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Abstract

Can crowdsourcing can be used as a mechanism for governance, so as to achieve
more fairness in ecosystems in the real world? To answer this question, the present
thesis focuses on a use case of an ecosystem in the mining sector of the Democratic
Republic of Congo. The stakeholders, their interests and relationships are analysed
for this ecosystem, using conceptual modeling and ontology engineering techniques,
enriched and supplemented with data from interviews with domain experts. The
analysis reveals the governance structures for this ecosystem and shows that power
imbalances - despite the introduction of a crowdsourcing platform - still negatively
impact the whole supply chain and disempower those who are at the bottom of the
supply chain. This thesis also provides a number of observations on the usefulness of
conceptual modeling and ontology methods for this case study in the DR Congo.
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1 Introducing crowdsourcing as a mechanism for fairness

Over the past few years, crowdsourcing has become an effective mechanism for the purpose
of stakeholder engagement and the collection of (digital) data. Crowdsourcing can be
described as an undefined network of individuals contributing to a digital project in a
collective, from the comfort of their homes and mostly online. Problem solving tasks that
were once assigned to company employees are now outsourced to an undefined network of
people [28, 29, 20].

In the emerging field of crowdsourcing, it can be observed that various efforts have
been made for its integration in concepts and applications such as user-generated content,
community systems, social systems and human computation [18]. Due to the problem-
solving nature of crowdsourcing, efforts in which users contribute to digital projects by
completing coordinated tasks, resulted in crowdsourcing being turned into a powerful
tool that can be utilised with the aim of solving problems concerning organisations and
society [28, 29, 20].

In the Global North, crowdsourcing has gained much popularity on account of the high
smartphone adaption and internet usage rates. Also, in less connected areas in Africa,
which is a part of the Global South, crowdsourcing has become popular. The increase in
availability of smartphones and internet in developing countries has led to an improvement
of the digital accessibility, which, in its turn, contributes to the process of the digitisation
of communities in the Global South. This trend has also positively influenced the increase
of crowdsourcing initiatives in the Global South that concern local communities in the
Global South.

Even though crowdsourcing efforts are often applied by companies in the Global North
with the intention of outsourcing business tasks to an undefined network of people, crowd-
sourcing can also be used to improve the livelihoods of underdeveloped communities in
other regions in the world. Crowdsourcing mechanisms can be used by people, for exam-
ple, by voicing their experiences to collectively and democratically influence social systems
to create a positive social impact [25, 19, 9, 21, 11].

The focus of this thesis will be on crowdsourcing in the Global South and whether it can
be used as a mechanism to influence and/or improve governance in ecosystems. Ecosystems
can be seen as “a collection of companies that work cooperatively and competitively to
satisfy customer needs” [30]. They can be found in the real world as well as in the digital
world. A few examples of real world ecosystems are the supply chain of minerals, clothes,
coffee, cacao and tea. Examples of ecosystems in the digital world include solar energy and
music ecosystems. Digital platforms, such as Facebook, Google and Netflix, are important
components of ecosystems in the digital world responsible for providing products and
services to satisfy the needs of end customers.

Although the digital platforms that operate on a worldwide scale have a distributed
nature because of the networked technologies, the decision-making structures of the digital
platforms are still centralised [26]. The profit-driven strategies implemented by platform
owners of the centralised platforms can lead to governance decisions that can negatively
affect the ecosystem as a whole. Due to the negative effects, including the reduction
of competitors, higher customer prices, lower supplier fees and unethical treatment of
workers, the centralised platforms are seen as value extractors that generate high profits.
The lack of transparency causes ecosystems to be held back from growing as a whole [26].
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Gordijn et al. [26] have introduced the concept of fair ecosystems concerning the ex-
tremely high concentration of power that (digital) ecosystems hold.

In order to research fairness of digital ecosystems in relation to governance and cen-
tralised versus decentralised decision-making in ecosystems, ontology engineering can be
made use of as a scientific method for domain conceptualisation to map knowledge and
reason about it. Governance concepts serve as an assistance for the identification of stake-
holders of the ecosystem and their goals, conflicts as well as power structures. Eventually,
new theories can be developed and conclusions can be drawn about the chosen real-world
phenomenon [1].

The present work aims to research whether crowdsourcing can be used as a mechanism
to influence and/or improve governance so as to achieve (more) fairness in ecosystems in
the real world. To investigate this I focus on the analysis of an existing use case regard-
ing the mining value chain in the Democratic Republic of Congo. It is inspired by and in
part based upon ongoing research in the CARPA crowdsourcing research project regarding
the mining value chain [7]. Accordingly, my overall research question can be formulated as:

“To what extent can crowdsourcing be used as a means to achieve fair(er)
real-world ecosystems, as exemplified in the use-case context of the mining
value chain in DR Congo?”

To answer the question of the potential value of crowdsourcing, further analytical insight
is required into how the mining value chain is structured and what its stakeholders and
their interests are. In order to analyse this in more detail I use conceptual modelling
and ontology engineering techniques to create models of the mining value chain that give
deeper insights. These models are supplemented by and enriched with data from interviews
with various experts that I carried out. From these models and empirical data I come to
conclusions and requirements regarding the potential of crowdsourcing as an influence
toward proper governance of the mining ecosystem. As an additional result, this thesis
provides a number of observations on the usefulness of conceptual modelling and ontology
methods, as they emerge from my case study in the DR Congo mining value chain.
The following sub-questions will be focused on in order to successfully answer the research
question ultimately:

• Research sub-question 1: To what extent can conceptual modeling and ontology
engineering be used as a tool to visualise existing governance structures in the mineral
ecosystem of the DRC?

• Research sub-question 2: To what extent can crowdsourcing be used as a tool to
improve the decentralised governance in the mineral ecosystem of the DRC?

This thesis is structured as follows. In Chapter 2, several forms of crowdsourcing will
be discussed. The research methods to study fairness in ecosystems will be presented in
Chapter 3. In Chapter 4, the context analyses with experts from the Global South will
be introduced. Hereafter, the conflict mineral use case will be introduced in Chapter 5.
The conceptual modeling of the conflict mineral ecosystem can be found in Chapter 6.
The application of the DECENT ontology to the conflict mineral use case is described in
Chapter 7. The discussion of the observations from the use case with respect tot the I*
model and DECENT ontology can be found in Chapter 8 and Chapter 9 is devoted to the
conclusion.
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2 Related work on crowdsourcing, platforms and digital
governance

In this chapter, examples of studies on crowdsourcing in the Global South and how this has
been used to influence governance of a social system or ecosystem will be first reviewed,
whereafter a few studies on decentralised governance in the digital space will be reviewed.

2.1 The use of crowdsourcing in various forms of influencing

There are several examples of crowdsourcing used for influencing societal issues described
in literature. Crowdsourcing has been studied in Egypt where the platform HarassMap
uses crowdsourced data to map sexual harassment incidents in Egypt by Chelsea Young [44].
Due to the fact that sexual harassment is a taboo topic in the Egyptian culture, it is not
reported to authorities most of the time. Victims of sexual harassment can report inci-
dents and share their experiences with other victims anonymously on HarassMap. The
data acquired from the platform is used to set up campaigns to educate communities on
sexual harassment. This aims to create more awareness on the subject and will lower the
cultural and institutional barriers that victims face. Also, this initiative shows that it is
significant for crowdsourcing platforms to take measurements into account for the verifica-
tion process of the information that is shared on the platform. In the case of Harassmap,
users are asked for additional information if possible, such as news reports and personal
details of the harasser, when reporting an incident. Before information is uploaded, the
information is researched by a volunteer of Harassmap. If no additional information is
added to the report, the report can still be uploaded to the platform and will be cate-
gorised under unverified reports. Due to these measurements, information on the platform
will be perceived as more accurate.

In the study of Maja Bott and Gregor Young [12], the contribution of crowdsourcing
initiatives in developing countries are described. One of the initiatives that is discussed
in the paper is the platform Ushashidi which was created in 2008 [37]. This platform is
an open-source platform that crowdsources information concerning crisis situations world-
wide. The platform enabled people to share data on the platform which was eventually
used to map the issues and report to other organisations and governments. In 2010, dur-
ing the Haiti earthquake, the platform launched an initiative called “Mission 4636” which
enabled the mapping of the crisis with the assistance of mobile communications [35]. Even
though data was acquired with the initiative, it was still a challenge to process the infor-
mation and coordinate the information with NGOs to help the victims of the earthquake.
This example shows that there are several steps missing between acquiring the data and
using the data to successfully respond to the needs of the affected population.

Another platform discussed by Maja Bott and Gregor Young [12] is Huduma which
was launched in 2011 [13]. This platform allowed Kenyan citizens to report government
related issues on education, governance, health, infrastructure, water and justice. This can
be done via SMS, email and Twitter. In this example, it becomes clear how significant
the multiple stakeholder participation is to make the crowdsourcing initiative successful.
Although citizens use the platform to report a varying range of issues, the government
must implement the platform into their operations in order for the crowdsourcing initiative
to be successful.
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2.2 Studies on decentralised digital governance

The phenomenon “value extraction” in centralised ecosystems and how it negatively im-
pacts others in the ecosystem and society as a whole is explained in detail by Gordijn
et al [26]. As a result of this matter, Gordijn et al. [26] and Kaya et al. [30] suggest
the development of decentralised ecosystems. Gordijn et al. [26] argue that extreme cen-
tralisation of governance of an ecosystem leads to all kinds of unfairness. They propose
as an alternative to introduce decentralisation (computational governance) of ecosystems
in which the “middlemen”, for example, through computational governance such as e.g.
blockchain technologies, are removed. Gordijn et al. [26] propose an additional number of
measures to create more fairness for the decentralised governance structures:

1. The involved stakeholders of the ecosystem should be included in the design process.

2. All stakeholders from the ecosystem should have an equal treatment.

3. Information used for the decision-making should be transparent and accessible by
each of the stakeholders.

4. Decisions should be made in a certain time frame.

5. Consensus should be incorporated into the decision model.

6. All stakeholders of the ecosystem should be held accountable for their actions.

However, it is not yet explained in these studies how computational governance, such
as smart contracts, can improve governance and avoid exploitation of people and value
extraction by a small group of people.

2.3 Studies on conceptual modeling, used for governance structures

In order to better understand the power relationships in an ecosystem governance, Kaya
et al. [30] proposed a method, borrowed from requirements engineering and conceptual
modeling, to model governance of ecosystems in a digital space. They proposed a model
in which the ontology for governance is formally described through the mapping of various
concepts and relationships between them. This ontology is helpful for understanding and
reasoning about different aspects of (decentralised) governance. Case studies can serve as
means to evaluate governance and reveal its power structures and possible flaws.

Since governance is a very high-level concept, more fine-grained methods are necessary
to study ecosystems in more detail. Therefore, Goal-Oriented Requirements Engineering
(GORE) can be useful, as described by Negri [22]. GORE approaches address the reasoning
behind the stakeholders and their operational goals. This can lead to the identification
of conflicts between stakeholders. One of the GORE approaches which is discussed is the
I* framework. This framework can be used to identify stakeholders and their strategic
goals. The framework uses a strategic dependency model to describe at high-level the
relationship between actors from, e.g., an ecosystem [16, 5].

2.4 Conclusion

The studies on crowdsourcing suggest that this is a mechanism for influencing real world
sourcing problems of fairness. The studies of Gordijn and Kaya on decentralised gover-
nance propose methods to design decentralised fair ecosystems as a mechanism [26, 30].
However, crowdsourcing is not considered in their approach.
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3 Methods used to study fairness in ecosystems

The goal of this research is to explore whether a bottom-up canalised digital movement
that expresses itself through crowdsourcing can positively influence the governance and
decision-making in an ecosystem to make it more fair and inclusive. In order to conduct
this explorative research and map different stakeholders and their goals in an ecosystem,
stakeholders have been interviewed first. I have therefore held semi-structured interviews
with domain experts in the field of Information and Communications Technologies for
Development (ICT4D), as my study topic is related to digital ecosystems in Africa. The
interviews were done in collaboration with another Master Information Science student
named Zoë Coenen. Due to the measurements that were taken by the Dutch government
against the Coronavirus epidemic, the interviews were conducted online via Zoom. During
each interview, one student asked the interview questions, while the other student took
notes. All the interviews were recorded and documented. In this thesis, I only give the
highlights of the interviews, which can be found in Chapter 4.

Another of the methods to analyse the ecosystem is through conceptual modeling. Con-
ceptual modeling methods are used in different branches of design science. Design science
is a creative discipline that provides the researcher with tools to design, build and reason
artefacts, such as models, technologies or algorithms [42, 27, 15]. The process of collabo-
ratively designing and evaluating an artefact can lead to better insights into an ecosystem
or a business process. I have used this in my research as well. I first looked at ontology
engineering to see if governance through crowdsourcing could be analysed using existing
ontologies. Secondly, I have built a conceptual model using the I* for a case study.

3.1 Ontology engineering

The first step of ontology engineering included looking at an existing ontology for gover-
nance to see if the instance of digital governance that the present work is focused on, e.g.
if crowdsourcing fits into existing ontologies of governance. Since the use case concerns
fair ecosystems, the DECENT ontology created by Kaya and Gordijn [30] and Gordijn et
al. [26] describes how:

• Multiple actors are acting in relationship with each other.

• Actors have different roles.

• Actors have different goals.

• Decision making is influenced by goals.

• Governance is decentralised by the value of the network.

Ontologies are used to structure and organise information from a specified domain of
knowledge [10]. Through the underlying concepts, knowledge can be described in a formal
way. This is done by analysing the objects and relations between the objects that can
be found in the specified domain. The terminology that is used to analyse the objects
and the defined relations enables knowledge reasoning, which leads to the creation of new
knowledge that can be incorporated into the domain of interest, allowing it to be reused by
others [10]. Ontology engineering which focuses on the creation of ontologies of specified
domains can be used as a method to study the structure of decentralised governance in
ecosystems.
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The DECENT ontology (see Figure 1) describes the decentralised governance decisions
of stakeholders in ecosystems in a structured way and is used in this thesis to research the
governance decisions of the ecosystem concerning conflict minerals. Governance constructs
of stakeholders within the ecosystem are described, analysed and presented. The ontology
is explained through concepts that describe the decentralised governance decisions made
in ecosystems [30]. In Fig. 1 a model is represented of the DECENT ontology. The
upper half concerns the stakeholders and the lower half describes the governance process.
The concepts and their definitions are discussed in Table 1 and Table 2. In this thesis
the DECENT ontology will provide governance concepts to evaluate governance in a real
world case study, reveal power structures and possible flaws in the given ecosystem.

Figure 1: DECENT ontology by Kaya and Gordijn [30, p. 6]
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Concept Definition

Governance construct This is an umbrella term for all DECENT
ontology concepts except for the concepts
party, group, actor and role. The gover-
nance construct also generalises concepts
such as decision-making, rule, rule set,
mechanism, policy, goal, objective and in-
centive.

Party An entity that plays a role in the ecosys-
tem with a name that makes them dis-
tinct from other parties. The party plays
at least one governance role. An example
of a party is an actor or a group.

Role Defines the position of a party in the de-
centralised governance construct. This
will also influence the decision-making in
the governance construct.

Actor An actor is a party that is responsible
for the governance construct. By making
meaningful decisions, they can positively
influence the activities in the governance
construct. Examples of an actor are multi-
nationals, mining companies, the EU gov-
ernment.

Group A group is a network of parties that have
common goals. A group can also play mul-
tiple roles in a governance construct.

Decision-making Used in the governance construct to
achieve goals. The decision-making can
be done by a single party or a group.

Rule Rules are implemented in the decen-
tralised governance construct to require,
permit or prohibit certain actions in order
to achieve set goals.

Rule set A Rule set consists of multiple rules and
can be legislation or regulation.

Table 1: DECENT ontology concepts by Kaya and Gordijn [30]
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Concept Definition

Legislation The legislation consists of rule sets that
can affect the decision-making within a
decentralised governance construct. The
government is responsible for the legisla-
tion and stakeholders of the decentralised
governance construct should comply to
these laws.

Regulation Rule sets that come from regulation do
not have a legal basis. Regulations can
be composed by anyone such as a society
or an actor.

Goal A goal is set by an actor or a group and
can be fulfilled by making strategic de-
cisions and conducting certain actions to
complete objectives.

Objective Objectives are used as measurements to
track the completion of a goal.

Policy Policies can be seen as plans that describe
how a goal is going to be achieved. A set
of mechanisms is used to implement rule
sets in order to achieve a goal.

Mechanism A mechanism influences the way objec-
tives and goals are achieved. Mechanisms
are responsible for the implementation of
a rule.

Incentive Incentives are matters that motivate ac-
tors or groups to pursue certain objectives
and goals in a decentralised governance
construct. Incentives can be positive or
negative.

Reward A positive incentive is a reward. A re-
ward is acquired by achieving objectives
and goals. This also means that given
rules were followed.

Penalty A negative incentive is a penalty. A
penalty is given if objectives and goals
are not achieved. This also means that
rules from the decentralised governance
construct were not followed.

Table 2: DECENT ontology concepts by Kaya and Gordijn continued [30]
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3.2 Conceptual modeling

In this research, conceptual modeling is used to organise and illustrate the acquired in-
formation concerning the ecosystem. By applying the DECENT ontology to a mining use
case in DR Congo, more detailed conceptual models can be designed. The conceptual
models capture different aspects of the ecosystem, which yields a better understanding of
the problem domain and solution domain [6].

Even though this research hardly covers business processes or technical specifications,
it is still possible to use conceptual modeling to organise and illustrate information, as
derived from the DECENT ontology.

For the conceptual modeling I used the I* goal-based modeling language. The I* goal-
based modeling language that has been used in the Requirement Engineering (RE) field,
can be used to model the different aspects concerning the stakeholders of the ecosystem.
The framework that is provided by the I* goal-based modeling language depicts stakehold-
ers as actors who need to collaborate to create value for the ecosystem. The goals of the
actors are analysed through their own viewpoint which will help identify the dependencies
and conflicts between the actors [16, 14]. Fig. 2 depicts the graphical representation of
the I* model.

Figure 2: I* graphical representation [14, p. 495]

In this thesis my research approach has clear similarities to Technical Action Research as
described in [43].
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4 Context analysis with experts from the Global South

In this chapter, the highlights of the conducted interviews with experts from the Global
South will be described. Due to the explorative nature of this research, interviews with
experts from the Global South allowed me to get familiar with my research topic. Different
use cases from the Global South that involved the implementation of ICT4D projects were
discussed. Insights gained from these interviews are going to contribute to a better under-
standing of governance structures and power structures in social systems and ecosystems
in the Global South. Eventually, information from these interviews assisted me with a
framework on how governance and power structures can influence the fairness in digital
ecosystems. All interviews have been audio recorded and transcribed. These interviews
were taken in March 2021, April 2021 and January 2022 and are available on demand.

4.1 Director of a local NGO from women in Nigeria

Martha Alade is the founder of the non-profit organisation Women in Technology
in Nigeria (WITIN). This non-profit organisation uses technology to empower girls and
women socio-economically in Nigeria. Martha Alade is also involved in other projects
such as teacher.ng and icamp.ng. She mentions how the Science, Technology, Engineering
and Mathematics (STEM) gap in Nigeria has influenced her to set up projects that can
bridge the STEM gap. In one of the projects set up in collaboration with Google, women
were given an online platform for their businesses. She discussed what kind of difficulties
the project team faced concerning the digital gap. She also mentioned how the federal
government tries to stimulate participation in IT. One example of a government approach
is the Digital Girls Club that consists of multiple ICT centres where girls are being trained.
The initiative by Martha to build a platform for women in Nigeria can be seen as a form
of working towards fair ecosystems.

4.2 Co-founder of a Kenyan software company

Dennis Gichangi is the co-founder of the Kenyan software company Dew Cis Solutions.
This company was founded in 2000 in Nairobi, Kenya. Dennis Gichangi is currently
the development director at the company. During this interview he addressed how IT
companies in the Global South need to focus on a business solution that is agile and can
be adapted quickly. It is significant to be involved in the market and to conduct research
on what the market needs.

4.3 Content experts on ICT4D projects in the Global South

Rob Willems is a consultant who is currently working at a company New Nexus in
the Netherlands. He is currently working on a healthcare project in Kisumu, Kenya.
Rob Willlems explained how important it is for the sustainability of ICT4D projects that
local stakeholders are also part of the governance construct. An ICT4D project in which
Rob Willems was involved concerned community health workers and HIV patients. Local
stakeholders were involved from the beginning as partners and participated in designing
and testing the app.
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Dough Specht is a chartered geographer, senior lecturer and also the director of teach-
ing and learning at the School of Media and Communication at the University of West-
minster. He has done a lot of fieldwork in the Global South on development issues. During
the interview Dough Specht emphasised the importance of considering the adverse effects
that come with implementing data-driven technology as a tool for ICT4D. One of these
adverse effects is data colonialism. Due to the fact that there are no specific data protec-
tion laws in the Global South, extracted data from this part of the world is controlled by
third parties in the Global North who are using this data to capitalise from it. The im-
plementation of data protection laws by governments in the Global South should be taken
into consideration to protect the citizens against the increasing data-driven initiatives.

Rupert Allan is a designer, project lead and researcher working in the creative and
humanitarian sectors. Engaged in interventional design and field operations since 1988,
his work has been characterised by technical improvisation in crisis environments. Rupert
Allen addressed the big challenge to connect the data with what is really happening in
the field. Also, he mentioned the fact that it is very colonial of people in the Global
North to think that we can address certain tasks better than people in the Global South.
Participation of local stakeholders can serve as the solution to bridge the gap.

4.4 Content experts on the crowdsourcing system for responsible pro-
duction in Africa

For this project I interviewed three experts that were engaged in a research to set up a
crowdsourcing app to improve the governance of conflict minerals in Africa. They were
Dr. François Lenfant, PhD student Andre Baart and PhD student Robert Bwana. The
project was funded by the Nederlandse Organisatie voor Wetenschappelijk Onderzoek
(NWO) and carried out by the University of Amsterdam (UvA) since 2018. The project
is named CARPA, and has become the central use case of this Master research project.

Dr. François Lenfant is a senior researcher at the UvA - Amsterdam Business School.
He is also involved in the CARPA project. François Lenfant discussed how ICT is a tool
that can be used in the Global South for development. The importance of the participation
and involvement of stakeholders in ICT4D projects was also emphasised. He explained
how the project aims to crowdsource data in the form of reports concerning the negative
business impacts of involving mining companies in the DRC. The platform allows users to
share reports and discuss the information with other users. Shared information includes
information about incidents, experiences, concerns and findings concerning the practices
of mining companies. Data shared on the CARPA platform is accessible by the public
and can be used by stakeholders in the mineral supply chain to further research the
addressed issues. The information shared by, e.g. local stakeholders, on the CARPA
platform will not immediately lead to the persecution of the involved companies. Instead,
it will start a dialogue which can be used to address injustices and to put pressure on
the involved parties to ameliorate the situations at the bottom of the supply chain. As
a result, companies might take actions to improve the addressed situations that affect
the local stakeholders and, therefore, improve the decentralised governance. This will also
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positively affect their corporate-social responsibility and, eventually, also their profitability
and social legitimacy [7].

André Baart was involved from 2018-2020 as a PhD student in the CARPA project.
Previously he developed the Kasadaka platform, a voice-based crowdsourcing application
for rural Mali. During his period as PhD student, he was involved with the CARPA
project. He shed light on the ideas behind the CARPA project such as the roles of
several theories, including Corporate Social Responsibility (CSR), Stakeholder theory and
the Deliberation theory. He also mentioned how several complications could slow down
the implementation and adaption of the CARPA platform. These complications are, for
instance, the need for mechanisms to mitigate the risks of identification and verification
problems or how the platform can turn into a platform full of complaints without any
resolvements. This can occur when different stakeholder groups cannot hold an equal
discussion due to stakeholders not acknowledging information shared on the platform and
the local governments not willing to step in and address the shared information.

Robert Bwana is currently a PhD student in the field of ICT4D at the University
of Amsterdam (UvA). He is currently working on the technical aspects of the CARPA
platform. During the interview he discussed the state of the art of the platform features.
The application has a live version that includes filters and multi-language support. The
beta version of the application is introduced to representatives of companies, however
a more advanced version needs to be developed in order for the companies to use the
platform. The focus is on expansion of the platform by means of a WhatsApp integration
where users can register incidents or cases. This integration will allow users to interact
with a chatbot, which is responsible for the uploading of information on the platform.
The multi-language aspect is of importance for the platform due to the fact that a large
proportion of users does not understand English. There are many users that speak, for
example, French, hence the need for a French translation. Robert Bwana also addressed
how privacy mechanisms will be implemented in the near future. These mechanisms
will allow the verification of the data on its accuracy and trustworthiness. One of these
mechanisms is setting up a moderating team that can trace phone numbers or email
addresses of the users. This will give more information on the reputability of the entity
behind the crowdsourcing post.

4.5 Takeaways from the interviews

During the conversations with the content experts, it became clear how crucial partici-
pation of local stakeholders is for the purpose of ICT4D projects in the Global South to
be successful, sustainable and most of all to achieve fairness. Many efforts to create more
fairness in, e.g. social-economic systems in the Global South, have failed as a consequence
of the lack of contextualised knowledge. There is a gap between the existing solution and
the ideal solution, which can be filled when power structures are adjusted and governance
structures are implemented correctly.
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5 Case: Mining activities in D.R Congo

In this chapter, the case study along with its context will be introduced, of a crowdsourcing
platform that aims to provide a mechanism for fairness to improve a complex value network
of African conflict mining. The name of the platform is CARPA.

5.1 Mining activities in DRC

In this thesis, the case study concerns the mining industry of the DRC. Due to the large
number of natural resources, such as gold, diamonds, copper, tin and cobalt, and the high
quantities in which they occur in the DRC, there are many mining activities taking place
in DRC. When addressing the mining industry in this thesis, it concerns the 3T which are
tin (cassiterite), tantalum (coltan) and tungsten. These artesian minerals are essential for
the technology industry. The majority of the mining activities can be found in the eastern
part of DRC. This part of the country has been afflicted by conflicts between different
armed groups from the DRC and neighbouring countries such as Rwanda, Uganda and
Burundi for decades. These armed conflicts have resulted in violence to a great extent
towards the civilians of the afflicted areas and negatively impacted the socio-economics of
these areas [40, 32].

According to Geenen [23], 90% of the mineral production and export is not registered,
which means that the majority of the mining production is not regulated by the state.
This is one of the reasons why the revenues generated by the mining companies do not
contribute to the country’s development. Due to the weak Congolese institutions and the
lack of governance in Eastern Congo, mining companies are not always transparent on
how they conduct business and how their business operations influence the involved local
communities on the social and environmental level [40, 32].

The discrepancy between the power position of the mining companies and local stake-
holders is very high, resulting in mistrust between the different parties. When looking at
matters, such as the low governance in post-conflict areas, high power position of mining
companies, corruption and high poverty rates, it becomes clear that local communities
and mining workers have little to no leverage.

5.2 Conflict minerals in the supply chain

Before 2010, an alarming number of armed groups from the DRC and neighboring coun-
tries were involved in a very conflictueus mineral trade. The armed groups profited from
the mineral trades in several ways, including the production, taxes, forced labour and
illegal exportation. The revenues from the mining business fueled the deadly Congo war
that started in the mid-90s. This conflict and its aftermath claimed more than five mil-
lion victims [33]. According to the Congolese Senate, an estimated of 1.2 billion minerals
were smuggled out of the country per year. The origins of the minerals were not ques-
tioned by other stakeholders in the supply chain such as smelters and corporations such
as multinationals [8].
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In the U.S. the Dodd-Frank act was introduced in July 2010 and contributed to reforms
that led to more transparency in the worldwide mining supply chain. The new law requires
U.S. publicly-listed companies to inspect their 3T supply chains and yearly report their due
diligence to the Securities and Exchange Commission (SEC). By doing this, these compa-
nies are stimulated to source minerals more responsible and as a result they are lowering
the chances of funding the armed conflicts in Eastern D.R.C [24]. Companies involved
had to pass the Conflict-Free Smelter Program (CSFP) or a similar credible conflict-free
system, for example the International Tin Research institute Tin Supply Chain Initiative
(iTSCi) system and the International Conference on the Great Lakes Region (ICGLR)
certification system. Even though companies were not fully prohibited by law to purchase
minerals from the DRC, the sourcing of conflict minerals could negatively impact their
company image and their ensuing revenues [33, 8, 38]. Although the Dodd-Frank act has
led to the decline of sourced conflict minerals and a decline of involved armed groups in
the mines, there is a high need for a more transparent supply chain. Next to international
and national legislation concerning the mining industry, multi-stakeholder initiatives are
also significant to make the supply chain more transparent. The governance of the supply
chain is decentralised, which is why the stakeholders can improve the governance by cre-
ating multi-stakeholder initiatives. This improves the process of making the supply chain
more transparent by addressing other aspects of the supply chain which are not targeted
by international and domestic legislation, such as child labour, labour abuse, working con-
ditions, environmental abuse and negative impacts on local communities. By acquiring
information on these matters, these stakeholders can implement better mechanisms to
improve their due diligence systems or create new ones [33].
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6 Conceptual modeling of the conflict mineral ecosystem

So as to get a better understanding of the conflict mineral ecosystem and the role of
the crowdsourcing CARPA platform in it, a conceptual workshop was organised with the
CARPA project as the central use case. On Monday January 10th 2022, Anna Bon (co-
analyser), André Baart (content expert), Hans Akkermans (co-analyser) and I gathered
(modeler) in Amsterdam for the use case analysis and conceptual modeling workshop.

As a guideline, we used the I* modeling language to identify the stakeholders and their
goals. During the workshop, we came up with a model that involved the most important
stakeholders as well as their goals and objectives. We also pinpointed several conflicting
objectives that might impact the mechanisms of the CARPA project. The model obtained
during this workshop aims to provide insights into the ecosystem of CARPA, which can
lead to improvements in the governance of the ecosystem.

Figure 3: Designing the conceptual model for the conflict minerals ecosystem
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6.1 Model CARPA workshop

The model, depicted in Fig. 4, is focused on the actors, goals and governance of the
supply chain of raw materials also known as “conflict minerals” from the DRC. During
the workshop, we analysed the different stakeholders that are part of the supply chain.

6.1.1 Stakeholders

In the middle of the model, the CARPA crowdsourcing platform is depicted as the agent
of the mechanism in the ecosystem to create more fairness. Stakeholders of the mining
supply chain are identified as an actor or a group. There is no central hierarchy in the
network, so we can see this as a decentralised network. I placed the business actors on the
left side of the model and the other actors, including the government, local communities,
workers etc, on the right side of the model.

In the model, two main stakeholder groups can be identified. On the left side of the
model, I placed the business actors, such as the investors (group), multinationals (group),
local government (actor) and local mining companies (actor). On the right side of the
model, I placed the other actors that do not directly benefit financially from the mining
supply chain, such as the EU government (actor), public in general (group), press (group),
NGOs (group), research institute UVA (actor) and the local workers (actor).

6.1.2 Observations of conflicting goals

André Baart who is a former CARPA developer and currently a ICT4D consultant, stated
during the workshop that multinationals will be seen as socially legitimate when they are
aware of their social responsibility as a company and also act according to this responsi-
bility. Resulting actions taken by these multinationals will lead to a better company image
in the short term and higher profits in the long term. In order for a company to make
profits, the company should be socially legitimate. In the model, a conflict can be seen
between the CSR, profitability and company image. This can be explained by the fact that
the three objectives are conflicting with each other on the short run, but feed each other
on the long run.

Another conflict that is pinpointed in the model is the one between the two objectives
of the CARPA platform, namely to manage the data and to acquire quality data. In order
to acquire quality data, different features should be implemented that will allow published
data to be fact checked to avoid e.g. fake news. As stated by Robert Bwana during the
interview on the 12th of January, it is possible that there will be a moderating team in the
future that can trace the posts which will give them more information on the reputability
of the entity that created the post. For now, the platform allows people to discuss the
information beneath the post. This will give people and organisations the ability to fact
check or verify the information based on their own insights.

Also, I identified a conflict between the objective of local mining companies and the
local workers. While the local companies want to generate profits and keep their costs as
low as possible, the local workers want to improve their well-being by e.g. getting higher
salaries and work equipment (improving their bargaining position).

The last conflict that is depicted in the model are the two objectives financial benefit
of the local government and protecting the local communities and workers. Local govern-
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ments have the responsibility to represent their local communities and serve them. Yet,
local governments also have their own interest, which is earning money, and can lead
to corruption in case of conflicting interests between mining companies and community
interests.

Figure 4: Stakeholder model CARPA project

Figure 5: Legend stakeholder model
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7 Applying the DECENT ontology

In this chapter, the DECENT ontology is used to describe the governance concepts within
the mining supply chain with CARPA as a use case. This will give insights on how the
governance looks like and how it should look like. Also, in the following paragraphs infor-
mation that is acquired from the expert interviews will be incorporated. The DECENT
ontology concepts and relationships will be outlined in italic.

7.1 CARPA as an agent for fairness

CARPA is an instance of an agent and has the main goal of collecting and disseminating
data concerning occurring problems/issues in the mining supply chain. This contributes
to the process of making the mining supply chain more transparent. Not only the sourcing
aspect of the supply chain is brought to light, but also other serious issues such as child
labour, labour abuse, working conditions, environmental abuse and negative impacts on
local communities can be reported. This goal is achieved by providing the stakeholders of
the mining supply chain and the general public of a platform with information regarding
the business conduct of mining companies in the Eastern DRC that can be shared and
exchanged. To track the completion of the goal, the main objective is focused on how much
traction the web application gets, which can be measured, and whether stakeholders, such
as the local mining companies, multinationals and investors are using the data acquired
from the CARPA platform for their decision-making to improve the mining supply chain.

The information gathered in CARPA is aimed to inform all actors and its transparency
is an incentive for all involved actors to implement and avoid unfairness. Hence, CARPA
can be seen as a mechanism to improve fairness and a tool for decentralised governance
in the value network.

22



7.2 Stakeholder analysis of the mining value chain in the DRC

In the following sections I will discuss the stakeholders that were identified during the
CARPA workshop and their roles in the context of the mineral supply chain. Furthermore,
I discuss the various constructs of the I* model (see Figure 4). The constructs are written
in italics.

7.2.1 International legislation and regulation of conflict minerals

The Dodd-Frank act that was introduced by the U.S. government in July 2010 has con-
tributed to making the mining supply chain more transparent from the sourcing aspect.
The legislation consisted of several rules that were adapted by listed companies that
sourced minerals from the conflict affected areas in the DRC. One rule requires companies
to annually compose a report describing their due diligence measurements that are car-
ried out in the supply chain. Another rule which is implemented requires an independent
private sector audit. These rules concern the reporting and auditing of activities of listed
companies. Companies can become Dodd-Frank compliant by implementing policies and
mechanisms in order to adhere to the rules from the Dodd-Frank act. The Dodd-Frank act
does not prohibit companies from buying from the conflict afflicted areas. If companies do
source their minerals from the conflict afflicted areas and cannot prove that these minerals
were conflict-free, no legal penalties are imposed. However, these actions can lead to a
facto boycott from the general public which will lead to a negative company image which
will, on its turn, lead to a decrease of revenues. This is in line with the goal and objectives
of the CARPA platform [33, 8].

Since the introduction of the Dodd-Frank act in July 2010, several other forms of leg-
islation and regulation have been introduced by the Congolese government, international
organisation, electronic and mining industry that also contributed to higher degree of
transparency of the process involving the mining supply chain. One of the regulations
that has been introduced is the Organisation for Economic Co-operation and Development
(OECD) in their report called Due Diligence Guidance for Responsible Supply Chains of
Minerals from Conflict-Affected and High-Risk Areas. This initiative is one of the first
multi-stakeholder initiatives that presents a due diligence framework which companies can
use to improve their corporate social responsibility which will lead to a more transparent
supply chain. The due diligence framework helps companies to identify (potential) risks
that come along with mining activities conducted in the risk afflicted areas. With this
information, companies can also conduct better research on the potential impacts and how
the identified risks can be mitigated or prevented. This process will allow companies to
acquire information that will make them compliant with the Dodd-Frank act [33, 36].

The mineral supply chain has become more transparent due to the many forms of legis-
lation and regulation concerning the mineral supply chain. This is also beneficial for the
mechanisms of the CARPA project, because information shared on the CARPA platform
can be linked easier to other information sources, which is helpful for verifying shared
information on the platform.
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7.2.2 Upstream stakeholders, legislation, regulation, incentives and penalties

In this section, the governance of upstream stakeholders will be discussed. These stake-
holders are directly involved in the mining activities in the DRC.

The local mine workers, who can be found at the bottom of the supply chain, are the
actors responsible for the extraction of minerals in the conflict afflicted areas in eastern
part of the DRC (role). As explained by Robert Koch, writer of the Congo Codes, ”in
this part of the world there are no laws, except those of supply and demand [32]”. In
the Mining Code [3], the Congolese government states that mining is only allowed in
authorised mining zones (ZEAs) by licensed mine workers. The Mining Code also describes
the minimum standards for mining operations in these zones. Due to the shortage of
operating authorised mining zones, many mining activities are conducted illegally without
any supervision from the government. Local miners that work in these illegal mines, sell
the extracted minerals to traders and licensed buying houses. The extraction of minerals
from the Congolese mines have not only been linked to corruption and armed conflicts,
but also to human rights abuses. These human rights violations, occur in the form of
systematic exploitation, unsafe working conditions, child labour, environment pollution,
forced evictions of communities and abuse, such as assaults, threats and ill-treatment [40,
32, 3].

According to a report by Amnesty National [4] concerning mining and human rights
in Katanga, many accidents are not recorded or reported in a proper manner by the
mining companies. Also, local governments, the actors, are responsible for the supervision
of mining sites and should establish mechanisms to safeguard the persons within their
jurisdiction which is one of the most important roles of the local government. One example
of those mechanisms is Service for the Assistance and Supervision of Artisanal and Small-
Scale Mining (SAESSCAM) [41]. The CARPA platform will allow, e.g., local miners to
record and report matters that otherwise would not be covered.

There are (inter)national legislation concerning the protection of human rights for the
conditions that local mine workers are in such as article 6 and article 7 of the International
Convenant on Economic, Social and Cultural Rights (ICESCR) and article 15 of the
African Charter on Human and People’s Rights (ACHPR). Also, legislation prohibiting
child labour exist, such as article 32 of the Convention on the Rights of the Child, which
states that children under the eighteen should not be exploited for economic gains and
should be protected against any harm to their development, physical or mental health [3].
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Unfortunately, the local governments do not have sufficient resources to implement mech-
anisms that will allow better governance constructs. Next to that, corruption also plays
a significant role in the sense that there are not sufficient resources available. Due to
the personal incentives of local governments, implemented rule sets that originate from
(inter)national legislation and regulation are not enforced by the local governments and
are also not adhered to by mining companies [4].

Due to the low governance from the local government, mining companies that own
mining sites are not being penalised for the violations happening at their mining sites.
Licensed buying houses do not get penalised either for buying minerals from illegal mining
sites and mining sites where many forms of violations happen. As a consequence, a
discrepancy is being created between the power position of, on the one hand, the local
mine workers and communities and, on the other hand, the mining companies operating
in the DRC. The incentives of parties involved in the upstream supply chain are not in
line with the incentives of the local mine workers and communities.

In the case of identifying human rights violations at the bottom of the mineral sup-
ply chain, NGOs play a significant role in communicating these matters to the outside
world. By advocating for underdeveloped communities, lobbying with governments and
corporations, organising field trips, conducting interviews with local stakeholders, docu-
menting human rights violations and other similar activities, NGOs are able to expose
many of the human rights violations that happens at the bottom of the supply chain,
which even led to several legal actions against multinational companies in the past [31].
Pressure from legal actions against multinationals can influence the top-down approaches
that these companies can implement.
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7.2.3 Downstream stakeholders, goals, objectives and fairness

When the minerals are extracted from the mining sites, they are sold to traders or licensed
buying houses. The minerals are then sold to smelters and refiners and once the minerals
are melted, they are exported to component producers and manufacturers that produce
the technological parts for tech companies, such as Apple, Google, Dell, Microsoft and
Tesla [31, 34]. These tech companies are described as multinationals in the model from
the CARPA workshop. Stakeholders who can be found downstream of the supply chain
are the ones that are not directly involved in the mining activities but use the extracted
minerals to create end products that are sold worldwide. These stakeholders are based
outside the DRC.

Tech companies that sell end-products to the general public can contribute to making
the supply chain more transparent. Due to the fact that the problems occur far down
in the supply chain and due to the complex supply chain, technology companies have
a hard time finding out what really happens at the bottom of their supply chain. For
multinationals, it is important to be aware of what happens before the smelting process
of the minerals. Once the minerals are melted, it becomes nearly impossible to trace the
sources of the minerals [34, 17]. As described by the OECD Due Diligence Guidance, tech
companies only have to review the due diligence of the smelters they conduct business
with [36]. Even though legislation is difficult to implement, companies can use regulations
to force smelting companies to make the due diligence process transparent for downstream
stakeholders in the supply chain. Rule sets that also consist of rewards and penalties can
be implemented if smelter companies do not adhere to the rule sets. A reward can be
given to these smelter companies in case they are compliant to the regulations set by
downstream stakeholders such as tech companies and a penalty can be given to down-
stream stakeholders, which ensures that they are not allowed to purchase until they are
compliant to the rules. The downstream stakeholders will fulfill a monitoring role towards
the upstream stakeholders [39, 2]. The information that will be available on the CARPA
platform can help the downstream stakeholders to influence through information sharing
and reporting the general decision-making according to their own objectives and goals to
make the supply chain more transparent.

Even though there is not much information available concerning investors in the down-
stream of the supply chain, it is important to note that they are an important stakeholder
that can also contribute to the process of making the supply chain more transparent.
Investors will benefit from social responsible investments, because these investments will
decrease the risk of lower returns on investments, meaning that investors have the in-
centive to conduct due diligence. The goal of investors is to acquire as much as possible
returns on their investments without to many risks. During the CARPA workshop, André
Baart mentioned that the decision-making of investing companies are influenced by, for
instance, advisory reports including financial analyses about the risks and benefits from
a corporate social responsible perspective. He also mentioned that investment companies
purchase reports from parties, such as Rap Risk and Sustainalytics, that concern the busi-
ness conduct of stock market listed companies. Based on data that can be found on the
internet on scandals, a risk factor is assigned to these companies which is used by investing
companies for their decision-making.
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Although the mining ecosystem has a decentralised governance, a discrepancy can be
found between the power relations of the involved stakeholders. Due to this discrepancy,
it becomes difficult to enforce law and regulations within the ecosystem, which can be
detrimental for the stakeholders at the bottom of the supply chain. The CARPA platform
can be used as a mechanism to create more fairness in the value network, however the
question remains: are the upstream and downstream stakeholders willing to create more
fairness in the ecosystem by, for example, working on the issues that are pointed out by
the local communities and local workers on a crowdsourcing platform such as CARPA?
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8 Discussion

In the chapter I will discuss the derived observations from applying the case study to the
DECENT ontology.

8.1 Observations on the case study

By breaking down the governance constructs for the different stakeholders of the value
chain of the DRC, it becomes clear how each stakeholder is involved in the decentralised
governance of the ecosystem and how that can negatively contribute to the supply chain,
where the stakeholders at the bottom of the supply chain are the most impacted ones.
From the information derived from the descriptions of the governance constructs of the
upstream stakeholders, the fact that local governments can play a significant role by
regulating the mining industry in the DRC comes to light. This can only be done if the
Congolese government implements legislation that addresses the issues happening at the
bottom of the supply chain and also enforces the legislation by, for instance, rewarding
e.g. mining companies in case of compliance or penalising when they are not compliant
with the law. This will not solely ameliorate the protection of their citizens against human
rights violations, but also improve their governance concerning the mining sector. In order
for the local authorities to accomplish this, they will have to work on other matters that
contribute to issues happening at the bottom of the supply such as the lack of experienced
government officials, poor resource allocation and corruption. A better governance of the
mining industry can also lead to higher revenues for the government which they can use
to invest in the mining industry and other sectors.

8.2 Observations on the I* model

The application of the DECENT ontology on the downstream stakeholders of the mineral
supply chain has shown how the different stakeholders can influence each other by holding
each other accountable for failing to implement mechanisms that will contribute to the
due diligence concerning the violations that occur at the bottom of the supply chain.
The further away the stakeholders are from the bottom of the supply chain, the more
complicated it becomes for the downstream stakeholders to implement due diligence that
will directly help solving the issues that occur at the bottom of the supply chain. The lack
of information on the issues that are happening and who is responsible for solving them
complexifies the process of making the mining ecosystem fair and decentralised.

8.3 Observations on the DECENT ontology

Due to the fact that the mineral supply chain of the DRC is currently not transparent and
I have not been able to meet the stakeholders in DR Congo, describing the governance
concepts and reasoning over these concepts can be a difficult task. Next to available
information on the internet, books and insights from experts, I also had to speculate and
make suggestions for future actions from the stakeholders. This was possible because
of the clear descriptions of the governance concepts from the DECENT ontology. The
DECENT ontology has a wide range of governance concepts that enabled me to address the
governance in the ecosystems from different stakeholder perspectives, how their governance
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decisions influence each other and the ecosystem as a whole. The DECENT ontology also
assisted with identifying goals and conflicts between the stakeholders and what should be
done in order to create more fairness in the decentralised ecosystem.

Even though the DECENT ontology can help with addressing the governance in a value
network, the ontology still has shown some limitations. During my research, I discovered
that the DECENT ontology does not take matters, such as norms and values, trust, en-
forcement of law and regulation of different stakeholders in the value network into consid-
eration and does not treat them as governance constructs, which can assist with explaining
the power relations between the different stakeholders and the governance concepts. De-
spite the wide range of governance concepts in the DECENT ontology, an expansion of the
DECENT ontology is needed in order for it to be applied to other case studies. Therefore,
I propose that new governance concepts can be added to the DECENT ontology. The
concept mechanism can be seen as a black box which can be unpacked by means of adding
new governance concepts. This suggestion can be further investigated in the future. In
my case study, a significant discrepancy can be found in the power relations between the
different stakeholders in the value network. As a result of this matter, fairness in the
mining ecosystem of the DRC cannot be easily achieved with decentralised governance.

29



9 Conclusion

In this chapter I will discuss what I have learned from this research by answering the
research questions briefly.

The first research sub-question that I investigated is “To what extent can concep-
tual modeling and ontology engineering be used as a tool to visualise existing
governance structures in the mineral ecosystem of the DRC?”.
The answer to this sub-question is that the I* conceptual modeling language aided in
visualising the existing governance structures in the mineral ecosystem of the DRC. The
derived model provided me with a conceptualised reality of the mineral ecosystem that
helped me with identifying the important stakeholders along with their goals and conflicts.
Also, the use of the conceptual modeling language enabled me to apply the DECENT on-
tology to the case of the DRC in a concise way. The DECENT ontology aided with
addressing the governance concepts in the mining ecosystem, but the ontology still has
its limitations. Matters such as norms and values, enforcement of law and regulation of
different stakeholders in the value network and trust, are not taken into consideration,
however they can be useful for explaining the power relations between the different stake-
holders and the governance concepts. The governance concepts of the DECENT ontology
need to be expanded in order to apply the ontology to other industries and describe the
governance concepts in-depth.

The second research sub-question that I investigated is “To what extent can crowd-
sourcing be used as a tool to improve the decentralised governance in the min-
eral ecosystem of the DRC?”.
After analysing the outcomes of the DECENT ontology on the conflict mineral use case
of the DRC, I came to the conclusion that crowdsourcing platforms such as the CARPA
platform are now not impactful enough to be used as a decentralised governance tool to
create more fairness to the mineral ecosystem of the DRC. During this study I discovered
that even though the upstream and downstream stakeholders can contribute to the pro-
cess of creating more fairness in the ecosystem, the Congolese government should take full
responsibility of the mineral sector in the DRC, because it will lead to more compliant
stakeholders and more fairness in the ecosystem.

The research question that was central in this thesis is “To what extent can crowd-
sourcing be used as a means to achieve fair(er) real-world ecosystems, as
exemplified in the use-case context of the mining value chain in DR Congo?”.
Eventually, I came to the conclusion that in order to use crowdsourcing platforms, such as
the CARPA platform, as a governance tool in the mineral ecosystem, many adjustments
have to be made to the existing governance in the mining ecosystem to create more fair-
ness in the decentralised ecosystem. The discrepancy between the different power relations
of the stakeholders in the mineral ecosystem slows down the adaption of crowdsourcing
platforms. Multi-stakeholder initiatives can be a solution to address problems that con-
cern different stakeholders from the decentralised ecosystem. A crowdsourcing platform
can be successful as a governance tool to create more fairness in the ecosystem when
the governance constructs are better implemented and when upstream and downstream
stakeholders join multi-stakeholder initiatives.
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