, especially since it was not practicable for them to return to 

their homes to have their lunch and return to the field experiment afterwards due to distance 

and time constraints. 

6.5.1 Getting started and challenges 

Setting up the phones included inserting SIM cards, updating the operating system to 

the latest version, assigning phone IDs for each user, creating corresponding email and 

WhatsApp accounts, installing the VGI mobile app, and training. 

During the 2015 fieldwork trip, I realised that the MTN mobile network was the most 

reliable in the area, so I bought SIM cards for that network. I also bought initial airtime for 

each SIM card. This had to be converted into the mobile Internet data plan after loading it 

onto the SIM card. In Zambia the most common practice for paying for mobile service is pay-
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as-you-go rather than registering for a monthly plan. One can buy a voucher for the value of 

airtime they can afford and use it to make phone calls; another can convert some of the 

airtime into a mobile data allowance and use it for Internet connectivity if they own a 

smartphone. Once the airtime or mobile Internet data is depleted a top-up voucher can be 

bought to keep using the mobile service. While the purchase of airtime was straightforward, 

converting it to mobile data plan proved a challenge as the conversion was not successful for 

all the SIM cards at the same time. It required persistent follow-ups with the mobile service 

provider over several days due to the technical challenges they were facing. Upon inserting 

the SIM card and loading mobile data plan, the operating system was updated in order to get 

the maximum benefits of the latest Android functionalities, including security and battery 

efficiency improvements. 

The next step was to assign IDs in a range of 1 to 20 to each phone and physically 

mark them for easier identification in the process of research and analysis. Each identity was 

further associated with the respective name of each user. This process also helped to avoid 

mixing up the otherwise identical phones between users. 

The process of creating email accounts had been attempted through my research 

assistant prior to my travel, but by the 2017 field trip, most of the research participants had 

forgotten their passwords, so the process had to be repeated all over again, a process that 

proved quite time-consuming. 

The functionalities of the WhatsApp messaging app, including the possibility of 

creating a chat group in the app for easier communication during the research period, were 

explained to the participants. Once this was done, I created the group and asked them to 

suggest a name for it before completing the process. The group was named Tubombeshe21 

                                                
21 “Tubombeshe” means “Let’s work hard” in Bemba, one of the local languages. 
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Organic Farmers as this is how they identified themselves, having all participated in an 

organic farming course.  

The next step was the installation of the VGI app from my laptop to the participants’ 

phones using a USB cable. This was followed by a training session on logging in to the app 

in order to be certain that the set-up was complete and the phones ready for the detailed data-

capture training. All the users had been registered on the community-based SDI server (set up 

by the Australia-based members of the hybrid SDI collective who developed the software) 

prior to the commencement of the field trip, so the usernames and passwords were already 

set. There were a few technical challenges with the attempts to log in that were eventually 

overcome. However, a major technical problem remained after successfully logging in: there 

was an abnormally huge positional inaccuracy of around 3,500 m (see Figure 6-5)! No such 

error had been experienced during the local pilot prototype testing either in Australia by the 

software developers or in New Zealand by me or the other volunteer testers. In both local 

testing processes, smartphones identical to the ones used at the research sites were used. In 

fact, the one used in New Zealand was also on the research site and yet also exhibited the 

same 3,500 m location error. After lengthy troubleshooting, I discovered that the error had to 

do with the GPS settings on the phones. 
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Figure 6-5   Positional error and the responsible Android Location Services settings 

In the phone’s Location Services section (Figure 6-5), there were three options for the 

phone to calculate its position. The default option was “Use GPS, Wi-Fi and mobile 

networks”, the second “Use Wi-Fi and mobile networks”, and the last “Use GPS only.” It was 

interesting to note that these settings did not prove to be a problem during local testing in 

New Zealand, where phone no. 19 had been used as a testing device with the same setting 

(i.e., “Use GPS, Wi-Fi and mobile networks), yet in Ibenga it indicated the 3,500 m error. 

The positional accuracy problem was resolved by changing the settings to “Use GPS only”, 

which improved the accuracy to between 4 and 6 m on average. The cause of the error is 

likely to do with the interaction between the mobile network and the GPS in calculating the 
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location of the device. A further study of this issue is required, taking into account the 

sparsely located cell towers in Ibenga. With the accuracy problem fixed, the group was now 

ready for the next stage of the training, which was that of learning to capture infrastructure 

using the app. This experience provides an illustration of how important it is to test products 

in situ before final deployment.  

6.5.2 Training, goal-setting, and mapping 

Having successfully logged into the app and with the accuracy indicator on the Map 

page showing less than 10 m, I taught the participants how to capture infrastructure starting 

with point features (e.g., a borehole), proceeding to line features (e.g., a road section), and 

ending with polygon features (e.g., the perimeter of a football ground). Using sample data on 

one of the phones, I demonstrated the functionalities of the Synchronize Data button, 

allowing all users to upload the data they collected and automatically download and view the 

data collected by others, in their phones. I then logged in to the community-based SDI Web 

portal using my laptop to view the uploaded data. Internet connectivity for the laptop was 

achieved using a USB modem (mobile Internet dongle) as there is no Wi-Fi or Internet café 

in the area. These wireless modems come with an integrated SIM cardholder to access the 

Internet using the mobile service network. The uploaded data was displayed to the 

participants to expose them to an alternative view of the integrated data apart from their 

mobile phones. With the scarcity of computers in the area, it was apparent that most users 

will only be able to view the integrated data on their phones. The other alternative for 

viewing the data in a more comprehensive way was for each farmers’ co-operative to acquire 

a desktop computer and USB modem for this aim. Having demonstrated the whole process, 

from data collection to data synchronisation, the participants were then sent out in pairs to 

each capture one of each type of feature (point, line, and polygon) as an exercise. See photo 
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of the laypeople of the hybrid SDI collective in Figure 6-6 just after the training session on 

the operation of the SDI mobile GIS app. 

 

Figure 6-6   Prospective “produsers” soon after the training session on the use of the SDI mobile 
app 

Usability can only be fairly tested in the course of using a product. In this case, it was 

the mobile GIS app which had to be tested to achieve a specified goal (ISO, 1998). In the 

process of using the product to achieve a specified goal, the product can be assessed. The 

goal of the users here was to capture the infrastructure in the Ibenga community and thus 

create a spatial dataset of local infrastructure to support decision-making in the business of 

smallholder farming. These decisions include routing, estimating the size of a field ploughed 

by hired workers, and responding to government-led projects in their community. The aim 

was for this dataset to be similar to those captured by the stakeholders in the formal SDIs 

such as utility companies, transport agencies, and the national mapping agencies. This goal 

was achieved by carrying out sets of mapping activities, described in the following section. 



187 
 

The mapping activities that constituted the goal or task for usability testing essentially 

involved collection of map-based, text-based, and photo/image-based location information on 

the infrastructure in the Ibenga community. The task was to map as many point, line, and 

polygon objects (features) as possible and for each feature to assign a name, description, tags, 

and category in the respective fields in the app. The participants were also required to take a 

photo of each feature mapped. Instructions were given as to what was required to be entered 

in each field (see Figure 6-7). 

 

Figure 6-7   Examples of captured data as viewed from the mobile app 

By this time, the participants were actively exploring the functions of the WhatsApp 

group, exchanging greetings and photos. This platform was also used to notify the group in 

case of any adjustment to the programme. During one of the sessions, I requested that the 
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participants think about infrastructure in their community that they thought was important for 

inclusion to the SDI digital-knowledge commons. I asked them to post their ideas on the 

Tubombeshe Organic Farmers WhatsApp group as they came to mind. The contributions 

soon started flowing. After a period of time I extracted the information and presented it to 

them on an Excel Spreadsheet and asked them to allocate among themselves who was going 

to map what (see Appendix D for a complete list). With the strategy in place, the mapping 

party enthusiastically set out to do the mapping of the farm block. 

An additional task was given to each participant to map an agreed-upon point, line, 

and polygon feature. This meant that everyone was required to map the same three features as 

the others. This was for the purpose of getting a view of consistency in the measurement 

precision and to learn more about how to deal with the problem of trustworthiness of VGI 

data. A comparison of the features mapped during this exercise was carried out and reviewed. 

The results are presented in Figure 6-13 in Section 6.7. 

6.6 Environment (Context of use) 

The last component of the user context in which the prototype was being tested was 

the environment, i.e., the physical and social environment. As discussed in Chapter 2, Ibenga 

is in a rural part of Zambia, with only a limited number of homes having access to electricity 

and running water. 

When it comes to the roading infrastructure, only the inter-district road and the road 

leading to the palace are sealed (tarred). Moreover, Ibenga has a lot of roads that are purely 

community-maintained—all dirt roads. It also has many bridges which were made by the 

community out of logs, while other bridges were constructed and are maintained by the 

government. As expected, the areas along the rivers and streams are overgrown with trees, 

which could have an impact on the GPS signals when creating the boundaries of water 
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resources using the app. The most common means of transport within the community are 

walking and cycling. Harvest and farm inputs are transported by hired trucks or ox- and 

donkey-drawn carts. Only a few individuals and government officials have motorbikes or 

pick-up trucks. This implies that most mapping would be done on foot or bike and would thus 

be tiring when involving long roads and features as well as boundaries of large areas like the 

entire Ibenga farm block and the respective agricultural camps within it. Furthermore, there 

are only one or two cell towers for mobile communication, which may result in weak Internet 

connectivity in parts of Ibenga far from the towers. This confirms the vital importance of the 

app’s offline mapping feature. There is, in general, peace and harmony in the area, with a 

culture of mutual respect, which raised the hope for mapping exercises that are free of 

violence or threat of damage to the mobile devices. The system of government in Zambia is a 

mixture of state and traditional establishment. The local district council has structures in 

place for managing the affairs of the area complemented by the oversight of traditional 

leaders, starting with the chieftainess as head of the chiefdom and assisted by village 

headmen. This gives an idea of the authorities that could surround the user and enhance the 

data-collection process or hinder it, depending on their respective agendas. 

6.7 Community-based VGI and usability testing review (Usability measure) 

In this section I present the evaluation of the SDI prototype and the concept of 

community-based VGI with respect to the support these can offer in addressing the problem 

of limited access to location information in Ibenga community (research client) as well as the 

problem of SDI development in the Global South (research community). From the 

perspective of this study’s overarching methodology, action research, this section marks the 

beginning of the evaluation phase, or studying the consequences of the action taken to 

address the problem at hand.  
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The ISO 9241-11 framework, the standard that provides guidance on the concept of 

usability, indicates that there is no prescribed choice of measures and level of detail for 

usability testing as this depends on the objectives of the experiment and the circumstances 

surrounding the measurement process. In cases where it is not possible to obtain objective 

measures of effectiveness, efficiency, and satisfaction, subjective measures are allowable 

based on the users’ perceptions. As the feedback from the users in this research was mainly 

obtained via focus groups, most of the usability measures presented are subjective. Objective 

measures were difficult to obtain as there were too many variables in the process of achieving 

the goal set for the respective users. Guidelines for the usability review were selected from 

Table 6-1, which shows a simplified version of the means of measuring usability. 

Table 6-1   Examples of measures of usability (ISO, 1998, p. 9) 

Usability 
objective 

Effectiveness 
measures 

Efficiency measures Satisfaction measures 

Overall usability Percentage of goals 
achieved; 
 
Percentage of users 
successfully 
completing task; 
 
Average accuracy of 
completed tasks 

Time to complete a 
task; 
 
Task completed per 
unit time; 
 
Monetary cost of 
performing the task 

Rating scale for 
satisfaction; 
 
Frequency of 
discretionary use; 
 
Frequency of 
complaints 

 

The following sections show to what extent the app enabled the farmers to achieve 

their goal. 

6.7.1 Effectiveness 

Effectiveness is defined as the “accuracy and completeness with which users achieve 

specified goals” (ISO, 1998, p. 2). This usability dimension is measured by the percentage of 
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goals achieved, the percentage of users having successfully completed a task, and the average 

accuracy of completed tasks (ISO, 1998). Figure 6-8 shows, in the form of a map of Ibenga 

farm block, the combined level of completeness of the task achieved by all 20 participants 

after the experiment was completed.  

 

Figure 6-8   An overview of the mapped areas of Ibenga farm block (created in QGIS)  

The completeness of the task was not in terms of measuring the entire infrastructure in 

the farm block but of each participant being able to complete the process of mapping at least 

one point, line, and polygon. The fact that each one of them managed to carry out these 

measurements demonstrates the level of usability of the mobile app since it enabled the 

participants to map different kinds of resources in their area. One value of smartphone-based 

VGI is that while some of the features were discernible on the background aerial imagery, 

there were a lot more that were not, such as names of places, footpaths, and farm boundaries, 
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most of which had no hedges. The task of mapping also shows the potential of participatory 

approaches to VGI mapping by a group of rural farmers who were using a smartphone for the 

first time with less than five days’ training. The large green polygon in the figure indicates 

the boundary of the western part of the Ibenga farm block and the smaller ones are the farm 

boundaries. The purple dots are point features such as house, borehole, and maize barn 

locations. The participants collected a total of 341 point features, 226 line features, and 145 

polygon features. A view of the mapped areas of Ibenga farm block from the perspective of a 

desktop user on the SDI Web portal is shown in Figure 6-9. 

 

Figure 6-9   Community-based SDI Web portal (prototype) 

Figure 6-10 shows the number of objects mapped per participant and type. It shows 

that each of the participants (farmers) was able to use the point-mapping function on the app 

as well as the line and polygon functions in order to map the infrastructure of their area.  
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Figure 6-10   Effectiveness: Number of objects mapped per participant 

Figure 6-11 shows my rating of how correctly the attribute information was 

completed by each farmer, that is, how correctly the Name field was used and what was the 

level of detail in the Description field, since the field was meant to describe the named 

feature. The correctness of allocating tags and categories of the mapped features was also 

rated. I was able to check whether the tag allocated to a measured object did in fact relate to 

the object. I was also able to check whether, for example, houses were placed in the Building 

category and power poles in the Electricity category. My question with respect to each farmer 

was, what percentage of the total number of features measured had the Name, Description, 

Category, Tag and Photo fields correctly entered? The results are presented in the “quality of 

attribute data” axis of Figure 6-11. The purpose of this rating was to assess the clarity of the 

app in enabling the user to know how to use the features. This clarity would enable the user 

to collect and classify the information in a manner that would make their location information 
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more usable to others who access the community-based SDI. I devised the categories and tags 

for mobile GIS app based on the list of features of interest collected from the participants 

during the requirements-gathering process as summarised in the table in Appendix D. As can 

be seen from the graph, the overall correctness was around 80 per cent for the whole group of 

participants. It was not possible for me to assess the accuracy of the collected attribute 

information as that can only be done by locals who know their areas well. The procedure for 

such assessment, which should be carried out by the locals, is one of the challenges for 

further research in community-based VGI. 

 

Figure 6-11   Effectiveness: Quality of attribute data 

The other aspect of effectiveness is the measure of the accuracy with which a task is 

completed. Figure 6-12 shows the mapping of a 68-year-old male farmer with a Grade 10 

level of education who was able to observe the consistency of a kink in his farm boundary 

with the information he already knew regarding a boundary dispute. This response 

contributes to building trust in the mobile app, one of the consequences of usability. On the 

other hand the resulting map of his farm enabled him to see its actual trapezium-like shape 

when all along he had thought it was rectangular. He was also able to compare the huge 
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discrepancy between the 25-ha farm size as obtained from tape measurements and the 40-ha 

GPS measurement of the same farm (i.e., the GPS of the smartphone on which the app was 

running). The area of an object cannot be determined directly by tape measurements as other 

steps are required—including identifying the shape of the object—and so it is possible that 

the discrepancy in the two area measurements arose from errors in the empirical calculation. 

The GPS on the phone has the advantage of being a direct measurement. Such information is 

not only useful to the farm owner but also to the agricultural extension officers who support 

the farmers in their farming activities. The farm owners will be clearer about the size and 

extent of their farms for better planning, while the extension officers will be clearer about the 

potential of each farm and proximity to their office and access routes. 

 

Figure 6-12   Example user reflections on mapping outcomes (User ID 15) 
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Figure 6-13 shows the outcome of the part of the experiment I carried out, as 

explained earlier, to assess the level of consistency between different users when each of 

them was mapping the same feature (point, line, and polygon). The point feature was a 

flagpost at a local health post, denoted by purple dots in the figure. The line feature was a 

road leading to the ceremonial grounds from the main road, denoted by green lines on the 

right side of the map (northeast-southwest direction). The polygon feature was a boundary of 

the grounds for traditional ceremonies, marked by red lines. This is a demonstration of one 

way in which the accuracy of a mapping activity can be arrived at in a community-based 

VGI. This can be supplemented by discussions in the community to arrive at a conclusion. 

Taking the example of the ceremonial ground boundary, while there are several depictions of 

the boundary, the highest density of the red lines can be considered as the most likely 

boundary of the grounds. A more rigorous approach to addressing the issue of trust—such as 

the formulaic model developed by Severinsen, de Roiste, Reitsma, and Hartato (2019)—is 

recommended for future VGI projects as this was beyond the scope of this thesis. 



197 
 

 

Figure 6-13   Possible method of adoption of acceptable boundary 

Also related to accuracy is the mapping outcome of two participants, whose mapping 

overlapped, as seen in Figure 6-14. A chat with the two participants revealed that the error 

was not in the functionality of the app but in their perception of their respective boundaries. 

This result was an alert to issues of conflicting mapping which would need to be resolved. An 

appropriate approach to addressing such a huge discrepancy is important in order to avoid 

potential conflict. Such issues could be addressed through “commoning” the community-

based SDI, a subject of Chapter 7. Alternatively, letting a number of other independent 

members of the community carry out the measurements and compare the results as in 

experiment in Figure 6-13 could be a solution. 
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Figure 6-14   Conflicting mapping needing to be resolved 

Another depiction of accuracy issues is reflected in Figure 6-15, which is an overlay 

of spatial data from three of the spatial data producers/providers regarded as key SDI 

stakeholders or authoritative sources (Section 2.2.1), and the VGI data. The figure shows 

discrepancies in the road and river data. The left boundary of the green polygon is the VGI-

mapped main road that passes through Ibenga farm block. The north–south brown and red 

lines are representations of the same road by two different formal producers/providers of 

spatial data in Zambia. Using the satellite image as the basis for comparison, it can be seen 

that the VGI road data is more precise than the red line from the formal data source. The 

accuracy of the mapping of the river, which flows northwest to southeast, was assessed in a 

similar way. The right boundary of the polygon shows the community-based VGI map of the 

river which, on the satellite image, is depicted by the deep green vegetation. The data from 
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another formal producer/provider of spatial data in Zambia depicts the location of the river as 

the black line. As can be seen, the VGI mapped river representation is of about the same 

accuracy as the formal source and is actually better in the middle portion of the figure. This is 

an example of how valuable VGI data can be. At the same time, it shows the ability of the 

mobile GIS app to enable the users to achieve their goal accurately, thus reflecting a high 

level of usability.  

 

Figure 6-15   Comparison of VGI data with “authoritative” data 

This section has considered the various ways in which the app enables the user to 

achieve their goal, with effectiveness—the first usability assessment—measured by 

completeness and accuracy. The section also presented the problem of resolving trust issues 

and suggested possible solutions apart from further research. This demonstrates the potential 

of participatory approaches in smartphone-based VGI in supporting effective participation of 
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the lay members of the hybrid SDI collective in building SDIs. The following section 

proceeds to show the levels of efficiency with which the users were able to use the app to 

achieve the goal set in the prototype-testing/crowdsourcing exercise. 

6.7.2 Efficiency 

Efficiency is defined as the “resources expended in relation to the accuracy and 

completeness with which users achieve their goals” (ISO, 1998, p. 2). The resources 

expended in relation to achieving the goal of capturing spatial data on the infrastructure and 

resources in Ibenga farm block mainly consisted of the cost of mobile data for logging on to 

the app and synchronising data, and the time and effort spent in carrying out the mapping 

activity. 

The cost of data upload and download (synchronising) was dependent on the data 

volume in megabytes (MB) that would move from the app to the spatial database server 

(individual user’s contribution) and from the server (data from other users) to the app on the 

mobile phone of the user. The volume of data collected by each user was recorded from each 

phone at the end of the mapping exercise before and after they pressed the “Synchronize 

data” button. The volume of data per user naturally increased after synchronising since they 

downloaded the data from other contributors in the process. The results shown in Figure 6-16 

indicate that the average volume of data uploaded and downloaded was about 200 MB per 

user. 
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Figure 6-16   Data volume analysis 

There are large differences in the data volumes after sync between the users, which 

can be explained by the fact that the syncing was not carried out at the same time by all the 

participants. From the way the sync was designed to work, the first participants to upload 

their data to the SDI server will have less data available to download in the process. The users 

who upload later will find more data available from the participants who uploaded before 

them.  

In order to get an idea of whether farmers could afford the cost of data for this 

exercise (i.e., the cost of 200 MB), I compared the amount of money they spent on airtime on 

their basic phones prior to the project on a weekly basis with the cost of synchronising the 

data each user collected. The approximate weekly expenditure was collected during the focus 

group discussions.  

Figure 6-17 shows that average expenditure per week was close to K30 (Zambian 

kwacha). The cost of 200 MB, according to the tariffs of MTN (the mobile service provider 
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used) was K28. Assuming that the 200 MB would be collected within a week (which is 

possible if mapping was done daily), the users needed to double their expenditure since they 

were already spending close to K31 (K30) on airtime for texts and voice calls per week 

without the VGI activity. While the sample of 20 is too small to arrive at a reliable cost 

analysis, these calculations help to give an idea of sustainability in community-based VGI in 

Ibenga. Questions that arise are whether further changes are required in the design of the app 

to make it more efficient and the mapping more affordable by the farmers. The offline 

mapping function of the app is an example of addressing the efficiency issue in terms of 

financial resources expended in the course of mapping. Further research is recommended to 

address the challenge of affordability. 

 

Figure 6-17   Users’ weekly expenditure on airtime compared to costs of mobile data 

The measure of time spent for mapping can be determined by the number of days 

taken to measure the features of interest by each farmer. For example, the question to be 

answered is how many days did it take each farmer to measure all the features (points, lines, 

and polygons)? Figure 6-18 gives a picture of the duration of the measurements.  
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Figure 6-18   Number of days where some mapping activity occurred 

The exact number of days used for data capture per user was not easy to determine. 

The data in Figure 6-18 should not be mistaken for output for each farmer while mapping 

during the average eight-hour working day. It was difficult to calculate the number of 

minutes spent capturing each feature, as the start time of the measurement was not recorded 

by the mobile app. It only recorded the date and time the data for each feature was saved. As 

for the effort spent for the mapping activity, this can be estimated by the number of points 

measured, the sum of the lengths measured, and the sum of the areas of the polygons 

measured per farmer. Figure 6-10 in Section 6.7.1 gives a picture of the amount of work each 

farmer did. The measure is also not accurate as it does not capture the distance covered to the 

location of the feature. One possible way of capturing this data could have been by including 

the distance from each farmer’s dwelling house to the first feature measured—a step that was 

not included in the experiment. As this reveals that the aspect of efficiency was not fully 

captured, a more carefully designed experiment is recommended for future research in order 

to improve the usability measure. 

0

2

4

6

8

10

12

14

16

18

20

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

D
at

a 
ca

pt
ur

e 
du

ra
tio

n 
(d

ay
s)

User IDs



204 
 

The next section covers the last usability dimension: that of satisfaction. 

6.7.3 Satisfaction 

Satisfaction is defined as “freedom from discomfort and positive attitudes towards the 

use of the product” (ISO, 1998, p. 2). One measure of positive attitude towards the mobile 

GIS app is eagerness to participate. This was reflected by participants’ contributions to the 

list of features of interest as well as their enthusiasm to collect the data, as reflected in the 

number of features collected by each participant. The review comments recorded during the 

focus groups is another measure of satisfaction by the users of the app.  

When asked to identify some of the benefits the participants saw in the app for the 

community, the farmers’ responses included: 

Challenges will be that we will be on very high demand and will have 

little time to ourselves… We just have to be ready for the huge tasks 

ahead. The chieftainess will constantly be calling on us to assist her 

counsellors to resolve boundary disputes… It is so good that we can 

now do our own mapping instead of waiting for others to do it for us. 

We are so happy that we have learnt how to do our own mapping… 

With the app I can easily show someone what features are in specific 

locations in the community… You have brought us who are in the 

rural area a technology that is only taught in the university. (Male, 55 

years) 

The community will have the benefit of having us to help them out 

once this project grows… We will be consultants to the rest… The 

community is already attracted by what they are seeing us do with the 

app. (Male, 46 years) 
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What I mean is that now that we have mastered the basics, it will be 

very easy for us to map our fields on our own, and so we will be able 

to know the size of our fields. (Male, 48 years) 

You can even assign a person the task to follow up a farmer in a 

village they have never been before. (Male, 63 years) 

If for example someone asked me the location of Chisapa clinic, it is 

not easy to begin the narration of the turns that must be made and 

rivers that have to be crossed and all the landmarks. While some 

might have a good memory as to follow the narration, others do not. 

You can barely begin the narration and before you go far, they are 

already lost… (Male, 49 years) 

App experience helps to understand the surveying professions; I am 

now a surveyor. I can do my own mapping. (Male, 45 years) 

These comments demonstrated a positive attitude towards the app and the location 

information it records. As can be seen, the participants were ready to serve the community 

with their newly acquired skills. They also looked forward to independently measuring their 

own fields. The fact that they felt they were receiving the much-aspired-to university-level 

technology transfer (as alluded to in the first quote of this section) is an indication of 

satisfaction with the prototype. They were also very happy to discover that with a readily 

available map one could travel to places they had never been to and that the problem of 

having to give complex verbal directions could be solved. It is worth mentioning that there is 

a possibility that the participants could also have had extrinsic motivations to use the app 

such as a hope that the smartphones would be given to them at the end of the project. If this 

were the case, this would be close to a motivation Nama Raj  Budhathoki (2010) terms 
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“monetary return”. Such a possibility was not explored in this research partly because the 

participants were not informed that they would have to keep the phones until much later into 

the project. 

Furthermore, when asked what they thought about the possibility of data vandals in 

the community adding attributes on features mapped that did not actually exist, their 

responses were: 

How can he map what does not exist? This person wants to spoil the 

map… We would take this person aside and explain to him the value 

of the map. (Male, 55 years) 

Crop- or field-scouting principle used in farming should be applied to 

the app to monitor or inspect our map from time to time. (Male, 68 

years) 

They were already finding local solutions to anticipated problems, thus signalling 

hope of sustainability of the location information resource—the digital-knowledge commons. 

Some of the comments regarding the learning process indicated that the users were 

finding it increasingly easier to use the app, as seen below: 

Then the other experience is that the mapping exercise and operation 

of the phone has become a lot simpler than when we first began. 

When we started it seemed very difficult. But as we progressed with 

the lessons it has become very easy. One can confidently do the 

mapping and come up with tangible results. (Male, 49 years) 

At first I had struggles with saving that data, but now it is porridge! 

(Female, 53 years)  
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The application was well received not only by the users but also by the community in 

which the users were capturing data. Below are some of comments from the focus groups 

regarding community response: 

The other beauty about the whole thing is that the community in 

which we are working is gladly accepting the technology. When they 

see us mapping, they come over to inquire what we are doing. We 

invite them to come over and observe and we explain the benefits of 

the app. And, indeed, the measurement process has become a lot 

easier with time. And we can see that the more we use the app, the 

easier it will become. (Female, 53 years)  

The participant went on to share a conversation she had had with community 

members: 

Have you seen the catchment area of Ibenga? Have you seen where 

we are? So what we want is to map all the missing features and 

populate or create the map of Ibenga. Wouldn’t you be happy to have 

a map of Ibenga? And they would say, “Yes, we would! This is a 

good idea.” (Female, 53) 

The additional positive feedback from the community was a helpful indicator of the 

sustainability of a prospective digital location information resource in the community. Some 

of the key areas of dissatisfaction had to do with the inability of the app to switch 

measurement mode from, say, polygon to point without first closing polygon mode. What the 

users required was a function that would enable them to pause one mode and switch to 

another and then return to the earlier one later. They realised this need while measuring the 

western half of the Ibenga farm block, which had a perimeter of about 44 km. During this 
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process they would notice an important point feature on or near the boundary, such as a water 

well, but could not measure it since the app required them to first complete the polygon loop 

by returning the starting point, which was in this case many kilometres away. The users saw 

that it would be more efficient if there was a function that would enable them to pause the 

polygon measurement and switch mode to measure the water well (which is a point feature) 

and then continue measuring the boundary (a polygon feature). They got around this problem 

by using two mobile phones, one set on point mode and the other on polygon mode. This 

additional example of the use of their own initiative to solve problems that arose is certainly a 

positive attitude.  

As for areas for improvement, a 53-year-old female participant said: 

As for me, I would be happy if the application could show me the 

number of hectares that my farm has once I have measured my 

farm… It is important that after completing the measurement of your 

field, the app displays the area of the field so that you can show the 

person who you have hired to till your land how big the field is. 

The need for such an area feature was also requested by another participant. 

6.8 Discussion and conclusion 

The usability testing of the community-based SDI’s mobile app prototype revealed 

that the participants of the rural community of Ibenga can accomplish their goal of mapping 

the community infrastructure and other resources with reasonable levels of effectiveness, 

efficiency, and satisfaction. These were demonstrated by means of data collection, the output 

maps, and the enthusiasm expressed. In completing the prototype testing process, the concept 

of community-based VGI has largely been successfully demonstrated by the community of 

smallholder farmers. Some of the aspects of usability evaluation that could be improved in 
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future research had to do with the effectiveness dimension—particularly accuracy—and 

efficiency which were not fully measured. 

Despite having low levels of education and no experience with smartphones, the 

participants were able not only to use these smartphones after only a few days of training but 

also, most importantly, to produce spatial data, rich with attribute information and photos— 

which has never existed in their community—as a digital-knowledge commons. The spatial 

data collected has potential for supporting the smallholder farming community with decision-

making in their farming business and resource management to improve the wellbeing of the 

community. Laypeople can make significant contributions to SDI development enhanced by 

participatory approaches in VGI collection using smartphones with an appropriate data 

collection app. The lessons learnt in the Zambian context can be adopted and applied to other 

parts of the Global South with similar resource constraints. 

The next chapter focuses on the resource management approach that can be used to 

run the community-based SDI in a self-sustaining manner. 
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7 COMMONING AND CARING FOR THE COMMUNITY-BASED SDI 

7.1 Introduction 

The SDI digital-knowledge commons that the hybrid SDI collective is assembled to 

build will eventually need care and maintenance—both the back end and the front end. As 

mentioned in Chapter 4, the back end refers to the installation and set-up of the SDI software 

stack while the front end refers to the desktop GIS and the mobile GIS app. Sections 3.4 and 

3.5 proposed commoning, not only as a means of bringing the SDI into being but also as a 

way of caring for and maintaining it. But how prepared is the collective to perform the care 

and maintenance? Clearly the back end would mostly be in the hands of professional 

members of the collective (plus a few GIS self-starters) while the front end would largely be 

handled by the lay members of the collective—the “produsers” of the VGI data that forms a 

key part of the community-based SDI. In this chapter I argue that there is sufficient evidence 

that both the professionals and laypeople are capable of managing the SDI as a commons. I 

answer the question: “How equipped is the hybrid SDI collective to manage the community-

based SDI as a commons?” 

Since the hybridity of the collective is partly concerned with the co-production of 

knowledge by laypeople and the professionals, I examine the potential of both types of 

members in the following two sections. In Section 7.2 I present evidence from the commons 

in literature, mainly showing the potential of the professionals to manage the back end of the 

SDI as a commons. I have already shown in Chapter 2 that cultural norms for managing 

common resources are well established in Ibenga community—the laypeople of the hybrid 

SDI collective. With this background, in Section 7.3, I provide clearer evidence of commons 

in this grassroots community of smallholder farmers in rural Zambia pointing to their 
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potential to manage the front end of the SDI as a commons based on their experience with 

handling resources in their communities as commons. 

7.2 Method 1: Examining commons and “commoning” in the literature 

The proposal of the community-based SDI includes soliciting the volunteer support of 

an academic institution, during the gathering stage of the hybrid SDI collective, to host the 

server side of the bottom-up SDI. It is on the servers of such an institution that GIScience and 

ICT professionals could install the GeoNode SDI software stack to handle data storage and 

management, the metadata cataloguing of the datasets, and the publishing of this data over 

the Web. They could set up the SDI for access via its geoportal by anybody who needs spatial 

data for decision-making in regional and national development. During my second field trip I 

shared my project with the Copperbelt University—a possible volunteer academic institution 

for the hybrid SDI collective—who expressed interest in supporting the project through the 

postgraduate research office, the School of ICT, and the Directorate of ICT that manages the 

university servers. The outworking of this support, however, would require further 

assessment, especially as far as ongoing costs are concerned. 

As shown in Chapter 3, commons are not just a resource on their own but paradigms 

that combine a distinct community with a set of social practices, values, and norms that are 

used to manage a resource. This concept has been further clarified by Linebaugh (2008, p. 

279) in reference to biophysical commons as follows: 

To speak of the commons as if it were a natural resource is 

misleading at best and dangerous at worst—the commons is an 

activity and, if anything, it expresses relationships in society that are 

inseparable from relations to nature. It might be better to keep the 

word as a verb, an activity, rather than as a noun, a substantive.  
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Commons and “commoning” then go beyond the resource to include relationships 

established around the resource. The characteristics of commoning are seen in the free and 

open source software movement, whose hacker culture is a sign of community. Within this 

movement there are many software projects around which ideas and code are shared 

according to the rules outlined in the GNU GPL licence, which can be likened to social 

practices, values, and norms. We can see here a community (open source software 

developers), a resource (open source software), and values and norms (GNU, 2016) revealing 

a commons among professionals. This provides an example to learn from as far as managing 

the back end of the community-based SDI is concerned. Values and norms could 

progressively be developed by the professionals that handle the SDI software stack and the 

technical aspects of the front end of the SDI. These norms could be integrated with those of 

the grassroots members of the hybrid SDI collective to come up with a hybrid set for the 

entire collective that cares for the SDI digital-knowledge commons. 

The open educational resources movement is another self-managed community (not 

controlled by the government) from which lessons could be drawn for managing the SDI 

back end. There is a culture of promoting free access to learning resources that actually 

encourage the use of open source software for accessing these resources. The members of 

open educational resources movement have adopted rules that work for them, such as the 

Creative Commons licence, to help them best manage the educational commons.  

Actually, the Creative Commons “was intended as a grass-roots movement of 

creators, otherwise known as copyright owners, who would look at this default of ‘all rights 

reserved’ and say ‘I don’t need all rights’, the most they need is some rights” (Geere, 2011). 

They felt that the default position of the copyright law gave them more rights than they 

needed, leaving them with no opportunity to surrender some rights for the benefit of others 

and to encourage further innovation. They were actually partly inspired by the Free Software 



214 
 

Foundation and their GNU GPL licence (Geere, 2011). This licence is also designed to give 

authors the option of offering the public the freedom to use their works under less restrictive 

terms. The Creative Commons (CC) community provides further evidence of a self-governed 

collection of people which has developed a licencing system that has been widely accepted 

worldwide such that within 15 years of its establishment (2016) there were 1.2 billion CC-

licenced works, ranging from educational resources, research, and music to video and 

photography (Creative Commons, 2016). Just as the CC community drew inspiration from 

the Free Software Foundation, the members of the hybrid SDI collective responsible for the 

back end could learn from these communities that have demonstrated that commoners can 

indeed develop solutions without “oversight of centralised institutions or government” 

(Bollier, 2014). 

In view of the fact that the main target beneficiaries of the community-based SDI are 

the grassroots community and that their role in the hybrid SDI collective would be to manage 

the front end of the SDI, I turn my focus on an example of such a community—the 

smallholder farming community of Ibenga in rural Zambia. 

7.3 Method 2: Examining existing shared resources in the Ibenga farming 

community 

Most smallholder farmers do not have any experience in managing the technological 

set-up that has been designed and partly built thus far in this thesis. They have no experience 

managing the digital data that the set-up is designed to hold for access by end users. How can 

this grassroots community, ill-equipped with technological know-how, self-manage the front 

end of the community-based SDI? Without a reliable model for managing this new 

technology that enables the collection and storage of local knowledge there is a risk of 

sustainability failure and loss of opportunity to benefit from the SDI once it is up and 
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running. This section reviews the concept of the commons for use in addressing the possible 

self-management challenges of the technological resource ahead of the rural farmers. 

The experience gained from the prototyping and PGIS/VGI data collection fieldwork 

covered in the previous chapter gives an indication that the commons approach is a possible 

governance option. Part of the motivation for considering this approach is that the 

management of some of the existing resources in the community, as shown in Chapter 2, such 

as schools, the trading centre market, and public water hand pumps, manifested 

characteristics of commons. The context and outcomes of these participatory VGI activities 

while the Ibenga smallholder farmers used the mobile GIS app will be used to review the 

commons idea for a self-managed front end of the SDI. 

Developers and scholars of formal SDIs acknowledge the vital place of institutional 

arrangements and policy guidelines for successful implementation (Craglia, 2015; de Man, 

2011; GDI, 2004; Steiniger & Hunter, 2012). Moreover, the inclusion of institutional 

arrangements/policy among the five key SDI components (people, technology, policy, 

standards, and data) implies the importance of this non-technological aspect of SDI 

development for sustainability. Just as a formal SDI has institutional arrangements to guide 

the process of collection, access to, and sharing of spatial data, the informal SDI also needs a 

model to support the process. 

The existence of cultural norms for common resource management in the Ibenga 

smallholder farming community, as shown in Chapter 2 (Section 2.3.5), raises the hope of the 

creation of a new commons within the community: the community-based SDI. I noticed signs 

of commons and commoning in the community during my one-on-one interviews with 

members of the Ibenga farming community in 2015 and focus group interviews in 2017. 

There certainly were resources in Ibenga, and in each instance there were not independent 
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resources but resources + a community + a set of social protocols to help deal with social 

dilemmas typical of the use of shared resources in a community. The information collected 

during the interviews regarding the shared resources and how they were managed showed 

that the community was actually equipped with experience in managing shared resources. 

This experience can therefore be used as a stepping stone for creating a new commons around 

the technological resource for spatial data collection and management (the mobile GIS app), 

which is the face or visible aspect of the community-based SDI. It is possible that this 

resource could then contribute to the sustenance of the farming business of the community 

and improve the management of the other shared resources in the community for the better 

economic and social wellbeing of the smallholder farmers. 

Gibson-Graham et al. (2013) have developed a framework that can help to explore 

whether activities in a community involve the use of a commons. This framework, which 

they refer to as the Commons Identi-kit (see Table 7-1), involves exploring community 

resources or properties with respect to access, use, benefit, care, responsibility, and type of 

the resource. It is actually this Identi-kit that was modified to come up with the Ways of 

Commoning tool presented and discussed in Chapter 3 (Section 3.4.2). The Commons Identi-

kit presents the characteristics of a commons. 

Table 7-1   Commons Identi-kit (Gibson-Graham et al., 2013) 

Commons Identi-kit 

Access Use Benefits Care Responsibility Property 
[Ownership] 

Shared and 
wide 

Negotiated 
by a 
community 

Widely 
distributed to 
community (and 
beyond) 

Performed 
by 
community 
members 

Assumed by 
community 
members 

Any form of 
ownership 
(private, state, 
or open access). 
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As discussed in Chapter 3, commons are presented as the middle ground in handling 

resources between two extremes as far as access to, use of, benefit from, and care and 

responsibility for the resource are concerned (Gibson-Graham et al., 2013). At one extreme, 

access is narrow while at the other it is unrestricted. Use is restricted by the owner at one 

extreme while at the other it is unregulated. When it comes to benefit, at one end it is private 

while at the other anyone who finds the resource is free to benefit from it and possibly 

assume ownership. As far as care for the resource is concerned, at one end it is performed by 

the owner (private or state) while at the other there is nobody who cares for it. And finally, at 

one extreme the owner of the resource is responsible for it, while at the other no one is liable 

or accountable for it. If, therefore, as Table 7-1 presents, (a) access to the property or resource 

is shared and wide, and (b) the use of the property is negotiated by the community, and (c) 

benefits from the resource are widely distributed, and (d) care and (e) responsibility are in the 

hands of the community, then that resource is a commons (Gibson-Graham et al., 2013). 

As shown in Chapter 2, in the Ibenga smallholder community resources are often 

managed in communal ways. If we return to these resources and consider them methodically 

using Gibson-Graham et al.’s (2013) characterisation of commons, we can see that many of 

these resources and properties are indeed commoned. 

Roads and bridges are among the resources in the community. Access to this 

infrastructure is not restricted but widely shared by the community members. While there was 

no evidence of rules of use for this infrastructure, my observation was that there was no 

restriction of use—although since some of this infrastructure was built by the community, 

they would most likely raise concerns over, say, an overloaded truck trying to cross a bridge 

not designed to withstand that kind of weight. All community members freely enjoyed the 

benefits of these resources as they provided a means to, say, receiving farming inputs that 

came by truck. The benefit of these resources is extended to visitors and businesses that were 
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not members of the community, showing that this benefit is widely distributed. The 

community has a culture of care and maintenance of the infrastructure. In some cases the 

local authority supplies circular culverts for bridges across community roads, with the actual 

construction and later care taken over by the locals. 

There is evidence of commoning of forests since access to them is shared and wide, 

with community members free to enter and exploit them, though subject to constraints 

negotiated by the community and through the traditional establishment. For example the 

community members are only allowed to use the wood for family needs and not for sale. The 

other aspect of commoning seen with respect to forests is the care and responsibility assumed 

by the community, led by village headmen who reprimand the members when they produce 

charcoal for sale rather than for home consumption. Another indication of commoning is the 

benefit of the forest being widely distributed in the community due to the forests’ protection 

of their fields against soil erosion and the rain catchment the forests create and sustain. 

Community schools are another shared resource in the community which shows 

evidence of commoning. For example, access is shared and wide because the schools were 

started for children in the community who could not access government schools due to 

distance. By virtue of the schools having been built through community initiative, their use is 

negotiated by the community—a characteristic of commons. Again by virtue of the schools 

being a community initiative, their benefits are widely distributed within the community (one 

cannot say “and beyond” unless the schools are boarding schools that might cater for 

outsiders as well). Care is performed by the community, and the community is responsible for 

it as the creator of the resource. 

The vegetable market also shows signs of commoning government property as it was 

built by the state and yet is run by the community. The running of the market by the 
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community using rules it has established for all intents and purposes means it has assumed 

responsibility for the market, which is another characteristic of commoning. The trading 

centre which is in the vicinity of the vegetable market consists of shops built by individuals, 

and yet it is the community that has set up the rules of use of the premises and the care for the 

infrastructure, which are indications of commoning. As seen in Chapter 2, one of the major 

issues the community agreed upon was the high standards of hygiene that every community 

member as well as visitors are required to maintain. All community members freely access 

the trading centre, showing that access is shared and wide as it does not belong to a private 

individual. The nature of access to the area is another clear characteristic of commons in the 

community. Benefit is widely distributed around the community members, who buy and sell 

goods. Transit buses also enjoy the benefits when they stop over. Outsiders seize the 

opportunity of bringing their produce to sell and also buy farm produce from the community, 

showing further signs of commoning. 

The traditional ceremony arena is open to the general public—locals and visitors, 

including tourists. It is mainly used for the annual ceremony celebrating the establishment of 

the chiefdom. The community is responsible for the care and maintenance of the arena, and 

this is led by palace officials. Both the locals and outsiders enjoy the benefits of the arena 

when the annual event occurs. These are signs of already-existing commons. 

The handling of boreholes and water pumps in the smallholder community also 

revealed signs of commoning. UNICEF initiated a water and sanitation project in the 

community involving the sinking of boreholes and installation of water pumps, and at some 

stage, these resources were taken over by the community, who established rules of use 

including giving the pumps a break. The community also decided on issues of access, care, 

and maintenance; for example, it was agreed that community members would make financial 

contributions for buying spare parts.  
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Farmers’ co-operative centres, which were established by the farmers with the support 

of the state, are another example of commons in Ibenga community. While the state, through 

the Ministry of Agriculture and Co-operatives, provides oversight with respect to ensuring 

provision of extension services and support through subsidised farming inputs, it leaves the 

community to establish their own rules with respect to business innovation and skills training 

in areas other than farming (e.g., tailoring and bricklaying). Community members are free to 

access and join the co-operatives. Some co-operatives develop short courses with the support 

of NGOs—as was the case with the organic farming course—in which the community is free 

to enrol. 

The analysis of commons in the Ibenga smallholder community is summarised in 

Table 7-2. As we have seen these resources are commons even though they may not have 

recognised them as such. From these examples, the handling of water pumps and the 

vegetable market shows signs of commoning—turning resources that were initiated by a UN 

agency and by the state respectively into commons. 

What this means is that community members are already experienced in commons 

management, and may be able to apply the same principles to caring for the front end of the 

SDI. Below is a selection of statements from focus group discussions that show the capacity 

of the community members to adjust to new technology around which they can apply the 

commons and commoning experience described above: 

The mapping exercise and operation of the phone has become a lot 

simpler than when we first began… When we started it seemed very 

difficult. But as we progressed with the lessons it has become very 

easy. One can confidently do the mapping and come up with tangible 
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results… Now we have become familiar with the operations of this 

phone. (Male, 49, schooled to Grade 12) 

We are now able to make maps on our own… The challenges faced 

are mainly due to the fact that we are dealing with something new. 

We will master it with time. (Male, 45, schooled to Grade 12) 

At the start we never imagined that we would be able to master the 

operations of the app… With time we started gaining experience and 

were motivated by those who had already become confident in the 

group. Now I can confidently do my own mapping… With the app I 

can easily show someone what features are in specific locations in the 

community. (Male, 55, schooled to Grade 10) 

Thanks for being so patient with us until we learnt. Some of us never 

imagined that we would ever be able to use this phone. (Female, 55, 

schooled to Grade 7) 

Just to add on that. The other beauty about the whole thing is that the 

community in which we are working is gladly accepting the 

technology. When they see us mapping, they come over to inquire 

about what we are doing. We invite them to come over and observe 

and we explain the benefits of the app. And, indeed, the measurement 

process has become a lot easier with time. And we can see that the 

more we use the app the easier it will become. (Female, 53, schooled 

to Grade 9) 
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This feedback from participants with such a relatively low level of education and no 

previous smartphone experience demonstrates their potential to manage the front end of the 

SDI as a commons. The last comment above shows that the interest in the app and the 

location information produced through it went beyond the research participants to the rest of 

the community. As mentioned in Chapter 2 the chieftainess of the area also expressed her 

interest when I paid her a courtesy call, saying she was keen on the project when I explained 

it to her. The interest and sense of community was also evidenced when a concern was raised 

by one of the participants over the challenge of covering long distances in the mapping 

activities. When I asked them what they thought could help address the concern, some 

suggested soliciting support in the form of a donation of bicycles from outside the 

community, but others thought a local solution was also possible, whereby bicycles could be 

borrowed from community members when mapping large areas. They were confident that 

this could work out, as seen from the comment of a 53-year-old female participant, who said, 

“What we are sure of is being lent the bicycles, because this is already happening. We have 

already borrowed the motorbike for mapping the Ibenga farm block.” 

These signs of acceptance by the rest of community indicate that the Ibenga 

smallholder farming community could participate in the commoning of the front end of the 

community-based SDI if it were to be implemented among all the smallholder farmers. They 

could use the commoning experience demonstrated in their handling of some of the shared 

resources such as the water pumps, vegetable market, and roads and bridges in their 

community. 
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Table 7-2   Commons Identi-kit for Ibenga Community  (based on Gibson-Graham et al., 2013) 

Commons Identi-kit for Ibenga Community 
  Access Use Benefits Care Responsibility Ownership 

Bridges & roads 

Community 
members, 
government 
(agriculture, 
community 
development, 
local 
government), 
NGOs, visitors, 
transporters, 
buyers and 
sellers. 

Community 
members, local 
government 
(for feeder 
roads and 
footpaths), 
central 
government 
(for main 
roads).  

Community 
members, 
government 
(agriculture, 
community 
development, 
local 
government), 
NGOs, visitors, 
transporters, 
buyers and 
sellers. 

Community 
members, local 
government. 

Community 
leaders, Local 
government. 

Community/state-
owned. 

Forest Community 
members. 

Community 
members. 

Community 
members. 

Community 
members and 
local 
government, 
but not very 
effectively. 

Community 
leaders, local 
government. 

Community/state-
owned. 

Community schools 

Teachers, 
children, 
parents, 
guardians, 
community 
members. 

Teachers, 
children, 
parents, 
guardians, 
community 
members. 

Teachers, 
children, 
parents, 
guardians, 
community 
members. 

Teachers, 
children, 
parents, 
guardians, 
community 
members. 

Head teacher, 
community 
leaders. 

Community/state-
owned. 
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Commons Identi-kit for Ibenga Community 
  Access Use Benefits Care Responsibility Ownership 

Government schools 

Teachers, 
children, 
parents, 
guardians, 
community 
members. 

Teachers, 
children, 
parents, 
guardians, 
community 
members. 

Teachers, 
children, 
parents, 
guardians, 
community 
members. 

Teachers, 
children, 
parents, 
guardians, 
community 
members, 
Ministry of 
Education. 

Head teacher, 
government. State-owned. 

Market and trading 
centre 

Community 
members, 
government 
(agriculture, 
community 
development, 
local 
government), 
NGOs, visitors, 
transporters, 
buyers and 
sellers. 

Community 
members, 
government 
(agriculture, 
community 
development, 
local 
government), 
NGOs, visitors, 
transporters, 
buyers and 
sellers. 

Community 
members, 
government 
(agriculture, 
community 
development, 
local 
government), 
NGOs, visitors, 
transporters, 
buyers and 
sellers. 

Community 
members, local 
government. 

Market and 
trading centre 
committee, local 
government. 

Community/state-
owned. 

Traditional 
ceremonial arena 

Community 
members. 

Community 
members. 

Community 
members, 
tourism 
ministry. 

Community 
members. 

Community 
leaders. 

Community-
owned. 

Borehole water 
pump 

Community 
members. 

Community 
members. 

Community 
members. 

Community 
members. 

Borehole 
committee. 

Community-
owned (gifted by 
UNICEF). 
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Commons Identi-kit for Ibenga Community 
  Access Use Benefits Care Responsibility Ownership 

Co-operative centre 

Community 
members, 
government 
(agriculture, 
community 
development, 
local 
government), 
NGOs, visitors, 
transporters, 
buyers and 
sellers. 

Community 
members, 
government 
(agriculture, 
community 
development, 
local 
government), 
NGOs, visitors, 
transporters, 
buyers and 
sellers. 

Community 
members, 
government 
(agriculture, 
community 
development, 
local 
government), 
NGOs, visitors, 
transporters, 
buyers and 
sellers. 

Community 
members. 

Co-operative 
members. 

Co-operative 
members. 
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The information gathered about the community and its resources exhibits processes of 

“joint action, of creating things together, of cooperating to meet shared goals”, which Bollier 

and Helfrich (2015, p. 18) describe as commoning. This is an indication that the community 

is already equipped with principles for managing commons, both created and existing. These 

principles can either be directly applied to the community-based SDI’s mobile app and the 

resulting spatial dataset, or modified to suit this new type of commons in the community.  

Having been brought this far by the Ibenga farming community, what would the 

commoning of the entire community-based SDI look like? The following section proposes 

how the SDI digital-knowledge resource can be commoned, not just by the Ibenga 

smallholder farming community or the GIScience professionals of the participating academic 

institution but by the hybrid SDI collective as a whole. 

7.4 Commoning the community-based SDI 

As discussed in Chapter 3, the community that began commoning the SDI in this 

thesis reaches beyond Ibenga: it is an assemblage extending internationally—the hybrid 

collective gathered around the commons emerging in the SDI, for “[w]ithout a commons, 

there is no community; without a community, there is no commons” (Gudeman, 2001, p. 27). 

While Ibenga as a community is defined partly by what is shared in common, as outlined in 

Table 7-2, the hybrid SDI collective as a whole is a community defined by what this section 

seeks to show it shares (or could share) in common. It is worth highlighting here that as far as 

commoning is concerned, our focus is on the human members of the collective, while at the 

same time keeping in mind that their participation in the collective is enabled by the non-

human participants in the network. 

Modifying the Commons Identi-kit to a Ways of Commoning tool not only helps 

identify opportunities for commoning, whether it be by maintaining existing commons or by 
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also providing a means of improving their management as well as building new ones. 

Considering the community of professionals (GIScience and ICT) and laypeople (Ibenga 

farmers) that has begun to be built around the prototype community-based SDI with its 

mobile GIS app and resulting dataset, the Ways of Commoning tool was used as a guide for 

shaping this new community resource into a commons. It was also used to draw upon the rich 

principles of commons for its management and sustainability in facilitating the exchange, 

sharing, accessibility, and use of spatial data in the Ibenga community.  

As mentioned earlier the community-based SDI consists of the two main segments: 

the front end, which includes the Web portal (for desktop access), and the data collection 

mobile app, and the resulting digital dataset; and the back end, which consists of the servers 

on which the data storage, cataloguing, and publishing software package stack is installed. As 

explained earlier, the Web portal meant for viewing and accessing location information by the 

general public could also be a means of enlisting new members to the hybrid SDI collective. 

The additions could include NGOs, government agencies, and individuals that have spatial 

data sets to contribute to the SDI or that might use the SDI platform to create data sets by 

screen digitising (using QGIS, the recommended desktop GIS software), particularly for the 

neglected rural areas. The mobile GIS app could mainly be for the “produsers” of location 

information, that is, grassroots community members in rural areas. As mentioned earlier, the 

back end (GeoNode software stack) could be handled by the GIScience and ICT professionals 

at the academic institution participating in the hybrid SDI collective. This community 

gathered around the SDI will therefore provide the basis for the commoning analysis of the 

community-based SDI. 

In the following paragraphs I carry out a commoning analysis of the community-based 

SDI based on Gibson-Graham et al.’s (2013) six characteristics of a commons, which are 
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access, use, benefit, care, responsibility, and ownership, summarised in Table 7-3 at the end 

of the analysis. 

Access: The users of the community-based SDI could have access to it for 

contribution and viewing through the mobile GIS app for grassroots communities and the 

Web portal (using their respective desktops) for GIS self-starters, NGOs, government 

agencies, and other spatial data producers and providers who might later join the hybrid SDI 

collective. The grassroots communities can take advantage of the prevalence of Android 

phones to share this access through the Google Play store for free download of the mobile 

GIS app, and map viewing.  

In terms of the kind of information that the local community was ready to expose 

about themselves, there were mixed feelings. While they generally had no problem with the 

location of their farms being widely accessible, they were not agreed on whether their 

respective farm produce should also be included. Below are some of the comments made 

during the focus group discussions: 

The disadvantage that would be there is that of security. There would 

not be security in terms of thieves. Publishing the number of bags 

would expose the farmer to thieves who want to steal the produce. 

The thieves would now be equipped with the location of the farmer 

and easily find him and attack. (Male, 48, schooled to Grade 12) 

Some details that would not be good to appear on the map are the 

exact details of the kind of house, and the exact number of chickens 

or the number of heads of cattle or goats. (Female, 53, schooled to 

Grade 9) 
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I think mapping is good to farming activities since we are marketing 

our produce. Because if we are not marketing our produce on the 

map we will not have a good market. This is because there are 

customers that come from afar, bringing good business to our area. 

Locally we do not get good market—we depend on customers from 

outside… What I can say about security is that what we need to 

display is that such and such a farmer has so many bags of such and 

such a crop and he is found in such and such a place. And so those 

who need say bags of soya beans will see and say, “So there are soya 

beans in such and such a place? Let us go and buy.” Unfortunately 

even thieves also get the information for evil motives. So what we 

can see is that there are advantages and disadvantages of displaying 

information on the maps… Even supermarkets display their 

products. But even women with babies wrapped up on their backs 

pick things from the shelves and throw them in the baby wrappers on 

their backs. Sometimes these women get caught. (Male, 53, schooled 

to Grade 9) 

In the last comment above the participant implied that the exposure risk that the map 

would present is similar to the risk in supermarkets in towns, where women are known to 

steal by picking displayed products from the shelves and hiding them in baby carriers. As 

these comments border on issues of privacy, the matter of the level of detail to make 

accessible would need further discussion by the locals in consultation with the full hybrid SDI 

collective. Another solution is that members need to “join” the map commons (front end 

mappers) for this information, by being introduced by another member for example, or 

demonstrating a legitimate business reason for wanting to join. 
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Use: The hybrid collective—the community gathering around the SDI digital-

knowledge resource—could negotiate who uses the mobile app on two levels: for viewing 

and for contributing. Viewing can be free for all but permission to contribute could be 

controlled by the community as a measure for guarding against vandals and for follow-ups in 

case of mapping inconsistencies. The grassroots participants could take the lead in the 

administration of this aspect of the SDI. The GIScience and ICT professionals at the 

participating academic institution could take the lead in negotiating the use of the Web portal 

and data access and contribution protocols. 

Benefit: The spatial data collected could be available for viewing both by mobile app 

and Web portal for anybody who has access to Internet connectivity and a mobile phone, 

tablet, or computer. They can use the data collected through the app for free, under the 

Creative Commons licence by attribution. Data contributed by other providers and producers 

(prospective members of the hybrid SDI collective), such as satellite images and LiDAR, 

could also be downloadable under the Creative Commons licence by attribution. In the 

following paragraphs, I provide examples of the actual benefits that members of the hybrid 

collective could enjoy from the SDI digital-knowledge resource being commoned. 

Some of the benefits of the SDI to the local community noted by the participants 

included ease of location of community members participating in farming projects that 

required monitoring, enhanced support from government agencies in farming and community 

development, resolving boundary disputes, hazard alerts, and routing for suppliers of farming 

inputs, buyers of produce, and visitors to the community. They also felt that the SDI’s app 

could help with mapping and recording their cultural heritage. 

Concerning the ability of the SDI to enhance support from government agencies, next 

are some of the comments obtained from focus group discussions: 
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[T]here was a gentleman working with the Ministry of Community 

Development who said they too were thinking of mapping the areas in 

which they are working. (male, 48, schooled to Grade 12) 

This comment indicates a potential government agent—already in need of location 

information—to enlist in the hybrid collective. 

You may find a mountain thinking nobody can stay near a mountain, 

but you might find that just under the mountain, there are people 

staying there” (male, 63, schooled to Grade 12). This was with 

reference to some of the households that settled in remote areas that 

might be omitted by the Statistics Office during the census and 

consequently left out of government support. 

And even developmental issues, the government can know very well 

that in this area, people are lacking, for example, boreholes. Or in this 

place people are lacking ABC. This will help the government identify 

different needs of people. The government will know the needs if the 

features we are capturing come on the map. They will be able to see 

that for example Mulilantambo has no health facility. They do not 

have the boreholes. The map will even help the area councillors to 

report to government the needs of people. They will be able to point at 

the map and say ‘such and such a place that we went to had no 

borehole’, ‘such and such a place had no passable road’, ‘such and 

such a place had no bridge’. This river floods during January and 

December and this problem cuts off the children from going to school 
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as they cannot cross the flooded river. (male, 49, schooled to Grade 

12) 

Referring to the benefits of the mapping app of the SDI on the community, a 44-year-

old male, schooled to Grade 12, said that these included “mapping features relevant and 

important to the community which government might not be aware of or have forgotten.  

One other benefit of the SDI cited was for support for the outgrower scheme, in which 

the co-operative supplied bean seed to farmers who were required to pay back double the 

amount of seed supplied. The location of the field of the applicant to the scheme was 

important for processing and subsequent monitoring. See the comments below: 

For example, just here at Tumobeshe, we have an agricultural related 

project where we are giving bean seed to people. If someone said ‘I 

live in Mulilantambo at Mupenda’, now I have heard about Mupenda 

but I do not know where it is. How can we give the bean seed to a 

person yet we do not know where he stays? But if we have a map or 

have even printed it, we can easily locate the village where the farmer 

stays and also correct any misconceptions of the location of the village 

that we had in our mind. Without knowledge of locations you might 

be hesitant to give seed to farmers thinking they live very far, and yet 

their village is within easy reach. If you know that the village is near, 

you gain the confidence to give the farmer seed assured that they are 

within monitoring reach. (Male, 63, schooled to Grade 12) 

The participants also felt that the SDI’s app could contribute to helping the local 

community resolve boundary disputes. For example, a 48-year-old male participant, schooled 

to Grade 12, felt that the app could be used for doing one’s own mapping and that printing the 
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map could provide evidence of agreed boundaries. He added that the app can help to take 

photos of landmarks for future use in boundary dispute resolution and that this information 

could help a new chief mediate in such disputes. Another male of 55 years, schooled to Grade 

10, agreed with him, adding that the created knowledge could help future generations know 

where the boundaries were. A contribution on the boundary disputes from a 45-year-old male 

schooled to Grade 12 was that the created maps, including the pictures taken, could be put on 

CDs for future generations. He added that “even when I am dead, my children can bring out 

the CD as evidence to resolve boundary disputes.” These ideas were worthy of consideration, 

especially with the ability for photos to be geotagged within the app, thus fixing the location 

where the photo was taken. 

A 58-year-old female, schooled to Grade 7, who felt that the SDI’s app could be used 

for hazard alerts said, “For example if I set to go to a place and have not looked at any map, 

in the rainy season when rivers in our area flood, if the map can show you that the bridge has 

been washed away you can use a different route. This is one example of the benefits of the 

map.” 

Routing for transporters and visitors to the Ibenga farm block was yet another benefit 

the participants identified in the developing SDI digital-knowledge resource. Referring to the 

map that they had begun to generate using the mobile GIS app, here are some of the 

comments from the participants: 

The map is something important that will bring development in our 

farming block. It will even assist the members of co-operatives in 

terms of receiving their farming inputs from transporters during the 

farming season. When delivering the inputs, it will be just a matter of 

showing the drivers where exactly to deliver the inputs, that is, the 
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location of the co-operatives or depots. You would just show the 

driver the location of the co-operative and show him the route to take. 

(Male, 63, schooled to Grade 12) 

Truck drivers who deliver farming inputs could more easily locate the 

delivery stations or the co-operatives… as [currently] the farmers have 

no maps at all except a few that had been hand-drawn. That is the 

drivers from Mpongwe Central and from Tubombeshe, which are the 

main depots. They need to know where to deliver the farming inputs 

to the intended farmers in the co-operatives. Some transporters are just 

hired from other towns or different places, and then they park their 

trucks here [main depot]. The trucks are loaded and the drivers given 

instructions as to which co-operative to deliver the inputs to. Now this 

driver is new in this area. If there was a map, you would merely show 

him the route to take and he would understand. The map would guide 

him nicely. (Male, 49, schooled to Grade 12) 

[With a map it is] easy to give directions to places. No need to wake 

up early in the morning to meet a visitor at the trading centre. You can 

give them directions to come straight home. (Male, 45, schooled to 

Grade 12) 

From the comments of the participants, it is evident that their focus was on the 

benefits of the SDI’s mobile GIS app and not on the back end of the SDI. This is because the 

front end was the part of the hybrid SDI collective they had direct interaction with. They 

were, however, aware of the other participating members of the hybrid SDI collective that had 

emerged from this research project, such as the ICT professionals that had translated the 
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requirements of this grassroots community into the mobile GIS app and back end that they 

were now testing. There was an interesting situation that provided an opportunity for these 

laypeople to appreciate the need for additional professionals to be integrated into the hybrid 

SDI collective, specifically producers/providers of high-resolution imagery. See the testimony 

below of a 46-year-old male, schooled to Grade 9: 

I had an interesting situation in the field during the mapping process in 

the evening. After logging on I did not see the background map that I 

would normally see soon after logging on. At first I got puzzled 

thinking the logging process had not been successful. But when I saw 

the red spot marking my location, I realised that I had logged on 

successfully, but still wondered why the background map did not 

appear. Then it clicked that the area I was in was not covered by the 

background map. I soon realised that the application was asking me to 

be the first to map the area. It took a while for me to figure out what 

was going on. I resolved to proceed with the mapping in spite of the 

absence of the background map and was very excited to see that the 

markers indicating new points started appearing. 

The user had challenges locating himself on the map in relation to other existing 

features because the OpenStreetMap background map used for the mobile GIS app prototype 

was not adequately updated for Ibenga (the app design did not include a satellite imagery 

background to reduce on the resource load on the phone and cost of data). This experience is 

useful for explaining to the laypeople in the collective that they stood to benefit from the 

contribution of other members of the collective who could contribute satellite imagery to 

facilitate screen digitising—using desktop GIS—of the features that could be identified on 

imagery. That would help with fixing features for mappers. 
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Other prospective beneficiaries of the community-based SDI, apart from the national 

mapping agency whose head (the Surveyor General) was looking for low-cost solutions to 

mapping activities (as presented in Chapter 2), include the Ministry of Agriculture and Co-

operatives, which supports smallholder farmers. For example the challenges faced by the 

agricultural extension officers and co-operative inspectors, who at the time of my fieldwork 

had difficulty in locating the farmers they were employed to support, could be addressed with 

the improved access to location information that the community-based SDI could bring. The 

presence of a UNICEF project in the research area indicates that such organisations—such as 

UN agencies and NGOs—also were prospective members of the hybrid SDI collective as they 

could also benefit from the SDI’s location information in their work supporting local 

communities. 

Care: Care for the community-based SDI could be performed by the hybrid SDI 

collective, with the GIScience and ICT professionals focusing on the back end of the SDI and 

on the Web portal and enlisting formal producers and providers of spatial data. The laypeople 

could focus on the dataset created using the SDI’s mobile GIS app and the recruitment of new 

contributors in their local communities. This could better help detect inconsistencies in the 

spatial data collected, including cultural heritage information about their area. 

The GIScience and ICT professionals at the academic institution hosting the servers 

could contribute with resolving technical challenges faced by users as well as ensuring that 

the servers and geoportal were in operation. Their role as experts among laypeople is in 

keeping with the main idea behind the concept of hybrid collectives. Regarding some of the 

costs related to maintenance of the community-based SDI, including mobile data the and 

charging of smartphones, these could be addressed by extending the current use of the 

abundant sunshine in Zambia to generate solar power. Each of the co-operative centres in the 

five agricultural camps in Ibenga as well as some of the homes could invest in solar 
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(photovoltaic) panels. If these panels were further connected to the national power grid there 

could also be a possibility of the resulting home solar systems selling excess power to Zesco, 

the major power utility company in Zambia, and earning the much-needed cash to support the 

SDI. Already a US-based company, Fenix International, in partnership with the mobile 

service provider with the largest coverage in Zambia, MTN Zambia, is supporting the 

installation of solar panels in rural parts of the country (Fenix International, 2018). The role 

of MTN Zambia in this project is to use their MTN Mobile Money product to help rural 

residents finance home solar systems. MTN Mobile Money is a mobile phone-based means of 

making financial transactions previously only possible through banks. Zesco, on the other 

hand, in collaboration with USAID’s Power Africa project, is considering the integration of 

solar systems into the national electricity grid (USAID, 2018). If these two projects were to 

succeed, the rural community could have the opportunity to sell excess power generated 

through their solar panels to Zesco. These institutions could be added to the future hybrid SDI 

collective to ease the implementation of SDI projects. While the idea of selling power from 

home solar systems to utility companies seems to be succeeding in the Global North (BBC, 

2018; Josephson, 2018), its outworking in the Global South needs further research and 

practical examples.  

Responsibility: The entire hybrid SDI collective, being the community that gathers 

around the SDI digital-knowledge resource, could assume responsibility for it. The grassroots 

community, under the leadership of co-operative chairs of the smallholder farming 

community, could be responsible for communication with the professionals at the institution 

hosting the servers in terms of the modalities for this care. For example, updating of the 

mobile GIS app to the latest version could be done through liaison with the co-operative 

chairs. Similarly this collective of laypeople and professionals could resolve issues, say, of 

map vandals. The professionals could be responsible for ensuring that the geoportal is 
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functioning for access to users outside the collective. Corporate philanthropists, NGOs, and 

UN agencies could be included in the collective to ensure financial sustainability of the 

community-based SDI, while the state plays a supporting role for the collective. 

Ownership: Ownership of the SDI digital-knowledge resource could be by the 

community—the hybrid collective—built around it with its emerging set of social protocols, 

which would most likely be a hybrid set itself—traditional and modern.  

Just as the Ibenga community is defined by what it shares in common, as outlined in 

Table 7-2, the full hybrid SDI collective is a community defined by what it shares in 

common, as summarised—based on the above discussion—in Table 7-3. 
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Table 7-3  Commoning the community-based SDI (based on Gibson-Graham et al., 2013) 

Commoning the Community-based SDI 
Access Use Benefits Care Responsibility Ownership 

Shared and wide  
Negotiated by 

community—the 
hybrid SDI collective 

Widely 
distributed to 
the hybrid SDI 
collective and 

beyond 

Performed by the hybrid SDI collective Assumed by the hybrid SDI 
collective 

Any form of 
ownership 

(private, state, 
or open access) 

Access to the SDI 
mobile app could 
be provided 
through the 
Google Play store 
to enable easy 
access to more 
users and 
contributors, 
Android phones 
being the most 
prevalent. 
The geoportal 
could have 
unrestricted 
access, except in 
the case of data 
download, which 
could require 
free registration. 

Rules of use could be 
based on general 
principles of how the 
Ibenga community 
manages existing 
shared resources. 
They negotiate the 
rules as a community 
and decide what 
should be adopted. 
Uses that are peculiar 
to the mobile app and 
geoportal could 
emerge from the users 
starting with the 
pioneering group. A 
platform for discussing 
and arriving at agreed-
upon rules could to be 
created under the 
leadership of the co-
operative chair. 

The outcome of 
the spatial data 
collection could 
be available 
through the 
mobile app for 
registered users 
and the 
geoportal to 
enable a wider 
community of 
beneficiaries. 
Registration 
may be required 
on the 
geoportal for 
the 
downloading of 
data. 

The hybrid SDI collective as a whole 
could care for the community-based 
SDI as each actant plays its role. 
The community of “produsers” could 
decide on the manner in which data is 
collected in order to ensure that the 
data collected is as useful as possible 
for the local community and beyond. 
The local community could be actively 
involved in looking out for 
inconsistent mapping, whether 
accidental or intentional (by data 
vandals). The rules of use could 
include sanctions against data vandals. 
The GIScience professionals at the 
hosting institution, being part of the 
hybrid SDI collective, could be 
responsible for the maintenance of 
the servers and the activity of the 
geoportal. They could also help with 
technical challenges as they arise. 

The wider hybrid collective 
could be responsible for the 
SDI digital-knowledge 
commons. The role of the local 
community members could be 
to support each other to 
ensure good management and 
care for the front end of the 
SDI.  
The GIScience members of the 
collective’s share of 
responsibility could be with 
respect to the back end of the 
SDI. As the vision is to enlist 
additional members to the 
hybrid SDI collective, NGOs, 
corporate philanthropists and 
state agencies could support 
the local community in their 
role. 

The type of 
ownership of 
this resource 
could be 
community 
ownership—the 
hybrid 
collective. The 
major point on 
ownership is 
ensuring that all 
the have access 
especially the 
marginalised. 
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This section has shown, based on the Ways of Commoning tool by Gibson-Graham et 

al. (2013), how the hybrid SDI collective can common the community-based SDI. This has 

been done through proposing rules of use and access as well as protocols for care and 

responsibility to make certain that members of the collective that commons act responsibly 

with regard to each other and the SDI digital-knowledge resource that they common. 

7.5 Discussion and conclusion 

This study has shown that commoning is a possible approach for managing the 

community-based SDI because it significantly contributes to addressing the key challenges 

faced in SDI development in the Global South as presented in Section 1.1. Examples from 

existing commons among professionals such as the open source software community as well 

as prevailing ones among grassroots communities of Ibenga farmers in rural Zambia show the 

potential of this self-management approach for use by the hybrid SDI collective in caring for 

and maintaining the community-based SDI. The back end of the SDI could be managed based 

on lessons from the hacker community of open source software developers while the front 

end could be managed from the lessons learnt from the smallholder farming community of 

Ibenga in their care and maintenance of community resources. The Ibenga farming 

community members have demonstrated the potential for managing the front end of the 

community-based SDI as a commons because there is evidence of commoning in the 

community and they are motivated and have the capacity to come up with the rules, norms, 

and enforceable sanctions to make this digital commons work as a digital-

knowledge/information resource for the community. Based on the combined commons 

experienced of both the professionals and laypeople and using the Ways of Commoning tool, 

I have developed a proposal of the guidelines (Table 7-3) that the hybrid SDI collective could 

follow in commoning the SDI digital-knowledge resource. Chapter 6 shows that they 

mastered the operation of the app in a short time despite it being the first time they were 
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exposed to a smartphone. They were also quick to master functionalities of the accompanying 

smartphone apps that were needed for the community-based VGI activity. This demonstrated 

that they are able to grasp new technological ideas that could arise in the process of managing 

this informal SDI in spite of their humble education. The positive feedback regarding their 

experience with the technology was an encouraging outcome that calls for further research. I 

recommend, for future research, a project that could cover a longer period to allow for action 

research intervention through increased cycles. This could demonstrate on a practical level 

the outworking of the community-based SDI commons for the empowering of communities 

and for supplementing government initiatives of making location information accessible to all 

for decision-making in regional and national development. This chapter has thus shown that 

there is sufficient knowledge from examples and experience for the hybrid SDI collective of 

laypeople and professionals to manage the SDI digital-knowledge resource as a commons. 
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8 CONCLUSIONS 

8.1 Introduction 

The aim of this research was to contribute towards the understanding of the socio-

technical infrastructure of SDI development in such a way as to ensure that SDIs in the 

Global South may be created and maintained, thereby addressing the challenges of access to 

location information by grassroots communities for socio-economic development. To this 

end, I adopted an action research methodology in view of its dual commitment to 

contributing to knowledge and addressing the needs in the study environment. Its holistic 

approach to problem-solving, which incorporates multiple research methods, was the other 

reason for adopting it in this research. The methods in this research, therefore, included a case 

study among the grassroots community of smallholder farmers in rural Zambia, using semi-

structured interviews, user stories, the Agile software development method, and focus group 

discussions. I argue that using the concepts of commons and hybrid collectives to reimagine 

what an SDI fundamentally consists of is a way of rethinking how resource-poor 

communities and indeed societies can participate in SDI development globally and 

regionally.  

This chapter concludes the research by first providing an overview followed by an 

analysis of how each chapter contributes towards answering the research questions detailed in 

Section 1.3 in support of the main argument. It discusses the research contributions to the 

GIScience sub-fields of volunteered geographical information and spatial data infrastructure 

development research. The other discipline it contributes to is geography and PGIS. In the 

final section it presents an overview of the opportunities for future research.  
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8.2 Overview of research 

In Chapter 1, I reviewed the status of SDI development in the Global South in order to 

establish the challenges it faces. The literature review of SDI development in resource-

constrained contexts of the Global South revealed challenges in the coordination of producers 

of spatial data, the cost of access to high-resolution satellite imagery, and the cost of 

hardware and software for collecting the spatial data as well as setting up a platform (Web 

portal) for exposing the data over the Web for others to access and use in decision-making. 

The other challenge was the scarcity of geoinformation experts to handle the collection, 

processing, and presentation of the data. The literature study further revealed the sidelining of 

grassroots communities in terms of access to location information vital for decision-making 

in economic and social development. The vast majority of populations are thereby effectively 

left out of participation in national development.  

In Chapter 2, I turned my attention to an example grassroots community (a group of 

smallholder farmers) that was deprived of access to a formal SDI’s location information that 

could help them to manage community resources better and improve their farming business. I 

describe this community and their context, and assess their location information needs in 

order to devise a solution to the problem of access to location information that is suited to 

their case. This was to answer research question (1): “Who are the non-experts (laypeople) in 

the development of a bottom-up SDI and what is their context?” I described their context and 

general location information needs based on data collected during a field trip to Zambia. The 

key finding from the field trip presented in the chapter was the smallholder farmers’ need for 

location information, demonstrated by the fact that the few maps in the community were 

hand-drawn and not to scale, and also were located in a government office, limiting the 

number of users. The restrictive access to the maps by the community and their poor quality 

limited the degree to which location information can provide support for decision-making, 



245 
 

such as in development planning, hazard alerts, resource management, and the farming 

business. The other finding was that the community of smallholder farmers to which the 

research participants belonged had existing systems of shared resource management 

grounded in their cultural norms, and supported by the government-organised system for 

providing agricultural extension services. These governance/management systems in the 

community—the “people” component of the SDI—presented an opportunity that could be 

harnessed in the development of a solution as far as managing a digital location information 

and knowledge resource was concerned. It appeared that the concept of commons was 

already working in their community and this was identified as a possible ‘resource’ on which 

to build. 

The review of the challenges in SDI development in the Global South in Section 1.1 

and the study of the grassroots community of smallholder farmers in Section 2.3.5 led me to 

the conclusion that one solution that could contribute to addressing these challenges was 

changing the way we think about SDI development. Specifically, we ought to think about 

SDI development as a community-based activity and the nature of the community as a 

“hybrid collective”, a term stemming from science and technology studies. The hybrid nature 

of the collective includes human (laypeople and professionals) and non-human (technologies, 

spatial data, standards, procedures, and governance models) members all acting together in a 

spatially distributed network to build an SDI digital-knowledge resource. On a practical level, 

such a collective consists of the five components of an SDI: people, data, policy, standards, 

and access networks (technology). The hybridity and interconnectedness—in the hybrid 

collective concept—while working as a whole to achieve a goal is what, I argue, can 

contribute towards addressing the problem of limited access to location information for the 

grassroots community. In so doing I answered, in Chapter 3, research question (2): “What is 

SDI development from a science and technology studies perspective?” 
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 The role of the lay members of the collective in building the SDI digital-knowledge 

resource could be enhanced if they were equipped with suitable tools for participation, such 

as GPS-enabled mobile devices, which are becoming ubiquitous in the Global South and 

could soon reach rural areas. The development of more user-friendly mobile GIS apps on 

these devices could potentially increase lay participants in spatial data collection for the SDI. 

Desktop and laptop computers are also becoming widespread in urban areas. Therefore the 

greater the number of affordable (or free) and user-friendly desktop GIS applications 

developed, the more the possibilities for local problem-solving using spatial data. In order for 

the collective to be able to build an SDI that is sustainable it needed to be well equipped with 

educational resources and software. It is for this reason that my thesis includes, in Chapter 4, 

a review of free resources, including educational resources, base maps, and software, for 

inclusion in the collective that builds the SDI, answering research question (3): “To what 

extent can free resources support the gathering of the elements of the SDI collective?”  

This study found the eGranary Pocket Library—an offline concept for curated 

educational Web content—to be a potential solution to the challenge of the cost of Internet 

connectivity for accessing GIS learning resources.  

The findings from this study, with respect to software, have shown that free and open 

source software for SDI development has not only matured but also continued to advance in 

order to meet the growing need for spatial data access. My software review showed that there 

are viable tools out there, such as QGIS in the category of desktop GIS, to support both GIS 

self-starters and supporters outside the farming community. On the SDI server GIS side, there 

is GeoNode to support data management and storage, data documentation and cataloguing 

(metadata handling), and data access over the Web. I, however, observed the need to improve 

on the ease of installation of server-side software on the Windows platform, which is 

prevalent in the Global South. I also identified a gap in mobile GIS apps as no suitable app 
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could be found to support participatory smartphone-based VGI for the grassroots SDI. In 

order to fill this gap I followed a custom software-development approach to build an app that 

could be used by the smallholder farmers.  

 The above summary shows that an SDI can be developed from free resources 

gathered for the hybrid SDI collective to enable the collective build the grassroots SDI 

digital-knowledge resource. 

Research question (4): “What could the community-based SDI architecture look 

like?” was answered in Chapter 5. I designed and partially implemented a community-based 

SDI to facilitate field testing. This included gathering requirements for mobile app 

development to fill the mobile GIS gap identified in Section 4.8. I then proceeded to use the 

requirements to inform the development process of the VGI app that was used for field 

testing in Zambia among prospective users. 

In the hybrid SDI collective concept, the community that builds the SDI—which is 

hybrid in nature—is constituted through a process of “gathering” the elements of the 

collective—human and non-human—followed by the reassembling of the gathered elements 

in readiness for the commencement of the development process of the SDI digital-knowledge 

resource, which is then commoned and cared for as such. The emphasis of this concept, 

which I argue could improve access to location information for grassroots communities in 

SDI development, is the hybrid nature of the community that builds and cares for the SDI 

commons—the community must include laypeople and professionals as well as traditional 

and modern organisation. 

This study resulted in the implementation of a mobile GIS app for collecting spatial 

data about local infrastructure in Zambia. The application development process was carried 
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out in order to fill the gap in mobile GIS apps suitable for participatory smartphone-based 

VGI collection.  

The above description of the design shows how the community-based SDI can be 

built and the hybrid SDI collective approach that could make it work for the resource-poor 

contexts of the Global South. 

Chapter 6 answered research question (5), which was “To what extent can 

participatory approaches to smartphone-based VGI collection enhance the production of and 

access to location information for SDIs?” In this chapter I show how I successfully tested 

participatory approaches—drawn from PGIS—to VGI using the mobile GIS app developed. I 

also present how I concurrently successfully tested the mobile app for usability and collected 

feedback from users with the aim of further improving the usability of the app. 

For the purpose of testing the mobile app prototype and participatory approaches to 

smartphone-based VGI in Zambia, the app was linked to an open source spatial database, 

PostgreSQL/PostGIS, for data management and storage and a Web portal to facilitate the 

viewing of the collected data over the Web. While this set-up was not a fully-fledged 

technology component of an SDI for want of a Web map server and a metadata catalogue 

server, it was sufficient for the purpose of testing these two concepts in the target context of 

scarce resources. It is in this sense that the community-based SDI was only partially 

implemented. 

In this study I found that the Agile software development cycle, with its requirements-

gathering and app-development stages, is an effective method for app development as the 

resulting mobile GIS app enabled, to a great extent, the laypeople—Ibenga smallholder 

farmers—to use it to achieve the goal of mapping selected community resources, represented 

as points, lines, and polygons in the mobile app. It also enabled them to document the 
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descriptions of these resources through both text and photographs. The developed mobile app 

further facilitated participatory approaches to smartphone-based VGI. The study also 

revealed the capacity of the grassroots community, whose members were educated to a low 

level, to carry out the VGI-style collection of location information to empower and facilitate 

decision-making in their farming business plans, routing, and resource management. 

The summary above shows the practical outworking of VGI among the grassroots 

communities using smartphone technology in spite of their low level of education and lack of 

smartphone experience. It also reveals the capacity of the lay members of the hybrid SDI 

collective to contribute to addressing the challenges of the “people” and the “data” 

components of the SDI. The summary further shows the advantages of the Agile software 

development cycle, through the stages of which the requirements were gathered and the 

SDI’s mobile app was developed to fill the mobile GIS gap identified in Section 4.8.  

In Chapter 7, I investigated the potential of the commoning concept and found it to be 

a suitable means of self-management of the community-based SDI by the grassroots 

community and the professional members of the hybrid collective. The investigation was 

carried out through fieldwork and review of the literature on commons practices and 

“commoning”, answering research question (6): “How equipped is the hybrid SDI collective 

to manage the community-based SDI as a commons?”  

This research found, from the study of their culture and norms, that the Ibenga 

community of smallholder farmers already had procedures for managing their shared 

resources which were effectively commons practices. This showed the possibility of the 

community adopting these practices for managing as a commons the front end (the 

smartphone-based VGI side) of the community-based SDI digital-knowledge resource. I also 

found in the literature existing commons practices among professionals, such as open source 
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software and open educational resource communities, that revealed the capacity of GIScience 

and ICT professionals in the hybrid SDI collective to manage the back end (the GIS server 

side) of the SDI as a commons. The practices of professionals in the literature could be 

integrated, for the hybrid SDI collective as a whole, with the commons experience of the lay 

members of the collective—the Ibenga smallholder farming community—to manage the SDI 

digital-knowledge resource as a commons. 

The findings presented in Chapter 7, therefore, point to the feasibility of the hybrid 

SDI collective that begins with the Ibenga community of smallholder farmers and the 

GIScience professionals managing the bottom-up digital location information resource as a 

commons––with limited state involvement. 

8.3 Research contributions: “Translation” 

This section discusses the research contributions of this thesis from three 

perspectives: theory, methodology, and practice. This section covers “translation”, which is 

the last of the three interactions (gathering, reassembling, and translating) regarded as critical 

in Cameron et al.’s (2014) proposed “hybrid collective research method” and refers to the 

taking up of research outcomes for application in other contexts. 

The contribution of this thesis is to theorise SDI development as a hybrid collective 

activity and the SDI itself as a digital-knowledge commons, and to test the concept through 

partial implementation of the SDI in a Zambian context. I have achieved this by developing a 

theoretical framework for grassroots SDI development and use, which I have termed a hybrid 

SDI collective—a socio-technical assemblage including professionals, laypeople, and the 

material, digital, social, and economic components—to build an SDI that contributes towards 

addressing the challenges of access to location information by the grassroots of the Global 

South. 
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The originality of my research design and its contribution to the field of GIScience is 

not only in terms of the understanding of SDI development as a hybrid SDI collective activity 

but also in terms of  

1. the reviewing process of free resources to support the bottom-up SDI. which was 

based on criteria I set guided by the target users, mainly in rural Zambia, 

2. the development of a participatory VGI mobile app based on the Agile development 

cycle and the requirements of the target users––the grassroots smallholder farmers of 

Ibenga farm block in Zambia, and  

3. the testing of the prototype and participatory approaches to smartphone-based VGI in 

the Zambian context. 

8.3.1 Theoretical contributions 

The main contribution of this thesis is rethinking the socio-technical infrastructure of 

SDI development in a way that ensures that SDIs in the Global South may be created and 

maintained. The way we understand SDI development influences how SDIs are built and 

cared for, and how effective they are in supporting the creation, access, sharing, and 

exchange of spatial data. The study argues for an understanding of SDI development by 

GIScience as a hybrid collective activity. The hybrid collective is composed of human and 

non-human members and is the group that builds the SDI digital-knowledge commons that in 

turn addresses the location information challenges of grassroots communities yet worked as a 

community through technological means in the Global South. One of the key aspects of the 

hybridity in the collective is that of the human participants: it must include laypeople and 

professionals. The hybrid SDI collective that built the prototype was similar to the 

community described by Callon and Rabeharisoa (2003) which consisted of researchers, 

practitioners and laypeople. 
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SDI is a concept developed from GIS ideas (Cooper et al., 2011) that seeks to bring 

together spatial data created with and stored in disparate GIS systems of producers and 

providers. In an apparent effort to empower individuals and grassroots communities in the 

Global South, GIS concepts were integrated into participatory research approaches leading to 

PGIS. Similarly these GIS concepts were also used to develop the VGI concept which 

provided for laypeople creating spatial data. Although the thinking and concepts behind VGI 

and PGIS seem to point in the direction of the bottom-up spatial data systems needed to 

empower individuals and grassroots communities (laypeople) (Brown & Kyttä, 2014), a 

closer look reveals that they fall short of the thinking that could more likely lead to meeting 

the location information needs of grassroots communities in the Global South. In the VGI 

concept there is limited or no provision for laypeople being involved in the design of the 

system, and so the resulting design might not meet their specific needs (Fast & Rinner, 2014). 

In VGI thinking the ownership of the spatial data that would result from a system based on 

this idea sometimes belongs to the builders of the platform rather than the “volunteers” as is 

the case with Google Maps, which would not sufficiently support the ideas of empowerment. 

While PGIS ideas include involving grassroots communities in identifying and structuring 

their problems, collecting data, and analysing the results, the empowerment of local 

communities (laypeople) is limited as far as GIS skills transfer is concerned. This is because 

in PGIS thinking, the handling of spatial data using GIS mostly remains in the hands of 

professionals. The hybrid SDI collective concept that this thesis proposes, therefore, 

contributes to addressing the limitations of both VGI and PGIS. It does this by providing for 

the recognition and involvement of laypeople in the development of both spatial data and a 

spatial data handling platform that could better meet their location information needs. The 

contribution is therefore not only in extending the ideas of the two sub-fields of GIScience—

SDI and VGI research—but also of PGIS. 
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This study also contributes to  the fields of both STS and commons research, by 

extending the hybrid collective and commons concept to SDI development, particularly the 

idea that the hybrid collective is the community that creates and cares for a commons—the 

commons being the SDI digital-knowledge resource. These concepts have been seen, for 

example, in a research collective that commoned a knowledge resource on a rare disease, 

muscular dystrophy (Callon & Rabeharisoa, 2003), an activist collective of mothers that 

commoned a digital-knowledge resource on babies’ hygiene (Dombroski, 2016), and a 

collective that commoned community gardens (Cameron et al., 2014). These ideas are here 

extended to SDI development as a solution to challenges of location information access by 

grassroots communities in the Global South. 

In terms of its contribution to the discipline of geography, by concept and at a 

practical level this thesis has shown through the hybrid SDI collective that communities can 

be both place-based and virtual, supporting the argument of researchers such as Hampton 

(2002) who question whether it need be one or the other. Gusfield, 1975, cited in McMillan 

and Chavis (1986), identifies two major ways in which communities develop. There are 

communities that develop around a geographical location (place-based) such as chiefdoms, 

and communities that develop around interests (e.g. the community-based SDI) not 

necessarily with reference to location. With the advent of the Internet, virtual communities 

have arisen whose members interact primarily through computer-mediated communication. 

These virtual communities, like traditional communities, can develop either from some 

geographic locale or from common interests – or in some cases, both. 

A hybrid SDI collective is both a place-based and virtual network, demonstrated by 

the community of smallholder farmers centred around a particular geographic locale—

Ibenga—and yet their interaction is also computer-mediated through the mobile GIS app and 

WhatsApp chat group created for communication. Some members of the collective could 
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connect in a purely virtual way, especially the prospective contributors to the improvement of 

the mobile GIS app. With respect to the research project, members of the collective that built 

the prototype were located in three different countries—Zambia (research participants), New 

Zealand (researcher), and Australia (software developers)—and yet worked as a community 

through technological means. 

8.3.2 Methodological contributions 

The main methodological contribution of this research has been the integration and 

application of different concepts to address SDI development challenges in the Global South. 

These concepts include PGIS, VGI, and commons, all applied under the umbrella of the 

hybrid collectives concept in an effort to find a comprehensive solution to data access and 

self-management of a digital location information resource.  

This thesis, therefore, not only contributes to SDI research by rethinking the SDI 

development process but also to STS scholarship by beginning to create the proposed hybrid 

SDI collective that partially implemented the community-based SDI of this thesis. The 

collective was composed of laypeople (smallholder farmers), professionals (the researcher 

(me) and supervisory team as well as GIScience/ICT practitioners), and technologies. The 

thesis also demonstrated the practical outworking—in the SDI context—of Cameron et al.’s 

(2014) emerging “hybrid collective research method”: gathering, which involves bringing 

together elements of the collective (covered in Chapter 4); reassembling the gathered 

elements of the collective (in Chapter 5); and translating the research outcomes for contexts 

beyond this research (Chapter 8). 

This thesis also contributes the rich insights provided by the case study of the example 

Global South context provided by the Ibenga farm block in Zambia. The research strategy, 

fieldwork description, and experience gained can be used to guide researchers embarking on 
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similar explorations for solutions to location information access challenges by grassroots 

communities in rural parts of the Global South. 

The thesis also contributes insights into the requirements gathering process—in this 

case among the grassroots smallholder farmers of the Ibenga farm block in Zambia—for the 

development of a VGI mobile app based on the Agile software development cycle. 

8.3.3 Practical contributions 

The contribution of this study to SDI research also includes the selection of suitable 

free resources that could help address resource constraints of countries of the Global South 

based on reviews of open educational resources, free map and imagery resources, and free 

and open source software for SDI development. The reviewing process of free resources for 

support to the bottom-up SDI was based on Zambian users. 

One of the practical contributions of this research is the detailed insights into the 

applicability and outworking of participatory approaches to smartphone-based VGI in rural 

parts of the Global South. This is an integration of PGIS and VGI concepts for SDI 

development. It provides an example of how community-based smartphone mapping can 

work out in the midst of resources that are scarce, such as GIScience professionals, Internet 

connectivity and funds for connectivity, electricity supply for charging phones, and basic 

education for grasping the technology and apps. As noted earlier, Nedović-Budić et al. (2011) 

observed that VGI research lacks sufficient practical examples in the Global South. This 

thesis thus provides a much needed Global South outworking of VGI. Additionally the 

fieldwork outcomes in this thesis provide an example case study such as those sought by the 

World Bank to encourage wider adoption (World Bank, 2017b). 

The application in this thesis of the idea of bottom-up SDIs with a focus on spatial 

data collection and collaboration using smartphones contributes to the fulfilment of the SDI 



256 
 

research vision of Strobl et al. (2012), who noted that “[l]essons learned from the evolution of 

Volunteered Geographic Information (VGI) and from the emergence of distributed peer-level 

development of Wikipedia-style knowledge can be applied to community-based SDIs”. The 

practical application of VGI in SDI development is also in line with Cooper et al.’s (2011) 

idea of “[e]xtending the formal model of a spatial data infrastructure to include volunteered 

geographical information”. 

The thesis further contributes to knowledge on the use of smartphones (as opposed to, 

say, basic phones or handheld GPS receivers) for VGI data collection in a resource-

constrained context of the Global South, taking advantage of the technology’s capability to 

capture the three key forms of spatial information, i.e. map-based, image (or photo)-based. 

and text-based. Text-based VGI using standard mobile phones has been used in the Global 

South, such as during the 2010 Haiti earthquake, to inform humanitarian relief efforts through 

geocoding SMS messages to appear on maps (Liu, 2014). It was also used in the Zanzibar 

h2.0 Monitoring Services to Inform and Empower initiative to report problems of water 

provision at specific locations by SMS (UN-Habitat, 2010). Map-based VGI using handheld 

GPS devices was used to map Kibera, a slum in Nairobi, Kenya, in an initiative to empower 

communities22. The research presented in this thesis extends these efforts, which had focused 

on basic phones or handheld GPS devices rather than smartphones. Thus, by the time 

smartphones have entered widespread use in this part of the world the outcome from this 

research will have paved the way for smartphone-based VGI.  

In this thesis I have also contributed detailed insights into the social context of the 

smallholder farmers in a rural district of Zambia, which provides the GIScience community 

with a picture of some of the target users/participants in the Global South when developing 

SDIs and spatial data collection tools. The usability testing of the mobile GIS app among 
                                                
22 https://www.youtube.com/watch?v=lVkyBf_TM9s 
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rural community members provides rich insights to researchers, governments (who are 

looking for low-cost solutions), and mobile GIS app developers in terms of what technologies 

and functionalities are practicable. It also provides insights into what could be accomplished 

when a smartphone with appropriate apps is placed in the hands of grassroots communities in 

terms of amount and variety of spatial data. This thesis also provides an example of how VGI 

can be extended to incorporate PGIS approaches, data collection having been a community-

based or participatory activity rather than individualised, as is common for VGI. 

To conclude, the results of this thesis suggest that open resources and the principles of 

open movements are an important source of leverage for a community-based SDI. Together 

with the smartphone they can significantly enhance universal and timely access to location 

information through SDIs. This could greatly support decision-making in regional and 

national development worldwide, especially in resource-constrained contexts of the Global 

South. 

8.4 Recommendations 

There are several opportunities for further work that have been identified from this 

thesis.  

I recommend further development of the prototype mobile GIS app that was 

developed in this thesis and the depositing of its code on an open source repository for further 

input and improvement from the open source community. This could include an exploration 

of both traditional and semantic data modelling to facilitate data search and navigation using 

the app, something that this thesis did not cover.  

I recommend that simplified step-by-step guidelines for installing the software stacks 

on both the Linux and Windows operating systems be developed, as the existing installation 

instructions were mostly unclear, or there was an expectation for the user to have prior 
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knowledge of command-driven user interfaces and Linux-based operating systems to be able 

to achieve installation and running the software. 

I recommend carrying out of field testing of participatory approaches to smartphone-

based VGI in different contexts and continents, expanding the focus of this thesis, which was 

on the context of rural Zambia. I further recommend investigation into the actual outworking 

of commoning an SDI in grassroots communities. 

Building trust in the VGI-collected spatial data is another important area of further 

development for the thesis ideas that would enhance the adoption of VGI in addressing 

location information challenges. Another aspect related to measurement with the mobile GIS 

app worth further investigation is accuracy. I recommend the incorporation of sub-metre 

satellite positioning technologies into the app, as this thesis did not explore these 

technologies, which show great potential for highly accurate spatial data generation using 

mobile devices. The technologies were only emerging at the time of thesis writing. 

With further development in these areas, the future could look brighter in terms of 

empowerment of the grassroots with digital information resources for decision-making that 

could enable them to be more involved in national development and be better equipped to 

manage local resources for a better wellbeing. 
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Interview Information Sheet for Mpongwe farmers 

Data collected will be stored in lockers or rooms that can be locked. Electronic forms of data will be 

stored in password protected computers and backed up on the secure University servers. Only the 

researcher and supervisors will be authorised to access the collected data.  The raw data will be kept 

safely and then be destroyed after 10 years. A thesis is a public document and will be available 

through the University of Canterbury Library. 

The project is being carried out as a requirement for PhD research by Levi Mutambo under the 

supervision of Dr Ioannis Delikostidis, who can be contacted at 

ioannis.delikostidis@canterbury.ac.nz. He will be pleased to discuss any concerns you may have 

about participation in the project. 

This project has been reviewed and approved by the University of Canterbury Human Ethics 

Committee, and participants should address any complaints to The Chair, Human Ethics Committee, 

University of Canterbury, Private Bag 4800, Christchurch (human-ethics@canterbury.ac.nz). 

If you agree to participate in the study, you are asked to complete the attached consent form which I 

will collect before the start of the first research exercise. 

 

 

Levi Mutambo 

 

 



  

 

Interview Consent form for Mpongwe Farmers 

 

 

 

 

PROJECT TITLE: CROWDSOURCING A SPATIAL DATA INFRASTRUCTURE 

 
 

I have been given a full explanation of this project and have had the opportunity to ask 

questions. 

I understand what is required of me if I agree to take part in the research. 

I understand that participation is voluntary and I may withdraw at any time without penalty. 

Withdrawal of participation will also include the withdrawal of any information I have 

provided should this remain practically achievable. 

I agree that the interview and focus group discussions will be recorded on a digital recorder and 

a transcript produced. 

I agree to maintain confidentiality of other peoples’ information shared in the focus group. 

I understand that the results of the project will form parts of public documents but anonymity is 

guaranteed by use of pseudonyms only and concealing context in the case of mapping 

information. 

I understand that any information or opinions I provide will be kept confidential to the 

researcher and his supervisors and that any published or reported results will not identify the 

participants and anonymity is guaranteed by use of pseudonyms only and concealing context in 

the case of mapping. I understand that a thesis is a public document and will be available 

through the University of Canterbury Library. 

I understand that all data collected for the study will be kept in locked and secure facilities 

and/or in password protected electronic form and will be destroyed after ten years. 

I understand that I am able to receive a report on the findings of the study by contacting the 

researcher at the conclusion of the project. 

I understand that I can contact the researcher Levi Mutambo, Department of Geography, 

Private Bag 4800, Christchurch 8140, New Zealand, Email: 

Levi.mutambo@pg.canterbury.ac.nz, Mobile: +260955958575 (Zambia), Mobile: +64 

2102924213 (New Zealand), Phone: +64 3 366 7001, Fax: +64 3 3642907  or supervisor Dr 

Researcher: Levi Mutambo (PhD Candidate) 

Department of Geography 

Private Bag 4800, Christchurch 8140, New Zealand 

Phone:  +64 3 366 7001, Fax: +64 3 3642907 

 

Email: Levi.mutambo@pg.canterbury.ac.nz 

Mobile: +260955958575 (Zambia) 

Mobile: +64 2102924213 (New Zealand) 

 



  

 

Interview Consent form for Mpongwe Farmers 

Ioannis Delikostidis, Department of Geography, Private Bag 4800, Christchurch 8140, New 

Zealand, Email: ioannis.delikostidis@canterbury.ac.nz, Phone: +64 3 364 2987 Ext. 94387, 

Fax: +64 3 3642907 for further information. If I have any complaints, I can contact the Chair of 

the University of Canterbury Human Ethics Committee, Private Bag 4800, Christchurch 

(human-ethics@canterbury.ac.nz) 

 

Thank you! 

 

 

Levi Mutambo 

 

By signing below, I agree to participate in this research project. 

 

Full name:………………………………………………………… 

Signed:………………………………………Date:……………… 

N.B.: Please hand this form back to Levi Mutambo before the start of the first research exercise. 
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ABBREVIATIONS AND ACRONYMS
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NSDI National Spatial Data Infrastructure

LIMS Land Information Management System

PS Permanent Secretary
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4

DEFINITIONS

Aerial photograph : A photograph taken by a camera mounted on some form of flying 
object within the Earth’s atmosphere.1

Base Map : A map containing the background upon which geographic data is 
overlaid. It contains basic survey control and reference framework 
for integrating all of the other map features of a particular area. 
Ortho-photographs are commonly used as cadastral base maps.2

Cadastral index map : A map showing the legal property framework of all land within an 
area, including property boundaries, administrative boundaries, 
parcel identifiers, road reserves, administrative names and 
sometimes the estimated area of each parcel.3

Cadastral surveying : The surveying and documenting of land parcel boundaries in 
support of a country’s land administration or land registration 
system. The survey often results in a cadastral survey plan that 
may or may not be used to create or update a cadastral map.

Cadastral surveying : The surveying and documenting of land parcel boundaries in 
support of a country’s land administration or land registration 
system. The survey often results in a cadastral survey plan that 
may or may not be used to create or update a cadastral map.

Invitation to Treat : Is an indication of willingness to deal and is distinguishable from 
an offer in that it lacks an intention to be bound.

National Spatial Data 
Infrastructure (NSDI)

: A combination of the technology, policies, standards and human 
resources necessary to acquire process, store, distribute and 
improve the utilization of geospatial data. 

Rectification : The process of programming the image of a tilted aerial 
photograph onto a horizontal reference plane to eliminate the 
image displacement caused by tilt of the aerial camera at the time 
of exposure.

Satellite Image : A digital data set recorded from a satellite, either by a scanner on-
board the satellite or photographically. 

  
1 3Byamugisha F.K.K 2013, Securing Africa’s Land for Shared Prosperity, World Bank, Washington D.C.

2 IAAO 2004, Standard on Manual Cadastral Maps and Parcel Identifiers, International Association of Assessing  Officers, Chicago.
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EXECUTIVE SUMMARY

The National Land Audit Programme (NLAP) will be implemented by the Ministry of Lands, 
Natural Resources and Environmental Protection (MLNREP). The programme will have two 
phases namely Preparatory and Implementation phases which will be conducted over a period of 
eight (8) years starting from 2014 to 2021. The total cost of the programme is estimated at ZMW
404,922,718 (US $ 53,989,696).

The overall objective of the NLAP is to investigate and compile a comprehensive, accurate and 
reliable database of all land parcels in Zambia in order to enhance good governance, 
decentralization, transparency in land administration, forestry and environmental management 
and thus contribute to sustainable socio-economic development. 

The National Land Audit Programme will bring out key statistics on land ownership as well as 
the land use patterns in Zambia. The audit will cover land under State and Customary tenure. 
Specifically, the audit will focus on the major land parcels in country namely: Mining; 
Agriculture; Heritage sites; Forest Reserves; National Parks; Game Management Areas (GMA); 
Industrial and settlements (Planned and Unplanned). 

The key outcomes of this programme will include the development of an Integrated Land-use 
master plan; updated environmental and land management information, strengthened 
collaboration in land administration, forestry and environmental management. It will also aid
policy, legislative, institutional reforms and reduction in land disputes. Furthermore, the program
will facilitate for the provision of segmented data for instance land ownership based on gender as 
well as help to expand the revenue base for the Government.

The NLAP will be guided by various land related Acts and regulations as well as the MLNREP 
Strategic Plan and the Revised Sixth National Development Plan.
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1.0 INTRODUCTION

Land administration in Zambia has been a subject of wide spread interest due to competing needs 
that include housing, investment, mining, forests and agriculture. Recently, debates on land-use 
patterns have given rise to questions on how the natural resources such as forests are utilized in 
relation to other competing uses like Agriculture and Mining. With the growing number of 
Mining, Agriculture and Housing activities around the country, there are even more questions on 
how the Country is expected to manage the various competing needs. The Government has had 
difficulties to adequately respond to the challenges it faces due to lack of a comprehensive record 
of all the land in the country.

In order to address these information gaps, the Government of the Republic of Zambia through 
the Ministry of Lands, Natural Resources and Environmental Protection (MLNREP) decided to 
embark on a comprehensive Land Audit which would clarify how much land was available and 
the measures that could be taken to avail land for development. The MLNREP will be the lead 
institution in the implementation of this programme and will collaborate with other government 
institutions, traditional establishments as well as Non-Governmental Organizations (NGOs) 
/Community Based Organizations (CBOs) and private organizations in implementing this 
programme. The programme is critical as there has never been a comprehensive database and 
national wide land inventory making it very difficult to facilitate informed sustainable land-use 
planning and management.

The NLAP will be undertaken in two phases namely the Preparatory and Implementation. The 
preparatory phase will cover the period 2014 – 2015 and the latter will be from 2016 - 2021. The 
implementation of the NLAP will be guided by the Lands Act Cap 184, Lands and Deeds 
Registry Act Cap 185, Land Survey Act Cap 188, Town and Country Planning Act 283, Housing 
(Statutory and Improvement Areas) Cap 194, Forests Act Cap 199, ZAWA Act No 12 of 1998, 
Environmental Management Act No 12 of 2011, Protected Places and Areas Act Cap 125, Mines 
and Minerals Development Act Cap 213, Common Leasehold Schemes Act Cap 208, National 
Heritage Conservation and Commission Act Cap 173, Agricultural Lands Act Cap 187, and any 
other land related Acts and regulations as well as the MLNREP Strategic Plan and the Revised 
Sixth National Development Plan.

The NLAP will bring out key statistics on land ownership as well as the land use patterns in 
Zambia. The audit will cover land under State and Customary tenure. Specifically, the audit will 
focus on the major land parcels in country namely: Mining; Agriculture; Heritage sites; Forest 
Reserves; National Parks; Game Management Areas (GMA); Industrial and settlements (Planned 
and Unplanned). The Terms of Reference, the work flow and budget are shown in Annexes 1, 2 
and 3 respectively.

The programme will have the following components: i) Land Inventory; ii) Land Dispute 
Resolution; ii) National Spatial Data Infrastructure; iv) Sensitization and Land Information 
Dissemination; v) Information and Communication Technology; vi) Programme Management.
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2.0 BACKGROUND

The history of land administration in Zambia can be traced back to colonial times. At
independence, land was classified as State land which accounted for 6% and Customary land 
(Native Reserves and Trust Lands) which accounted for 94% of total land surface coverage of 
752,614 Square Kilometres. To date, these categories of land classification still hold even though 
there has been conversion of customary land to state land.

During the colonial period land was expropriated so as to facilitate for the establishment of 
agriculture and mining. The Colonial administration selected arable land for its own use and 
relocated natives to Trust Lands which had poor transport and communication networks. 

From independence to date, Zambia has experienced wide spread rural urban migration and 
population increase leading to land use changes, mushrooming of unplanned settlements and 
encroachments on forest reserves. The Country has had several legislation introduced with 
regards to the administration of Land, however, the land administration system has not 
adequately addressed the emerging issues such that it has been difficult to appropriately take 
stock of land transactions and the land use.  

Furthermore, the Patriotic Front Government in its manifesto pledged to conduct a National land 
Audit. The Land Audit will in turn facilitate for future planning and foster sustainable use of land 
resources for agriculture, commercial, mining, forestry and other uses. It is for this reason the 
Government of the Republic of Zambia through the Ministry of Lands, Natural Resources and 
Environmental Protection initiated the process for the national land audit. 

3.0 RATIONALE

Zambia has vast land resources that can be utilised for investments, wealth and employment 
creation. However, the country has inadequate land delivery system and is faced with high levels 
of unemployment, poverty, environmental and land degradation that needs to be addressed. In 
order to address these challenges there is need to promote a broad-based pro-poor growth, 
employment creation and human development approach at all levels. This would be realised 
through implementation of the activities focused on land administration.

The Lands Act of 1995 Cap 184 of the Laws of Zambia vests all land in the President. The 
President has the duty to ensure that in alienating land, equity, transparency and environmental 
considerations are taken into account for sustainable socio-economic development. In the 
absence of accurate records on the exact patterns of land utilization, it is difficult to have a basis 
for making certain critical socio-economic decisions. The NLAP is therefore necessary to help 
Policy and Decision Makers to administer land in an equitable and efficient manner. 

The NLAP will give statistics on the number of titles issued and details of ownership under State 
and Customary Land. In addition, the audit will reveal the exact percentage of customary and 
state land in relation to the various chiefdoms. It is expected that the land audit will reveal a 
number of settlements where citizens do not have appropriate ownership records in both State 
and Customary land.  The NLAP will also provide the necessary information that will help to 
increase revenue generation for Government. 
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In view of the above, the Government found it necessary to undertake a comprehensive NLAP to 
generate the key data in order to enhance land administration and management in Zambia.

4.0 SCOPE OF THE PROGRAMME

The NLAP will cover both State land and Customary land in the entire Country (see annexure 4). 
The implementation phase will first be piloted in Lusaka Province and then rolled out to the 
other Provinces. Lusaka Province was selected as a pilot because it faces an array of problems 
related to land administration and management coupled with high population. 

The programme will gather statistics on land ownership, extent and use of land parcels. The land 
audit will also examine land records, satellite imagery, aerial photography and land-use patterns 
with a view to providing a basis for strategic planning of the utilization of land in the Country.
The Land Audit will therefore involve collection and processing of data of various forms, 
review, evaluate and monitor land ownership and development patterns. 

The implementation of the NLTP will be guided by the following Acts:
1. Lands Act Cap 184
2. Lands and Deeds Registry Act Cap 185
3. Land Survey Act Cap 188
4. Town and Country Planning Act 283
5. Housing (Statutory and Improvement Areas) Cap 194
6. Forests Act Cap 199, ZAWA Act No 12 of 1998
7. Environmental Management Act No 12 of 2011
8. Protected Places and Areas Act Cap 125
9. Mines and Minerals Development Act Cap 213
10. Common Leasehold Schemes Act Cap 208
11. National Heritage Conservation and Commission Act Cap 173
12. Agricultural Lands Act Cap 187, 
13. And any other land related Acts and regulations as well as the MLNREP Strategic Plan 

and the Revised Sixth National Development Plan.

The detailed scope of the programme is shown in annexure 3.

5.0 PROGRAMME OVERALL OBJECTIVE

The overall objective of the NLAP is to investigate and compile a comprehensive, accurate and 

reliable database of all land in Zambia in order to enhance good governance, transparency in land 

administration, forestry and environmental management and thus contribute to sustainable socio-

economic development.

5.1 Specific Objectives

5.1.1 To establish the amount of land administered under State and Customary land
(taking into consideration un-surveyed and surveyed, offered and titled properties
desegregated by land use, gender, chiefdom, townships, district, province and any other 
attributes)
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5.1.2 To develop a National Spatial Data Infrastructure (NSDI) that will provide a 
comprehensive up to date spatial data and facilitate easy access to support efficient 
decision making and socio-economic development programmes.
5.1.3 To investigate the actual extent of Forest Reserves, National Parks, Game 
Management Areas, Wetlands, National Heritage Sites, Mining Areas and other areas of 
Environmental importance.
5.1.4 To set-up a robust land information management system that will provide the 
public with easy access to up to date land related information. 
5.1.5 To setup a mechanism for ensuring that land disputes are identified, analysed and 
resolved amicably.

6 PROGRAMME COMPONENTS

The Land Audit Programme will be implemented under the following components: 

1) Land Inventory; 
2) Land Dispute Resolution; 
3) National Spatial Data Infrastructure;
4) Sensitization and Land Information Dissemination;
5) Information and Communication Technology
6) Programme Management.

6.1 LAND INVENTORY

The Land Inventory component will focus on the collecting of information on various aspects 
such as ownership, land use, land tenure category, and property status. It is therefore this 
component that will ensure that the field data collection is undertaken. The data collected will 
be analyzed to generate statistics to aid in effective and efficient land administration.

The lead institution for this component will be the MLNREP coordinated by Planning and 
Information Department working with Central Statistical Office, local authorities and 
Department of Resettlement.

The budget and implementation plan are shown in annexure 2 (component 1).

6.2 LAND DISPUTE RESOLUTION

This Component will focus on resolving land disputes as they arise from the field data 
collection exercise. This will involve the settling of disputes arising from boundaries, 
property ownership and any other related disputes.

Lands, Lands and Deeds Departments will spearhead this component. Where applicable these 
Departments will also work with respective local authorities and other relevant institutions to 
ensure that land disputes are amicably resolved.

The budget and implementation plan are shown in annexure 2 (component 2).
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6.3 NATIONAL SPATIAL DATA INFRASTRUCTURE (NSDI)

The lead for this component will be Survey Department working with the NSDI Committee. 
This component will focus on the generation and provision of core spatial datasets as well as 
the formulation of the NSDI policy and institutional arrangement framework. 

The NSDI activities will include Cadastre database development, procurement and 
rectification of aerial photos and satellite imagery, establishment of ground control points, 
GIS portal development and Cadastre index mapping. The NSDI will also ensure that spatial 
data standards are updated to support the land inventory and other institutions utilizing spatial 
data.

The budget and implementation plan are shown in annexure 2 (component 3).

6.4 SENSITIZATION AND PROGRAMME INFORMATION DISSEMINATION

Sensitization and Programme Information Dissemination will be spearheaded by Planning 
and Information and Human Resource and Administration Departments. 

Under this component, the focus will be to ensure that information on the Land Audit is 
widely disseminated to the public using various communication channels. 

The budget and implementation plan are shown in annexure 2 (component 4).

6.5 INFORMATION AND COMMUNICATION TECHNOLOGY

The component will focus on developing a robust Land Information Management System
that will facilitate linkages to other Government information systems as part of the e-
governance implementation. 

The lead Department for this component will be Planning and Information.

The budget and implementation plan are shown in annexure 2 (component 5).

6.6 PROGRAMME MANAGEMENT

The Programme Management Component will focus on ensuring effective and efficient 
implementation of programme activities. It will also ensure that deliverables are achieved 
within specified time frames. 

This component will be led by a Programme management Unit which will be established and 
members seconded to the programme by the Permanent Secretary. The Programme Manager 
will be contracted by Government. 

The budget and implementation plan are shown in annexure 2 (component 5).



11

7 INSTITUTIONAL STRUCTURE AND PROGRAMME MANAGEMENT

The lead Institution for the NLAP is the Ministry of Lands, Natural Resources and 
Environmental Protection.

7.1 Institutional Framework

The Land Audit will be programme based and the Programme management Unit will ensure 
that there is effective and efficient implementation of programme activities. It will also 
ensure that deliverables are achieved within specified time frames. 

The Programme management Unit will be reporting to the Steering Committee. The Steering 
Committee will be composed of the Permanent Secretary (MLNREP), Heads of Department 
(MLNREP) and Heads for Department for Central Statistical Office, Ministry of Finance, 
Resettlement as well as Physical Planning and Housing. The Steering Committee will be
responsible for mobilization of resources and review and approval of implementation plans.

The Steering Committee will be reporting to the Secretary to the Cabinet – who will be 
advising Cabinet and the President on the implementation of the Land Audit Programme as 
well as give policy directions to the Steering Committee.

As and when it is necessary during the implementation phase, a programme technical 
working group will be established.

The Terms of Reference are shown in Annexure 1 and the structure of the Steering 
Committee and the Programme management Unit is shown in Annexures 4 and 5.

7.2 Technical and Financial Assistance

The technical assistance required for the NLAP during the implementations is in areas of ICT, 
NSDI, Systems Development and Capacity Building of staff for the Programme management 
Unit and the MLNREP. Both local and International consultants will be required to provide 
services on highly specialized assignments.

The MLNREP will lobby for financial assistance from the Ministry of Finance to ensure that the 
Programme is undertaken within the targeted period.

8 METHODOLOGY

This section describes how the Land Audit will be undertaken and the kind of information that is 
expected to be generated. The Programme components are also highlighted.

The implementation strategy is shown in annexure 6.

8.1 Establishment of NSDI

The following are the key activities that will be undertaken under NSDI:
a. Establishment of Ground Control Points (GCP). 
b. Undertaking of Aerial photography and acquisition of satellite imagery. 
c. Generation of Digital Terrain Model (DTM) for Ortho-rectification of imagery 
d. Development of centralized Geo-Spatial Database, Web Map Services (WMS) and 
GIS Portal. 
e. Capacity building.
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e. Undertaking of cadastral surveys, examinations and production of survey diagrams.
f. Undertaking Cadastre Index Mapping.

8.2 Sensitization and Programme Information Dissemination

Sensitization and Dissemination of information on the Land Audit will be undertaken 
prior to the field data collection exercise. This will be done to inform members of the 
public of the data collection exercise and other issues surrounding the Land Audit 
Programme. The sensitization and dissemination will also be done to appeal for public 
cooperation.

This will be done through workshops as well as electronic and print media 
communication channels. 

The details are shown in annexure 2 component 4. 

8.3 Collection of field Data (Land Inventory)

Using the cadastre base from the NSDI the Land audit will be carried out throughout the 
country. During the implementation phase, the field work will start from Lusaka Province 
and then rolled out to other Provinces. 

The collection of attribute data will answer the where, what, why, who, when and how 
questions. Therefore the following issues will be taken into account:
1. Where is the parcel located?
2. Who owns the parcel?
3. What is the gender of the owner?
4. What is the age of the owner?
5. What is the occupation of the owner?
6. Who is using the parcel?
7. When was the parcel created?
8. When was the parcel allocated?
9. How were the land right acquired?
10. When were the land right acquired?
11. Where is the right holder?
12. How is the parcel used?
13. What is the gazetted use of the parcel?
14. Which category is the land falling in? (State or Customary Land)
15. What is the size of the parcel?
16. What are the dimensions of the parcel?
17. Was the land use changed?
18. When was the land use changed?
19. What land use was it changed from?
20. What developments are on the parcel?
21. Does the land user have permission from the owner?
22. What ownership documents does the owner have?
23. Does the owner have planning permission? (Owner to show documents)
24. Is the parcel provided with municipal services? (e.g roads, water, electricity, waste 

collection)
25. Was the parcel bought from the open market?
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26. When was it bought?
27. How much was it?

8.4 Information and Communication Technology

The information that will be generated from the Land Audit will be used to update the 
Land Information Management System.

One of the activities under this component is to ensure that the Land Information 
Management System is linked to other Government Information Systems. 

8.5 Land Dispute Resolution 

Strategies will be devised which will ensure that disputes arising from the Land Audit 
activities are amicably and efficiently resolved in collaboration with other stakeholders.

8.6 Programme Management

The Programme management Unit, the Steering Committee and Secretary to the Cabinet 
will ensure that there is efficient and effective implementation of the programme
activities within the specified time frame.

9 EXPECTED NLAPOUTPUTS

The Land Audit Programme is expected to have the following outputs:

9.1 LAND INVENTORY OUTPUTS

9.1.1 Updated and disaggregated land information
9.1.2 Country wide land use inventory
9.1.3 Statistical Reports

9.2 LAND DISPUTE RESOLUTION OUTPUTS

9.2.1 Records of disputes
9.2.2 Documented records of resolved disputes

9.3 NATIONAL SPATIAL DATA INFRASTRUCTURE OUTPUTS

9.3.1 Cadastre database for the entire country 
9.3.2 Ortho-rectified photo/ satellite imagery for the whole country 
9.3.3 GIS portal 
9.3.4 Standards for Top base, Cadastre and Geodetic Control
9.3.5 National Land Use Master Plan
9.3.6 Index map of Zambia
9.3.7 Survey Diagrams 
9.3.8 Seed Money 
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9.4 SENSITIZATION AND PROGRAMME INFORMATION DISSEMINATION 
OUTPUTS

9.4.1 Key messages on the Land Audit and other land related information
9.4.2 Sensitization workshops.
9.4.3 Sensitization materials.
9.4.4 Information Kiosks.
9.4.5 TV and radio programmes

9.5 INFORMATION AND COMMUNICATION TECHNOLOGY OUTPUTS

9.5.1 Robust Land Information Management System.
9.5.2 Linkages to other Government Information databases 
9.5.3 Statistical Reports

9.6 PROGRAMME MANAGEMENT OUTPUTS

9.6.1 Land Audit Reports.
9.6.2 Monitoring and Evaluation Reports.

10 EXPECTED LAND AUDIT PROGRAMME OUTCOMES

The overall programme outcome is improved and strengthened land administration, forestry and 

environmental management in the Country as well as accessible and up to data information 

sharing among stakeholders. 

The specific expected component outcomes at the end of programme implementation period are 

as follows:

10.1 LAND INVENTORY OUTCOMES

10.1.1 Policy formulation and efficient decision making by Government.
10.1.2 Improved revenue generation.
10.1.3 Availability of disaggregated land information

10.2 LAND DISPUTE RESOLUTION OUTCOMES

10.2.1 A reduction in land disputes.
10.2.2 Efficiency in dispute resolution

10.3 NATIONAL SPATIAL DATA INFRASTRUCTURE OUTCOMES

10.3.1 Effective and efficient access and exchange of up-to-date geo-information.
10.3.2 Policy formulation, institutional arrangements and data sharing.
10.3.3 Updated cadastre records
10.3.4 Increased revenue base

10.4 SENSITIZATION AND PROGRAMME INFORMATION DISSEMINATION 
OUTCOMES

10.4.1 Improved cooperation of stakeholders and the general public on Land Audit and 
land related issues. 
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10.5 INFORMATION AND COMMUNICATION TECHNOLOGY OUTCOMES

10.5.1 An improved Land Information Management System to support land 
administration
10.5.2 Enhanced e-governance services

10.6 PROGRAMME MANAGEMENT OUTCOMES

10.6.1 Adequately managed, equitably distributed and utilized land that promotes
sustainable socio-economic development.

11 PROGRAMME MONITORING, EVALUATION AND REPORTING 

Land Audit Monitoring Framework

Outputs Outcomes Indicator Means of 
Verification

Responsibility Risks and 
Assumption

-Updated and
disaggregated 
land 
information

-Country 
wide land use 
inventory.
-Statistical 
Reports

LAND 
INVENTORY

Outcome 1: 
Policy 
formulation 
and efficient 
decision 
making by 
Government

Data 
collection 
in all the 
provinces 

Field Reports MLNREP and 
C.S.O

Availability 
of funds

Accessibility 
to sites

Outcome 2: 
An 
improvement 
in revenue 
generation.

Increase in 
general 
revenue

Bank 
statements

Certificate of 
Title

MLNREP 
(Depts of Land 
and Deeds, 
Lands, HRA)

Non 
acceptance 
of Invitation 
to Treat

Outcome 3: 
Availability of 
disaggregated 
data 

Ability to
respond to 
various 
statistical 
queries 

Reports MLNREP 
(Depts of 
Planning, Land 
and Deeds, 
Lands, Survey)

All required 
data 
collected

Availability 
of 
Competent 
human 
resources

Output Outcome Indicator Means of 
Verification

Responsibility Risks and 
Assumption

-Records of 
disputes

LAND 
DISPUTE 
RESOLUTI

Number of 
disputes

Reports Lands,

Lands and 

Uncooperati
ve parties
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-Documented 
records of 
resolved 
disputes

ON Outcome 
1: A 
reduction in 
land disputes.

Outcome 2:

Efficiency in 
dispute 
resolution

resolved Deeds

Lands Tribunal

Output Outcome Indicator Means of 
Verificatio
n

Responsibility Risks and 
Assumption

-Cadastre 
database for 
the entire 
country 

-Ortho-
rectified 
photo/ 
satellite 
imagery for 
the whole 
country 

-GIS portal

-Standards for 
Top base, 
Cadastre and 
Geodetic 
Control

-National 
Land Use 
Master Plan

-Index map of 
Zambia

-Survey 
Diagrams 
-Seed Money 

NATIONAL 
SPATIAL 
DATA 
INFRASTRU
CTURE

Outcome 1:
Effective and 
efficient 
access and 
exchange  of 
up-to-date 
geo-
information

Number of 
geo-
information 
institutions 
accessing 
and 
exchanging 
information

Reports and 
requests 
processed

MLNREP 
(Depts of 
Survey, 
Planning and 
Information)

Functional 
Land 
Information 
System

Availability 
of geo-
information 
in accessible 
format

Outcome 2:

Policy 
formulation, 
institutional 
arrangements 
and data 
sharing.

NSDI policy 
approved

Policy 
document in 
place

MLNREP

NSDI 
Committee

Availability 
of funds

Outcome 3: 
Updated 
Cadastre
records.

Number of 
Cadastre
properties 
captured

Reports

Cadastre 
database

MLNREP 
(Dept of 
Survey)

Functional 
Land 
Information 
System

Outcome 4:
Increased 
revenue base

Number of 
surveys 
conducted

Survey 
diagrams

Reports

MLNREP 
(Dept of 
Survey)

Availability 
of  funds
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Output Outcome Indicator Means of 
Verification

Responsibility Risks and 
Assumption

-Key 
messages on 
the Land 
Audit and 
other land 
related 
information

-Sensitization 
workshops.

-Sensitization 
materials.

-Information 
Kiosks.

-TV and radio 
programmes

SENSITIZAT
ION AND 
LAND 
INFORMATI
ON 
DISSEMINA
TION

Outcome 1: 
Improved 
cooperation 
of 
stakeholders 
and the 
general 
public on 
Land Audit 
and land 
related issues

Number of 
sensitization 
workshops 
held

Number of 
adverts and 
radio/TV 
programmes 
aired

Number of 
Information 
Kiosks
established.

Reports

Brochures

MLNREP 
(Depts of 
HRA, 
Planning and 
Information)

Availability 
of  funds

Output Outcome Indicator Means of 
Verification

Responsibility Risks and 
Assumption

-Robust Land 
Information 
Management 
System.

-Linkages to 
other 
Government 
Information 
databases 

-Statistical 
Reports

INFORMAT
ION AND 
COMMUNI
CATION 
TECHNOL
OGY

Outcome 1:
An improved 
Land 
Information 
Management 
System to 
support land 
administratio
n 

Storage and 
retrieval of 
land data on 
the system.

Statistical 
data on land 
generated by 
the system.

Reports

Feedback
from internal 
and external 
users

MLNREP Availability of  
funds

Availability of 
manpower



18

Outcome 2:
Enhanced e-
governance 
services

Output Outcome Indicator Means of 
Verification

Responsibility Risks and 
Assumption

-Land Audit 
Reports.

-Monitoring
and 
Evaluation 
Reports.

PROGRAM
ME
MANAGEM
ENT

Outcome 1:
Adequately 
managed, 
equitably 
distributed 
and utilized 
land that 
promotes
sustainable 
socio-
economic 
development.

Adherence 
to service 
charter

Number of 
complaints 

Reports

Comments 
from internal 
and external 
users

MLNREP Availability 
of  funds

Availability 
of manpower

Lack of 
political will

12 REPORTING ARRANGEMENTS

The Programme management Unit headed by the Programme Manager will report to the Steering 
Committee which will be headed by the Permanent Secretary (MLNREP). The Steering 
Committee will report to the Secretary to the Cabinet who will in turn report to the President of 
the Republic of Zambia.
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13 ANNEXURE 1: TERMS OF REFERENCE

Secretary to the Cabinet

1. Advising Cabinet and the President on the implementation of the Land Audit Programme

as well as give policy directions to the Steering Committee. 

2. Undertake any other duties and responsibilities necessary to ensure the success of the 

Land Audit programmes. 

Steering Committee

1. Mobilize resources from Government or any other source for undertaking the Land Audit  

programmes

2. Review and approve the implementation plans for the two programmes.

3. Develop adjudication procedures for resolving conflicts that may arise from the 

programmes.

4. Monitor risks, quality and timelines of the programmes in order to make strategic 

decisions and address any issues that may have major implications during the 

implementation process.

5. Ensure that appropriate processes and structures are in place to guide the work of the 

programme.

6. Hold quarterly review meetings to update Secretary to Cabinet on the implementation of 

the Land Audit 

7. Undertake any other duties and responsibilities necessary to ensure the success of the 

Land Audit programmes. 

Programme management Unit

1. To serve as a programme management unit responsible for the day to day operations of 

the programme.

2. To prepare monthly, quarterly and annual reports for the programme.

3. To prepare annual budget and work plan for the programme.

4. To make recommendations to the steering committee on how best to deal with challenges 

arising from implementation of the programme.

5. Undertake any other duties and responsibilities necessary to ensure the success of the 

Land Audit programme.
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ANNEXURE 2: PROGRAMME IMPLEMENTATION PLAN AND BUDGET 

COMPONENT 1: LAND INVENTORY

2016 2017 2018

A. PREPARATORY - PILOT

No Activity ZMW 

1

Design of Land inventory  
Instruments 32,200

2

Recruitment of Supervisors and 
Enumerators 23,000

3 Training of Trainers 32,200

4

Training of Supervisors and 
Enumerators 96,240

Sub-Total

 
183,640

B. PILOT FIELD WORK

1 Field work 180,000

2 Monitoring 210,000

Sub-Total

 
390,000

C DATA PROCESSING (PILOT)

1 Design of screens 1,820

2 Training of data entry staff
 

10,370

3 Data Entry 25,000

Sub-Total

 
37,190.00 

D. 
DATA CLEANING, ANALYSIS 
AND REPORT WRITING

1 Data Cleaning 22,040.00

2
Data Analysis and Report 
writing

 
95,640

Sub-Total

 
117,680

F
PROCUREMENTS FOR THE 
PILOT 204,650

G
FUEL AND OTHER LUBRICANTS 
FOR THE PILOT

80,000

Grand Total (PILOT)
 

1,013,160
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2016 2017 2018 ZMW

FIELD WORK

A. PREPARATORY
No Activity  

1

Review of Instruments 
- ZICTA, MLNREP, CSO, Local 
Govt, etc. 69,000

2
Recruitment for Supervisors and 
Enumerators

69,000

3 Training of Trainers 46,000

4 Training of Supervisors 746,000

5 Training of Enumerators 4,200,000

Sub-Total  5,130,000 

B. FIELD WORK

1 Deployment and  Field work 40,000,000

2 Monitoring 2,040,000

Sub-Total  42,040,000 

C DATA PROCESSING

1 RE- Design of screens 7,280

2
Training of Data Entry 
Supervisors 17,066

3 Training of Data Entry Operators 189,200

4 Data Entry 340,000

Sub-Total  553,546

D. 

DATA CLEANING, 
ANALYSIS AND REPORT 
WRITING

1 Data Cleaning 35,952

2 Data Analysis and Report writing 290,560

Sub-Total  326,512 

E
SUBMISSION OF THE 
REPORT

1 Preliminary Report

2 Final Report

F
PROCUREMENT OF FIELD 
MATERIALS 2,299,500

G

FUEL, VEHICLE 
MAINTENANCE AND 
OTHER LUBRICANTS 10,600,000

Total 60,949,558
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COMPONENT 2: LAND DISPUTE RESOLUTION

Item 
# Component Activities 2016 2017 2018 2019 2020 2021

2.1 Capacity Building
10,000,000

2.3 Operational Costs
80,000,000

COMPONENT TOTAL (ZMW) 90,000,000

COMPONENT 3: NATIONAL SPATIAL DATA INFRASTRUCTURE

2015 2016 2017 ZMW
Item 

# Component Activities
Q
1

Q
2

Q
3

Q
4

Q
1

Q
2

Q
3

Q
4

Q
1

Q
2

Q
3

Q
4

3
National Spatial Data 
Infrastructure (NSDI)

3.1
Consultations with 
Consultants

3.2

Establishment  and 
measuring of Ground 
Control point and GPS 
Stations

9,000,000

3.3
Acquisition of Satellite 
Imagery 10,000,000

3.4
Undertaking of Aerial 
Photography 10,000,000

3.5 Ortho-rectification 5,000,000

3.6 Updating of Topobase 5,000,000

3.7 Printing 15,000,000

3.8 Capacity Building 17,500,000

3.9

Densification of 
Township Cadastral 
Control

3.10

Cadastral Index 
Mapping/Cadastral 
Survey 10,000,000

3.11

Development and 
updating of  Standards 
for Topobase, Cadastre 
& Geodetic Control 5,000,000

3.12
Development of 
Metadata 1,000,000

3.13
Installation of Ground 
Receiving Station 100,000,000

3.14 Installation of the IGS 1,000,000
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Receiving station

3.15

Development of 
Geospatial databases, 
Web map Services & 
GIS Portal 10,000,000

3.16

Development of NSDI 
policy and geo 
information 
institutional 
arrangement framework 1,800,000

COMPONENT TOTAL (ZMW) 200,300,000

COMPONENT 4: SENSITISATION

Component Activities 2016 2017 2018 ZMW

4.1
TV Adverts (Number of 
TV Adverts)

100,000

4.2
Radio Adverts (Number of 
Radio Adverts)

100,000

4.3
Handouts/flyers (Tonner 
and Paper)

50,000

4.4 Newspaper Adverts 50,000

4.5

Sensitization Programmes 
(On national and Private 
TV stations and National 
and community radio 
stations)

150,000

4.6
Provincial Sensitisation 
Workshops

550,000

COMPONENT TOTAL (ZMW)  1,000,000
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COMPONENT 5: INFORMATION COMMUNICATION TECHNOLOGY

2014 2015 2016 2017 2016 
2016 -
2021

ZMW

Item 
# Component Activity

5.1
System Development

4,000,000

5.2 Acquisition of 
Hardware, Software 
and Support 
Infrastructure.

2,000,000

5.3
Digitisation (Scanning)

 4,500,000

5.4
Data Cleaning

1,000,000

5.5
System Maintenance

2,000,000

5.6
Capacity Building

500,000

COMPONENT TOTAL (ZMW) 14,000,000

COMPONENT 6: PROGRAMME MANAGEMENT

2016 2017 2018 2019 2020 2021

Item # Component 
Activity

6.1
Office equipment

5,000,000

6.2
Vehicles

10,000,000

6.3
Services

1,500,000

6.4
Remuneration

20,160,000

6.5 Planning 
Workshops

1,000,000

COMPONENT TOTAL (ZMW) 37,660,000
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SUMMARY NLAPIMPLEMENTATION PLAN 2014-2021

2014 2015 2016 2017 2018
2016 -
2021

Item 
#

PROGRAMME
COMPONENT

1
Land Inventory

61,962,718

2 Land Dispute 
Resolution

90,000,000

3 National Spatial Data 
Infrastructure (NSDI)

200,300,000

4 Sensitization 1,000,000

5 Information and 
Communication 
Technology (IT)

14,000,000

6 Programme
Management

37,660,000

PROGRAMME GRAND TOTAL (ZMW) 404,922,718
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ANNEXURE 3: DETAILED SCOPE OF WORKS

During the implementation of the programme the following will be the main tasks under each 
major land category:

Settlements
• Carryout an inventory to establish land on title in customary and state land

• Carryout an inventory to determine land which is surveyed and un-surveyed in both 

customary and state land

• Carryout an inventory to establish planned and unplanned settlement in Council

boundaries 

• Collect gender disaggregated data with regards to land ownership

• Carryout an inventory to determine land which has been illegally settled upon

• Carryout an inventory to determine land which is held under Statutory and 

Improvement areas

• Carryout an inventory to determine land held on offer 

Mining Areas 
• Carryout an inventory to of Mining and surface rights for land held for mining 

activities

Agricultural Production
• Carryout an inventory of the size of land under agricultural production

• Carryout an inventory to determine land under agriculture which is unutilised

• Carryout an inventory to determine agricultural land held on offer in both customary 

and state land

Conservation and Protection Areas
• Carryout an inventory to establish the levels of encroachment in the conservation and 

protected areas 

• Carryout an inventory to establish the number of conservation and protection areas 

which have been encroached 

Way Leaves Areas-Transportation, Communication and Power line
• Carryout an inventory to determine how much land is used for way leaves-

transportation, communication and power lines across the country.

Other Lands
• Carryout an inventory to determine and establish any other usage of land in the 

country.

Sensitization
• Disseminate information on the land audit and other land related issues.
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• Mobilize all key stakeholders involved in land administration and management in the 

country and develop a common approach for data collection.

Procurement 
• Purchase satellite imagery and all the hardware and software required for the 

implementation of the programme.

Capacity Building in remote sensing and Geographic Information System (GIS)
• Train officers in order to equip them with the necessary skills needed to enable them 

perform image processing and interpretation (remote sensing skills and GIS 

operations).

Cadastral Index Mapping
• Capture cadastre information and superimpose it on imagery in a GIS environment. 

• Create all the required data layers and Geo database on which all the necessary 

analysis and product output could be performed.

National Spatial Data Infrastructure (NSDI)

• Develop a GIS Portal to facilitate access and sharing of spatial data 

Field Inspections and Audit
• Undertake physical field inspections in order to verify data/information gaps and 

collection of any other valuable data/information.

Data Entry and Processing
• Enter all data gathered from the land audit programme into a database. 

Generation of Statistics and Reporting
• Generate statistical reports with disaggregated data on land ownership, development 

and utilization patterns in the country.
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ANNEXURE 4: LAND AUDIT STEERING COMMITTEE STRUCTURE

Chairperson (Permanent 
Secretary – MLNREP)

Heads of Department – MLNREP, 
Central Statistical Office, Resettlement 
and Physical Planning, Housing 

Programme Manager
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ANNEXURE 5: LAND AUDIT PROGRAMME MANGEMENT TEAM STRUCTURE

Programme Manager

Survey Lands Lands 
and Deeds

Planning and 
Information

AccountsIT Physical 
Planning 
and 
Housing

CSO Resettlement

Support Staff
(Secretaries, drivers and Office Orderlies)
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ANNEXURE 6: IMPLEMENTATION STRATEGY

Preparatory Implementation

Level 0 Level 1 Level 2 Level 3 Level 4 Level 5 Level 6

Zambia

World 
Heritage 
sites

Customary Forests 
reserves

Urban Male Recreation

Mining 
rights 

Titled Female Industrial

Foreign Residential

Settlement/
Cadastre

Untitled Company Commercial

State Land Illegal Institution Institutional

Wetlands Rural Develop-
ed

Association Open spaces

Way leaves Undevelop
ed

Others Services

Fisheries Statutory
and
Improveme
nt Areas

Agriculture

Agricultural 
Zones
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APPENDIX D: IBENGA FARM BLOCK FEATURES OF INTEREST 
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IBENGA FARM BLOCKFEATURES OF INTEREST 

No. Feature of Interest 
Contributor 

ID 

      

1 Chieftainess Malembeka sign post 14 

2 Gondwe Turn-off 14 

3 Malembeka ground 14 

4 lyobeka Clinic sign post 7 

5 Kafubu water plant 8 

6 Ibenga 8 

7 Kwilimuna Ceremony sign post 2 

8 

Zambia Airways Control Tower (Located 

in between the Market & Ibenga Girls 

Secondary School) 

10 

9 

Check Point (Near the market & a road 

going to Chibote where leprosy patients 

live) 

10 

10 Chibote Sign Post 10 

11 Ibenga 4 

12 Chieftainess’ Palace Institutions centre 4 

13 Agriculture office 4 

14 Healthy facilities 4 

15 Farmer reports 4 

16 Trading area 4 

17 Check Points 4 

18 Local court 4 

19 Dam 4 

20 Rivers 4 

21 Bridges 4 

22 Roads 4 

23 Mission 4 
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No. Feature of Interest 
Contributor 

ID 

24 Fisheries 4 

25 Maintains 4 

26 Gravel 4 

27 Yields 4 

28 Football ground 4 

29 Chieftainess’ Sign post 14 

30 Gondwe Village turn-off 14 

31 Chipala Stream 14 

32 
Chipala stream (Near kwilimuna Primary 

School) 
7 

33 Water Tank (Near the palace) 19 

34 Chibote 12 

35 Kasamba Road 12 

36 The hill near Mfulabunga bores 12 

37 lyobeka health post 12 

38 Water tank near Chieftainess place 12 

39 

The big tree at St. Theresa’s Mission 

(Located between sisters Conevant and 

Brothers) 

19 

40 The Football Ground at St. Theresa 19 

41 Gondwe Village 20 

42 Grave of Prophet Jeremia Gondwe 20 

43 Malembeka local Court 18 

44 Kafubu Water Plant 8 

45 
Two bridges on kafulafuta river (Water 

affairs & Bride’s centre) 
3 

46 

Two bridges along chipala river (Chibote 

& Kwilimuna Primary School)’ mission 

hospital & sign post 

3 

47 Kamutamba Guest House & Billboard 3 
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No. Feature of Interest 
Contributor 

ID 

48 Checkpoint 3 

49 Kwilimuna Ceremony main arena 3 

50 Two bridges along Ibenga river 3 

51 Butikili school 3 

52 
Football pitches & schools in Ibenga 

central 
3 

53 Tubombeshe area Gendar Association ? 

54 Bus station 17 

55 Malembeka Palace 17 

56 Kafubu water and sewerage kiosks 13 

57 Kwilimuna ceremony ground 13 

58 Two bridge after Benga river and two 13 

59 
Include St. Theresa’s mission church (The 

first church in lbenga) 
19 

60 Kasambala and other cemeteries 3 

61 
MTN, Zamtel, Airtel towers near 

Kanyenda  
3 

62 Kansato bridge 13 

63 Mulilatambo bridge 13 

64 

Kafubu water pipeline that runs from 

water affairs to David Compound water 

tank via Lundumuna village 

3 

65 Tank at David village 3 

66 Lyobeka transformer 14 

67 
Kwilimuna Youth Skills Training Centre 

(Incomplete college) 
14 

68 
Kwilimuna Youth Center college along 

Miseshi road 
7 

69 Kamutamba Guest house 5 

70 Ibenga Mission hospital 5 
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No. Feature of Interest 
Contributor 

ID 

71 Ibenga Dam 1 

72 
New Kafubu water pipeline (Water 

Affairs to Chintus) 
3 

73 Kansununu bridge 9 

74 Old Mpongwe – Chinondo T-Junction 9 

75 Lyobeka Rural Health centre 9 

76 Ibenga river bridge 9 

77 Kantetya – Chinondo T-Junction 9 

78 Mukomba farm 9 

79 Musukuma farm 9 

80 Zimba farm 9 

81 St. Theresa’s hospital sign post 6 

82 Ibenga girls secondary school 6 

83 Kwilimuna primary schools 6 

84 
Kafubu water and sewerage Tank - 

Chieftainess palace area 
6 

85 Chinondo road 6 

86 Ibenga river 6 

87 Old Malembeka road 6 

88 St. Theresa’s primary football ground 6 

89 Kwilimuna Traditional Ceremony ground 6 

90 Malembeka Football ground 6 

91 Butikili primary football ground 6 

92 Malembeka Local court 6 

93 Survey mark at Kafwaka mountain 10 

94 Butikili health post (new) 5 

95 Chindo road 15 

96 

Road connecting Kansato primary and 

Chilongoshi grave yard (Crosess 

Chonondo road) 

15 
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No. Feature of Interest 
Contributor 

ID 

97 
Road leading to Mr Borniface Bwalya’s 

farm 
15 

98 Source of Ibenga river 3 

99 Ibenga farm block boundary 15 

100 Open pit mine in Abrahams village  18 

101 Liobeka Health centre 9 

102 Gondwe cemetery and shelter 18 

103 Gondwe main house 18 

104 Church at Gondwe village 6 

105 Tubombeshe organisation site 6 

106 Kafubu Water and Sewerage Kiosks 13 

107 
Kafulafuta river Pump Station (Kafubu 

Water and Sewerage) 
8 

108 
Sign post of St Theresa’s hospital on our 

map 
6 

109 Ibenga Girls secondary school 6 

110 Kwilimuna primary school singsporst 6 

111 

Kafubu water and sewerage company 

Tank (near the palace of Chieftainess 

Malembeka) 

6 

112 Chinodo Road 6 

113 Ibenga river 6 

114 Butikili road or malembeka old road 6 

115 
St Theresa’s primary school football 

ground 
6 

116 
Kwilimuna primary school football 

ground 
6 

117 Malembeka football ground 6 

118 Butikili primary school football ground 6 

119 Ibenga river source 4 

120 Lwankuni river source 4 
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No. Feature of Interest 
Contributor 

ID 

121 Chipala river source 4 

122 Mulilantambo river source 4 
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