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1.1 Introduction

Major challenges facing humanity include climate change, inequality, poverty, conflict, lack of access to
shelter, water, food and nutrition, medication, and sanitation. Among others, these sustainability issues are
frequently mentioned in the literature (Katundu, 2019; Rieckmann, 2012; Wiek et al., 2011).

In addition to the scientific literature, international organizations such as the United Nations identify these
problems as global challenges that need to be addressed through international efforts. Preparation of the UN
sustainable development goals (SDGs) is an important indication of these efforts. The SDGs address social,
environmental, and economic issues, including strengthening peace and justice and addressing poverty,
inequality, climate change, and sustainable consumption. The 17 goals and their 169 targets are universal and
are intended to achieve sustainable development by 2030 (United Nations, 2015).

Another major international initiative is the Paris Agreement. It is intended to prevent climate change by
keeping global warming below 2°C, as doing so is believed to facilitate the achievement of the SDGs.

Though the major global challenges have been acknowledged, and international initiatives have been put in
place, the progress toward addressing the challenges is not promising. The United Nations Environment
Programme Emissions Gap Report (2020) states, “A dramatic strengthening of ambition is needed if the Paris
Agreement goals are to be achieved.” The report specifically states that “...countries must collectively increase
their NDC (i.e., Nationally Determined Contributions) ambitions threefold to get on track to a 2°C goal and
more than fivefold to get on track to the 1.5°C goal” (p.XI).

Recently, the United Nations (2020) published its sustainable development goals progress report. The report
states: “One third of the way into our SDG journey, the world is not on track to achieve the global Goals by
2030.” It also explains the impacts of the COVID-19 pandemic on the achievement of the SDGs: “The pandemic
abruptly disrupted implementation toward many of the SDGs and, in some cases, turned back decades of
progress.” (p.3). In the five years since they were set, the progress toward achieving both the Paris Agreement
goals and the SDGs indicates that a lot more remains to be done, that unforeseen factors (e.g., the Covid-19
pandemic) can affect the achievement of global sustainability initiatives, and that the commitment and
contribution of each country is crucial.

Sustainability-related challenges require the efforts of all stakeholders, international and national
organizations, companies, and individual citizens. The issue of lack of sustainable development is complex
and related to several factors, which include greed (Dhiman, 2018) and lack of political will (Happaerts, 2012;
Sneddon et al., 2006). Thus, addressing all the factors contributing to unsustainability at once is difficult.
Therefore, in this dissertation, the focus is on addressing sustainable development from the point of view of
competence. Specifically, the dissertation focuses on identifying and enhancing the competencies of
individuals in corporations, academia, governmental, and non-governmental organizations in order to boost
contributions toward a more sustainable future.

Among others, the sustainability-related attitude and commitment of decision-makers at different levels is
important in order to initiate and implement initiatives and facilitate efforts to move toward a more
sustainable world. On his first day in office, recently sworn-in President of the United States of America Joe
Biden signed an executive order to have the United States re-enter the Paris Agreement from which his
predecessor withdrew the United States in 2017.

The scientific literature and international initiatives such as the SDGs recognize that certain competencies are
required to facilitate the effort toward a more sustainable future where the social, environmental, and
economic needs of current and future generations could be met. These are sustainability competencies (SCs)
consisting of integrated knowledge, skills, and attitudes. In this regard, education has the potential to equip
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students - future sustainability change agents - with SCs to prevent further damage. Several authors note that
in response to global sustainability challenges, an increasing number of sustainability-related programs are
emerging in higher education systems of different countries. For instance, the works of Brundiers et al. (2020),
Salovaara et al. (2020), and Wiek et al. (2011) focus on competencies required in the higher education programs
on sustainability. Despite the large number of education programs on sustainability, a recent international
study by Leal Filho et al. (2019) showed that “only 43% [of the respondents] indicated that their university
has made the strategic decision to embed the SDGs in their curriculum” (p.290). This could affect the potential
contribution of the higher education sector in the effort to achieve the SDGs. Furthermore, this finding
suggests the need to step up efforts to prepare sustainability change agents equipped with relevant
competencies to help them deal with global sustainability challenges such as the ones addressed in the SDGs.

Though all students at different levels should be aware of sustainability issues, the focus on higher education
seems appropriate. A possible reason is that students of higher education are getting prepared to join the
world of work after their graduation. As such, the SCs they develop could be utilized within a relatively
shorter period. Accordingly, in this dissertation, the focus is on higher education.

To contribute to sustainable development, SCs of change agents (the concept of change agents will be
discussed in Section 1.2) need to be enhanced, mainly through education intended for this purpose.
Traditional learning approaches confined in classrooms and dominated by lectures, aimed at knowledge
transfer instead of knowledge construction, give limited opportunities for learners to meaningfully engage in
the learning process. Hence, these learning approaches are less relevant in fostering SCs. Lozano et al. (2019)
questioned the relevance of traditional learning approaches in fostering SCs, as they note that the lecture
method is one of the “least effective ways to develop sustainability competences” (p.8).

This dissertation presents the results of studies into the identification of competencies required for sustainable
development and learning approaches to support the development of these competencies.

In the SCs literature, little is known whether different socioeconomic contexts, such as those with collectivist
cultures, require a different set of SCs. This gap is more significant in the base of the pyramid (BoP) contexts
(see Section 1.4).

The discourses in the SCs literature are not comprehensive enough to include perspectives such as indigenous
knowledge (IK), worldviews, and non-Western contexts (Rieckmann, 2012; Sterling et al., 2017). A similar
limitation is also observed in major global initiatives. For instance, Cummings et al. (2018) indicated that
during the preparation of the SDGs, Western countries, excluding IK, determined what the SDGs should be.
While there could be lessons from non-Western contexts, for instance, indigenous communities’” harmony
with nature, the knowledge gap regarding SCs from these contexts has limited the potential lessons such
contexts could offer.

To address the limitations of excluding potential lessons from different contexts, the studies in this
dissertation built on the Western literature and complemented these with less explored insights from the BoP
context. Accordingly, the empirical studies of this dissertation were conducted in Ethiopia.

1.2 Sustainability change agents

There are different views of who sustainability change agents are. For instance, Wals (2014) considered the
university community to be sustainable development change agents, saying, “some initiatives can be observed
where universities are providing resources for members of the wider university community who can be
considered SD[sustainable development]-change agents...” (p.12). Explaining who in an organization can be
considered a change agent, Mohamad et al. (2021) note that “change agents are those who could initiate and
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promote change regardless of their position in the organization.” Hesselbarth and Schaltegger (2014) also
support the idea that a person “on all levels internal or external of an organization” can be a sustainability
change agent regardless of their position (p.26).

Daneri et al. (2015) note that students can be sustainability change agents while still in the learning process.
This approach, according to the authors, can involve students to facilitate addressing sustainability issues and
can be achieved through certain learning approaches, including “project-based learning, trans academic
research, and internships.” (p.14).

In this dissertation, it is argued that higher education students of any field should be considered as future
sustainability change agents. From the complex nature of sustainable development issues, it seems that
attaching the sustainability change agent title only to those professionals or students whose job titles or fields
of study are explicitly related to sustainability may give the wrong impression that only those people should
be concerned with sustainability issues. The decisions and actions of different professionals directly or
indirectly contribute to (un)sustainability. Therefore, it would be helpful to equip higher education students
of all fields with SCs. Doing so may contribute to making students sensitive to sustainability issues in their
decisions and actions whatever their professions are going to be. Educating students of all fields to become
sustainability change agents is important to speed up the progress toward achieving the SDGs, for which the
world is not on track, according to the recent report mentioned above.

1.3 The Ethiopian context

As explained earlier, most research on SCs focuses on Western contexts, and there is limited knowledge
regarding SCs in the context of the global south. To address this gap, the empirical studies in this dissertation
were conducted in the Ethiopian context. Hence, a brief introduction of the distinct historical, cultural, and
educational identity of Ethiopia is given below.

Ethiopia is one of the oldest countries in the world, with “3000 years of uninterrupted and recorded history”
(Woldeyes, 2017, p. 125). It was never colonized; it kept its independence fighting off colonial forces (Kebede,
2006; Work, 1935). Regarding education, Ethiopia has an indigenous education system established and
implemented by the Ethiopian Orthodox Tewahedo Church. The church was established in the fourth century
(Pankhurst, 1974).

The country’s ancient literary heritage is also noteworthy: “Among the very few languages of the world into
which the Bible was translated during the first six centuries A.D., two were African languages, namely, Coptic,
the old language of Egypt, and Ethiopic or Ge'ez, the classical language of Ethiopia.” (Mikre-Sellassie, 2000,
p. 302). Numerous Ethiopian manuscripts in Ge’ez (and to a limited extent in Amharic) are kept in different
countries. The Ethiopian collection of the British Library and the Ethiopic Manuscript Collections of the
Princeton University library are notable (British Library, 1973; Princeton University Library, 2008).
Furthermore, several universities in different parts of the world offer courses related to the Ge’ez language
(Appendix I). Another remarkable point about Ethiopia is that it has its own calendar and alphabet called
Fidel (¢£4). Even today, these are used for official and social purposes.

In addition to the above points, a brief overview of the socioeconomic features of Ethiopia helps to
demonstrate the relevance of the sustainability competence topic in the study context. According to the World
Bank (2021), with more than 112 million people, Ethiopia is the second most populous country in Africa.

In this dissertation, Ethiopia was taken as a BoP country, not as a representative of all other BoP environments,
but because it has the features of the BoP context and it experiences severe impacts of climate change-induced
drought (FDRE, 2011). In addition, the country contributes to sustainability efforts at national and
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international levels. For instance, Ethiopia played a leadership role to unite African nations around common
positions for climate negotiations of COP15 in Copenhagen (Endalew & Craft, 2016; Roger & Belliethathan,
2016). It also had a significant role in preparing the African position for the Paris Agreement (Chin-Yee, 2016).
Furthermore, in 2016, Ethiopia prepared its second Growth and Transformation Plan. Among the basis for
this five-year plan are the Sustainable Development Goals of the United Nations (NPC, 2016). The Ethiopian
context was selected for this study for the above reasons.

1.4 Base of the pyramid context

The BoP context has unique socioeconomic features that set it apart from Western environments where most
of the research on SCs took place. These features are the reason to expect the need for a different set of SCs
than those required in Western contexts. Furthermore, the limited knowledge regarding SCs required in this
context motivated this study to focus on the BoP context.

The BoP context refers to socioeconomic characteristics of mainly developing countries, such as low income,
larger rural population, and limited infrastructure (Goyal et al., 2016; Halme et al., 2015; Prahalad et al., 2012;
Prahalad & Hart, 2002). Based on these features, in this dissertation, the BoP context is defined as “an
environment where a significant proportion of people with low income and limited infrastructure live mainly
in rural regions of developing countries.”

As the “Western” and/or “Eurocentric” context is far from homogenous, it is important to explain how these
terms are used in this dissertation. The terms are intended to represent non-BoP contexts with the meaning
explained by Schepen and Graness (2019) as follows:

“"Western’ denotes Europe and Anglophone North America, while ‘non-Western’ refers to all other parts of
the world, today also called the ‘Global South’. We are quite aware that such a usage is a reduction of the
enormous heterogeneity of the ‘non-Western” world in respect to culture, religion, history, language, and, of
course, the history of ideas. At the same time, it is a reduction of the “West” as well.” (p.1)

1.5 Competence

This dissertation focuses on the need to define the competencies that help sustainability change agents
facilitate efforts toward a more sustainable future. Hence, this section discusses the concept of competence.

Approaches to competence can be categorized into behaviorist, generic, and comprehensive (Sturing et al.,
2011). The first one which is based on behaviorist theories is said to be a task-oriented approach. It considers
competence as a list of isolated job performance-related behavioral elements which are based on specific job
descriptions required to perform a given task. The approach has limitations including failure to recognize the
importance of context. From this emerged a generic approach that considered competence as a general and
context-neutral concept and which focused on the personal characteristics of performers. A main criticism of
this approach was that it ignored domain specificity of expertise and undermined the importance of context.

Because of the limitations of the behaviorist and the generic approaches, a comprehensive approach emerged.
Rather than focusing on knowledge, skills, and attitudes in isolation, this approach focused on their
integration. The approach also recognizes that competence is situation-dependent (Le Deist & Winterton,
2005; Wesselink et al., 2015). In addition to knowledge, skills, and attitudes, some authors specifically mention
values as components of competence. Lambrechts et al. (2013, p. 65) state, “Competences integrate knowledge,
skills, values, and attitudes.” In this dissertation, the comprehensive approach and a related definition of the
concept of competence are used - that is, integrated skills, knowledge, and attitudes to perform a task (Miller,
1990; Shavelson, 2013) and to solve a problem in specific real-life situations (Mulder, 2014; Wiek et al., 2011).
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The competence framework has also been addressed from the point of view of what the unknown future
requires. In this regard, Mulder (2019) emphasizes the importance of future-oriented competence, “not only
for being able to function in tomorrow’s society and to cope with the challenges ahead but also for shaping
that society”. The relevance of this dissertation to the future-oriented competence framework is further
elaborated in the discussion section.

Among the important aspects of competence is its relationship with performance. As competence cannot be
directly assessed; it is inferred from performance in real-life equivalent situations (Shavelson, 2013). Another
key feature of competence is that it is context-specific (Mulder, 2014). This context-specificity characteristic of
competence is among the reasons that motivated the studies in this dissertation to explore whether the BoP
context requires a different set of SCs.

1.6 Identifying and fostering sustainability competencies

1.6.1 Sustainability competencies

In this dissertation, sustainability and sustainable development are used interchangeably. The importance of
SCs for sustainability change agents to contribute to a more socially, environmentally, and economically
sustainable future is recognized in the literature. Several studies have explored competencies relevant to
sustainable development. Wiek et al. (2011)did a literature review on key SCs, which is the most frequently
cited study on SCs to date. The authors defined SCs as “...complexes of knowledge, skills, and attitudes that
enable successful task performance and problem-solving concerning real-world sustainability problems,
challenges, and opportunities.” (p.204). Osagie et al. (2014)explored individual competencies required in the
context of corporate social responsibility.

While there seems to be an agreement in terms of what SCs are relevant to deal with sustainability issues,
different ways of conceptualizing SCs are observed in the literature. For instance, Lozano et al. (2019) saw SCs
as “desired educational outcomes” (p.2). However, Wiek et al. (2011) state that they “differentiate
competencies from learning outcomes—the former being fairly abstract and therefore in need of translation
into specific learning outcomes to be operational” (p.204).

1.6.2 Fostering sustainability competencies

The crucial role of higher education in fostering SCs is recognized (Brundiers et al., 2020; Lozano et al., 2019).
Rieckmann (2012) states that the role of universities includes “generating new knowledge, contributing to the
development of appropriate competencies, and raising sustainability awareness” (p.127). Wiek et al. (2011)
characterize global sustainability challenges as, among other things, complex and urgent and indicate that the
sustainability education field plays a role in dealing with these challenges (p.203).

To enhance their contribution, developing SCs of (future) change agents is important. In this regard, learning
from and utilizing diverse worldviews helps change agents to realize the complex nature of sustainability
issues and prepare them to better deal with the issues. For instance, Gordon et al. (2019) note, “Drawing on
diverse forms of knowledge and know-how increases the likelihood that sustainability science can deliver
solutions that address real-world challenges” (p.648). However, research into utilizing IK and integrating it
with modern education is limited. Western worldviews and learning approaches dominate the literature on
education for sustainable development. Hence, little is known about the potential contribution of other
worldviews and pedagogies from different contexts. Chapter 3 of this dissertation reports the results of a
study into the importance of utilizing various worldviews, pedagogies, and IK to enhance the SCs of students.
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Another important issue several studies have noted regarding education for sustainable development is the
role of traditional versus innovative learning approaches. Traditional learning approaches are typically
detached from the real world and confined in classrooms where the teacher dominates. Such learning
environments are mainly aimed at knowledge transfer and limit opportunities for students to engage in
learning processes aimed at knowledge construction. This reduces the functions of learners to that of
knowledge receivers from teachers in a form of lectures. Hence, traditional learning strategies are less relevant
to foster SCs. Figueird and Raufflet (2015) question the appropriateness of these learning approaches in the
context of developing SCs, as they do not facilitate meaningful engagement of learners in the learning process.

Innovative learning approaches that facilitate the collaboration and meaningful engagement of learners are
important in the effort to foster SCs of learners to help them deal with global sustainability challenges.
Dziubaniuk and Nyholm (2020) conclude that active learning approaches such as collaborative learning are
effective in sustainability-related education. (p.193). Similarly, Vare et al. (2019) emphasize the importance of
learning approaches that utilize authentic environments and engage learners and help them to collaborate.
This facilitates appreciation of the complex nature of systems, an important aspect of SCs (for more details,
see the discussion on systems thinking competence in Chapter 4).

1.7 The knowledge gap and the research questions

Sustainability issues are global and complex. Societies, the environment, and the economy in countries with
different socioeconomic features are affected by a lack of sustainability. Hence, addressing these global issues
requires open-mindedness to appreciate the potential contribution of concerted efforts of stakeholders with
different worldviews and ways of knowing (Gordon et al., 2019).

Recognition of the need to equip (future) sustainability change agents with relevant knowledge, skills, and
attitudes has stimulated research into identifying competencies required to facilitate their endeavors toward
more sustainability (Barth et al., 2005; Brundiers et al., 2020; Rieckmann, 2012; Wiek et al., 2011). However,
the efforts to identify key SCs and foster them are predominantly Eurocentric in focus. Recently, Brundiers et
al. (2020) studied whether there is agreement on what SCs are relevant, taking the work of Wiek et al. (2011)
as a reference framework. Brundiers et al. (2020) indicated that exclusion of non-Western perspectives related
to SCs is a limitation of the SCs discourse in the work of Wiek et al. (2011). Hence, it is unclear if non-Western
contexts with different socioeconomic features (such as low per capita income, limited infrastructure, and
rural population) require a different set of SCs. Research into this area is ongoing (Brundiers et al., 2020). One
of the reasons to conduct the studies in this dissertation is to partially address this gap.

A major purpose of identifying important SCs is to equip (future) sustainability change agents with these
competencies through education. This helps to determine the combinations of knowledge, skills, and attitudes
that pertinent education programs need to focus on when preparing students (future change agents). In this
regard, the contribution of utilizing IK different from the dominant Western approaches in enhancing SCs
remains unclear (Breidlid, 2009; Grosseck et al., 2019). Furthermore, studies on the contribution of
implementing multiple learning approaches in authentic learning environments in fostering SCs such as
systems thinking competence are lacking. These gaps are the other reasons that necessitated the studies in the
dissertation to contribute to the education for sustainable development discourse.

Hence, the dissertation shows the importance of creating space for diverse worldviews, ways of knowing, and
real-world learning environments guided by the following two overarching research questions and their sub-
questions:
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1. What sustainability competencies are required for a base of the pyramid (in this case Ethiopian)
context to contribute toward a more sustainable world?

1.1 To what extent are the sustainability competencies that are identified in non-base of the
pyramid contexts relevant in a base of the pyramid context as well?

1.2 What competencies are relevant for sustainability professionals in a base of the pyramid
context?

2. How can relevant sustainability competencies be fostered in higher education students as
future sustainability change agents?

2.1 What indigenous knowledge can be utilized to enhance the sustainability competencies of
higher education students?

2.2 How can indigenous knowledge be included in modern higher education systems to enhance
sustainability competencies?

2.3 What learning approaches foster sustainability competencies in higher education?
2.4 To what extent does the use of a combined set of learning strategies, (i.e., collaborative

learning, field trips, mobile learning/paper-and-pencil approach) in an authentic context enable
fostering systems thinking competence?

1.8 Research designs and methods

The empirical studies in this dissertation that follow this general introduction chapter are interrelated. They
focus on two issues - identification of SCs and fostering such competencies in higher education students.
Chapter 2 addressed the first research question (“What sustainability competencies are required for a BoP
context to contribute toward a more sustainable world?”) and its sub-questions. The chapter indicates that
previous studies on competencies that (future) sustainability change agents need to effectively contribute to
sustainable development are predominantly Eurocentric. It discusses the need to examine whether BoP
contexts call for a different set of SCs than those identified in Eurocentric contexts. As indicated in Section 1.7,
little is known whether different contexts with different socioeconomic features require different sets of SCs.
For this purpose, a Delphi study was conducted in Chapter 2. This study built on the dominant (Eurocentric)
perspectives by taking SCs from mainly this context as a starting point. Then, the study complemented these
with less explored insights from Ethiopia, a country with features of the BoP context. Ethiopian experts in
sustainable development from academia, the public sector, the private sector, and non-government
organizations participated in the study.

The studies in Chapters 3 and 4 were conducted to explore how SCs can be developed in students using
various worldviews and authentic learning contexts. As such, the chapters dealt with the second research
question (“How can relevant sustainability competencies be fostered in higher education students — future
sustainability change agents?”) and its sub-questions. Chapter 3 answered sub-questions 2.1 to 2.3 regarding
the importance of utilizing diverse worldviews and IK, learning approaches, and other learning environments
in education for sustainable development, focusing on enhancing SCs, such as the ones identified in Chapter
2. The chapter indicates that IK can be used to develop the competencies of higher education students. It also
presents pedagogies in the modern education system that are relevant in enhancing SCs and possible ways of
integrating IK with modern education, all aimed at fostering SCs of learners.

The study in Chapter 3 was conducted using a qualitative design. Experts qualified in sustainable
development and education contributed by participating in focus group discussions and responding to open-

18



ended questionnaire items. The findings, which suggest the need to include content from IK of different
Ethiopian communities, were emphasized. Particularly, the integrated soil and water conservation practice of
the Konso people and other sustainability-related contents from different societies were recommended to be
explored and utilized. Furthermore, the importance of utilizing lessons from the indigenous Ethiopian
Orthodox Tewahedo Church education system (i.e., valuing and using local content, languages, and scholars)
to make the education for sustainable development more relevant to the Ethiopian context was underscored.

Chapter 4 addresses research sub-question 2.4 by exploring the contribution of simultaneously implementing
a combined set of innovative learning approaches in real-world settings to foster one of the SCs, i.e. systems
thinking competence. When important SCs were identified in Chapter 2, systems thinking competence gained
the highest rating of experts. The study in Chapter 4 was conducted using a pre-test/post-test exploratory
experimental design. This design involved students of the Bachelor of Arts program in Geography and
Environmental Studies. The chapter explored the effectiveness of the combined use of collaborative learning,
field trips, and mobile learning (these were recommended in Chapter 3) in real-world contexts to foster
participants” systems thinking competence.

Chapter 5 presents and discusses a summary of the key findings and conclusions of the studies in Chapters 2
to 4. It also describes the implications of the major findings for SCs and education for sustainable development
theories and practice. This final chapter also indicates the limitations of the studies in this dissertation and
calls for future research to address them.

Figure 1.1 presents an overview of the five chapters
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Figure 1.1 Representation of the chapters within this dissertation



CHAPTER 2

Think outside the European box: Identifying sustainability
competencies for a base of the pyramid context!

 This chapter is published as:

Demssie, Y. N., Wesselink, R., Biemans, H.J.A., & Mulder, M. (2019). Think outside the European box:
Identifying sustainability competencies for a base of the pyramid context. Journal of Cleaner Production, 221,
828-838.
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Abstract

The complex and global nature of unsustainability requires concerted efforts of sustainability change agents
from developed and developing countries all over the world. Various attempts have been made to define
competencies needed for change agents to effectively contribute to sustainable development. However, most
of the studies on sustainability competencies are Eurocentric in focus. Therefore, it is unclear if a base of the
pyramid context requires a different set of competencies. This context is characterized by low per capita
income, limited infrastructure, and a rural population. To address this gap, we conducted a Delphi study in
two rounds in Ethiopia, as a country at the base of the pyramid. Experts (n = 33) from academia and the
industry rated and confirmed seven competencies from the literature as being generally important for
sustainable development. Additionally, they identified eight sustainability competencies specifically
important for the Ethiopian context, and thus potentially for other countries with the features of the base of
the pyramid context. Systems thinking and transdisciplinary competence gained the highest ratings. A
subsequent specific literature search revealed that previous studies in contexts other than the base of the
pyramid context also identified some of the eight additional sustainability competencies. This is important for
future studies regarding the universal nature of certain sustainability competencies. The study brought
together three fields of research: sustainability, competence, and base of the pyramid context. Our findings
contribute to the theory of professional competence by showing that certain sustainability competencies can
be of generic nature, independent of socioeconomic context, whereas others are context-specific. In addition,
the sustainability competencies may serve as intended learning outcomes of education and training and
development programs for sustainability.

Sustainability
N :
literature

Euro-
centric

2

Delphi Study *

7 Sustainability
competencies

8 More 3
sustainability
approved

competencies
suggested

Base of the Pyramid context
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Limited infrastructure
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Developing countries

1. Systems thinking competence
2. Disciplinary competence
3. Interpersonal competence
4. Action competence

5. Anticipatory competence
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2.1 Introduction

Climate change and social problems such as poverty are among the major challenges facing humanity. Various
authors and international organizations such as the United Nations recognize the need to deal with these
sustainability challenges (Burns, 2013; Dale & Newman, 2005a; United Nations, 2015; Wiek et al., 2011).
Fostering the competencies of sustainability professionals is recommended as one of the measures to deal with
sustainability challenges. However, studies related to sustainability competencies (SCs) are scarce in the base
of the pyramid (BoP) contexts. Rieckmann (2012, p. 130) argues “the often-Eurocentric focus of the discourse
on sustainability key competencies should be challenged.” Rahdari et al. (2016, p. 352) also identified
‘Eurocentrism’ as “one of the main challenges in the field of corporate responsibility research”. Recently,
Sterling et al. (2017, p. 163) found out that “Africa, Latin America, and Asia are almost totally absent in the
discourse on sustainability competencies.”

Competence is seen as the integrated knowledge, skills, and attitudes which is required for effective
performance. A key dimension of competence is its context-specificity, i.e., different contexts may require
different competencies (de Haan & Haan, 2010; Mulder, 2014). Context is important for sustainability
professionals (Heiskanen et al., 2016). Idemudia (2011, p. 4) argues that “different cultural environments do
present different challenges for CSR practices.” Hence, the findings of previous research on the identification
of relevant SCs in one socioeconomic context may not necessarily be relevant in a different context.

Given the unique socioeconomic features at the BoP, it is not clear whether a similar set of SCs identified by
previous studies in non- BoP contexts is relevant in BoP contexts as well. It is also unclear if (or what) other
SCs are relevant to the BoP context. There are few studies such as Rieckmann (2012) on SCs that included
countries from the Global South. Therefore, we conducted this study to get insights into the unexplored area
of competencies for sustainability professionals in a BoP context.

2.2 Theoretical framework

This section presents the key concepts in this chapter - sustainability, sustainability competencies, and
sustainability competencies and corporate social responsibility.

2.2.1  Sustainability

Many authors have discussed the difficulty of defining sustainability. Having identified more than 100
definitions, White (2013) suggests that the concept is open for different interpretations. For some, the existence
of multiple definitions is a source of confusion (Glavic & Lukman, 2007). For others, it is an advantage
“because they allow for broader agreement” (Vos, 2007, p. 335). When defining sustainability, it is important
to focus on what needs to be sustained (Costanza & Patten, 1995; Vos, 2007). Sustainable development implies
the need to develop economically, socially, and environmentally. The reason why we need the social and
environmental aspects is not to facilitate only economic development (Johnston et al., 2007).

The importance of all aspects of sustainability has implications on how developed and developing countries
should balance the three elements. For instance, should BoP contexts prioritize economic growth or
environmental protection? Are the two mutually exclusive? For instance, Ngosso (2013) suggests that there
are situations in which poor countries should prioritize economic growth while at the same time indicating
that prioritizing the environmental aspect can also lead to reducing poverty. There are also arguments that
the three elements should be given equal priority (Tomsi¢ et al., 2015). However, we argue that how to

23



prioritize the dimensions should depend on the socioeconomic status of a specific context. For example, based
on national priorities.

Looking at sustainability from the perspective of its widely agreed features is also useful to get a better
understanding of this concept. Accordingly, sustainability is a comprehensive, future-oriented, and
intergenerational concept that encompasses and balances economic, social, and ecological aspects of
development (Dale & Newman, 2005b; Lumley & Armstrong, 2004; Vos, 2007; White, 2013).

Based on its widely agreed elements of different definitions, we define sustainability as “an all-inclusive
development intended to sustain relevant human and natural resources required for social, environmental,
and economic progress of current and next generations.”

In this current study and other studies (Figueird & Raufflet, 2015; Lumley & Armstrong, 2004) sustainability
and sustainable development are used interchangeably.

2.2.2  Sustainability competencies

As discussed in Section 1.6.1, acquiring certain competencies is required to deal with complex issues in
unpredictable environments and to play a role in the effort towards sustainable development (Dale &
Newman, 2005a; Rieckmann, 2012; Viegas et al., 2016; Wiek et al., 2011). Such competencies contribute to
making individuals feel more responsible and get ready to participate vis-a'-vis sustainability (Mochizuki &
Bryan, 2015). SCs are also viewed as “intended learning outcomes in education for sustainable development”
(Barth, 2016, p. 5). As an example of sustainable development competence, Wals (2014) mentions “citizen’s
capacities to contribute to sustainable living both professionally and personally.”

Based on the inputs from various sources (Akeel et al., 2019; Molderez & Ceulemans, 2018a; Wiek et al., 2011),
we define SCs as the integration of knowledge, skills, and attitudes that facilitate efforts to sustain relevant
human and natural resources required for social, environmental, and economic progress of current and future
generations.

The SCs identified by the experts in this study and the ones taken from the literature are not isolated and
independent of each other. Rather, they are related and sometimes complementary (Molderez & Fonseca,
2018; Wiek et al., 2011). Further discussion of how the SCs are relevant to the BoP context understudy is given
in Section 2.5.

2.2.3  Sustainability competencies and corporate social responsibility

Corporate social responsibility (CSR) is a business approach to sustainable development. It refers to
voluntarily integrating socioenvironmental aspects with business activities (van Marrewijk, 2003). Some
authors use sustainability and CSR interchangeably (Osagie et al., 2014; Wesselink et al., 2015). Among the
different stakeholders in sustainability are companies that use different types of resources. As such, if
implemented genuinely, CSR could facilitate the contribution of companies to more sustainability.

As discussed in Section 1.4, the BoP context has unique features that set it apart from high-income
environments. The difference in socioeconomic factors and context-specificity feature of competence
motivated our study. Accordingly, we looked at the relevance of SCs identified mainly by Eurocentric studies
for a BoP context. Furthermore, we identified additional SCs relevant in the BoP context.
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2.3 Methodology

The major objective of this study was to identify SCs that are relevant to the BoP, Ethiopian, context. To this
effect, we used the Delphi method. The following research questions guided our research:

1. Are the sustainability competencies identified in non-BoP contexts relevant in a BoP context?

2. What competencies are relevant for sustainability professionals in a BoP (Ethiopian) context?

2.3.1  The Delphi method

Sustainability is related to different fields of expertise and the issues related to it are complex. Hence, possible
solutions to address sustainability issues are expected to come from a concerted effort of various professionals
(Friman et al., 2018). We used the Delphi technique because it is a method appropriate for studies that seek a
combined wisdom of a group of experts about issues that do not have clear-cut answers (Dalkey, 1969; Hasson
et al., 2000). In addition, participants are groups of experts in the area under study and their decisions “have
greater validity than those made by an individual” (Osborne et al., 2003, p. 698).

The study is based on the judgments of experts. In this case, the Delphi method is a better choice. Rowe and
Wright (2001, p. 141) indicate that “research has shown that Delphi-like groups perform judgmental and
forecasting tasks more effectively than other judgmental approaches.” The other reason for choosing the
Delphi technique is its potential to deal with the influence of dominant participants (Dalkey, 1969; Gupta &
Clarke, 1996). Besides, the method enables participants to change their minds, i.e., their responses from round
to round without fear of other participants’ judgment (Ballantyne et al., 2016; Geist, 2010; Rowe & Wright,
2001). As the participants live in different geographical locations, the Delphi method enabled us to conduct
the study without the need for face-to-face interactions of experts (Yousuf, 2007).

However, the Delphi method has some limitations too. These include its continuous modification and lack of
proper guidelines (Hasson & Keeney, 2011). The different criteria used by Delphi researchers for the selection
of experts, determining consensus, and the number of experts could be the result of a lack of proper guidelines.
Awareness about these issues and adequate preparations may help to carefully plan and execute Delphi
studies.

The Delphi method has some defining features. These include anonymous group responses, multiple rounds
of data collection, and a summary of statistical group responses sent to participants after each round (Dalkey,
1969).

232  Identification of experts

The quality of Delphi studies depends on, inter alia, the appropriateness of participants” qualification (Powell,
2003). Previous Delphi studies used various criteria to select experts. These include expertise in research
(Rieckmann, 2012), familiarity with the study context (Caron et al., 2016), and knowledge of the field under
study (Day & Bobeva, 2005). Sustainability requires the contributions of both practitioners and researchers.
Therefore, we included experts from academia and practitioners from the industry. The latter are
sustainability professionals in non-governmental organizations, governmental organizations, and businesses.
The business category included banks, an airline, mixed sector investments (agriculture, mining, and
industries), and a brewery company. We selected the specific organizations because they are among the few
organizations in Ethiopia engaged in sustainability.
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Inclusion criteria

For all experts, it was a requirement to have their experience in Ethiopia. An academician should have at least
a master’s degree and five years of teaching and research experience. The experience should be in accredited
higher education institutions and related to sustainability. Moreover, the person should have either taken or
taught a course, published an article, or presented a conference paper, participated in negotiations,
policymaking, training, or consultancy. A person from the industry should have at least a bachelor’s degree
and a minimum of three years of experience. The expertise should be in one or more of the areas listed above
for academicians.

Expert recruitment strategies

We identified experts from April to December 2016 using different strategies. We contacted sustainability-
related radio and television program hosts to obtain a list of notable potential experts who have been on their
shows. In addition, we used conferences, resource persons, websites, and LinkedIn. The diversity of experts
is important to generate widely applicable insights (Powell, 2003). Therefore, we first identified diverse
experts and then used the snowball method. We did this by asking the experts to recommend more potential
experts. Moreover, to secure diverse experts, we used the multiple means of identifying potential experts
mentioned above. The combined expertise of these experts covers the three dimensions of sustainability.

Panel size

Delphi studies use different panel sizes depending on the availability of resources and other factors (Powell,
2003). The total number of experts identified through the aforementioned means was 85. Next, we met 67 of
the potential experts in person and contacted the remaining through the phone. This was an opportunity to
explain the purpose of the study, to create rapport, to check which potential experts meet the inclusion criteria,
and to get their consent. At this time, participants gave their consent orally. Later, they indicated their consent
by checking a box in the questionnaire. Meeting experts prior to data collection helps to increase the response
rate (Hasson et al., 2000). During this meeting, 30 of the identified people informed the first author that they
do not meet the criteria, or they cannot participate. Hence, we excluded them. We excluded ten others after
checking their expertise vis-a'-vis our criteria. Finally, we sent invitation letters to 45 experts who met the
criteria and expressed their willingness to participate. The letter informed them about the purpose of the
study, the selection criteria, anonymity of the data, the estimated time commitment, possibility of a maximum
of three rounds, operational definitions of key concepts, a promise to acknowledge experts, our intention
to publish the study, and the contact details of the first author. This helped to create rapport, secure the
commitment of respondents, and increase the response rate (Hasson et al., 2000). Table 2.1 depicts details of
the demographic characteristics of the participants.
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Table 2.1

Demographic characteristics of experts who participated in both rounds

Variable Frequency Percentage (%)
Education

Bachelor’s degree 3 9.09

Master’s degree 17 51.51

PhD 13 39.39

Years of experience

3-8 5 15.15
9-14 8 24.24
15-20 8 24.24
21-26 4 12.12
27-32 7 21.21
33 or more 1 3.03
Age
25-34 6 18.18
35-44 10 30.30
45-54 11 33.33
55-64 3 9.09
Not given 3 9.09
Sector
Academia 16 48.49
Industry 17 51.51
Experts from academia with industry
experience
Yes 12 75
No 4 25

2.3.3 Definition of consensus

To determine consensus in Delphi studies, various authors have either used or recommended different
combinations of measures. These include median, mode, interquartile range (IQR), and percentage of positive
or negative responses (Rayens & Hahn, 2000; von der Gracht, 2012) . Therefore, in this study, we used a
combination of the sum of percentages of relevant and very relevant responses, median, and IQR to determine
consensus.

234 Number of rounds

Initially, we designed our study to have a maximum of three rounds. However, the level of agreement in two
rounds suggested that a third-round would not be necessary. For each round, we pilot tested the instruments
and identified outlier responses. Also, Pearson’s chi-square test was conducted. This was to see whether there
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is a statistically significant (p < 0.05) difference between responses of experts from academia and those from
the industry. The questionnaires included open-ended and closed-ended items. Therefore, we used qualitative
and quantitative data analysis methods. We elaborated on these in their respective sections.

2.3.5  Round one instrument preparation, data collection, and analysis

Round one instrument preparation

As starting points, to identify SCs to be rated by experts, we used the following works for their relevance,
methodological variety, and adequate descriptions of the SCs. Osagie et al. (2014), undertook a systematic
literature review and conducted interviews to identify SCs. Wiek et al. (2011)used a broad (peer-reviewed and
grey) literature review and prepared a framework. Roorda (2013, p. 104)identified competencies that ‘typify
a sustainability competent professional’. Heiskanen et al. (2016, p. 218) identified the competencies
sustainability professionals learn from education in the real world and summarized the ‘most important
competencies of sustainability change agents”. Though they are not exhaustive, we assume that the
competencies from these studies include widely recognized SCs. We compared the SCs from the above studies
using the terms and descriptions they used for the SCs. In most instances, the aforementioned authors used
similar terms. In some cases, the names of the SCs were different while the descriptions were essentially
similar. The overlap of the SCs is assumed to confirm their importance as the authors of these works used
different methods and contexts.

Table 2.2

Sustainability competencies from the literature as starting points for round one questionnaire

Sources

Osagie et al. (2014) Wiek et al. (2011) Roorda (2013) Heiskanen et al. (2016)

1. Anticipating CSR challenges Anticipatory Future orientation Anticipatory
competence competences

2. Understanding CSR-relevant Systems-thinking System orientation Systems-thinking

systems and subsystems competence

3. Managing CSR implementation ~ Strategic competence  Action skills Action skills

4. CSR leadership competencies Strategic competence  Future orientation Strategic competences

5. Interpersonal competencies Interpersonal Emotional Interpersonal
competence intelligence competences

6. Personal value driven Normative competence Personal Normative

competencies involvement competence

7. Disciplinary Subject-specific

competences competences

As depicted in Table 2.2, six SCs overlap in all the four studies. These are generic competencies, i.e., they are
relevant across different fields (Salgado et al., 2018). We used these and a seventh sustainability competence,
i.e., disciplinary/subject-specific competences as starting points. We included ‘Disciplinary competences’ even
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though it overlapped only in two of the four studies. This is because it would be an opportunity for our expert
participants to think about subject-specific competencies when suggesting competencies for sustainability.

We prepared the closed-ended items based on the four studies used as starting points (see Table 2.2). In the
round one instrument, for six of the seven SCs presented for rating, we used the descriptions (or parts thereof)
given by their respective authors (see Table 2.6). Inputs from the pilot test about the need for more clarity led
to the modification of the description for the ‘disciplinary competence’ given by the author.

The first round instrument comprised a combination of closed-ended and open-ended questions, instructions
about how to complete the questionnaire, and operational definitions of key concepts. We presented the seven
SCs and their descriptions identified from the literature to be rated by the experts. The rating used a 5-point
Likert scale where 1 indicated ‘very irrelevant’ and 5 indicated ‘very relevant’. Pilot testing in a Delphi study
is suggested to enhance authenticity (Keeney et al., 2006), to improve methodological rigor (Hasson & Keeney,
2011), and to check the clarity of the questionnaire (Powell, 2003). For round one, three potential experts with
the required expertise participated in the pilot testing. Based on their comments and inputs from coauthors,
we improved the draft questionnaire. We finalized the questionnaire as a two pages document on Microsoft
Word.

Round one data collection

We administered the questionnaires on February 7, 2017, mainly through emails. We also provided an
additional option of hard copy versions. Delphi studies usually suffer from low response rates (Christie &
Barela, 2005; Meijering et al., 2015). Therefore, we used follow-up mechanisms to remind experts. We received
the last completed questionnaire on March 1, 2017. Out of the invited 45 experts, 36 completed and returned
the questionnaires, i.e., a response rate of 80%.

Round one data analysis

In round one, we calculated frequency, percentage, median, mode, and IQR for all experts” ratings of each of
the seven SCs. The consensus criteria in this round are a combined result of three measures. These are,
‘relevant’(R) plus ‘very relevant’ (VR) responses greater than or equal to 80%, IQR of 1 or less, and median
values of 4 (relevant) or 5 (very relevant).

2.3.6  Round two instrument preparation, data collection, and analysis

Round two instrument preparation

We developed round two questionnaires based on the additional SCs suggested by participants in round one.
From the 36 experts who participated in the first round, 28 suggested additional SCs for the Ethiopian context.
We compiled these texts verbatim. The generated data was of a manageable size and we did data analysis
(content analysis) by hand using the 5 steps process by Taylor- Powell and Renner (2003). This involved
repeatedly reading the text, focusing the analysis vis-'a-vis the purpose of our study, organizing the data,
breaking down texts into themes, and identifying connections within and among categories. At the end of
these steps, 11 categories (i.e., SCs) emerged.

Following this, we prepared descriptions to represent each of the 11 newly emerged categories. The experts
who participated in the study suggested names for some of the categories. The remaining categories were
named by the authors.
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The first author completed the above five-step process. Next, the other coauthors reviewed and commented
on the newly identified SCs and their descriptions. Accordingly, we improved the categories and their
descriptions. As was the case in round one, we conducted pilot testing in round two with three people who
fulfilled the inclusion criteria in this study. They detected redundancy and this led to the merger of two
competencies. Information acquiring competence and communication competence became ‘communication
and information acquiring competence’. The pilot test also helped to improve the clarity of the SCs and their
descriptions. Following this, we sent invitation letters via email to the 36 experts who participated in round
one.

We prepared the questionnaire in a clickable PDF format. It comprised instructions, a promise to
anonymously keep responses, demographic questions, the SCs to be rated and their descriptions, and a
request for consent of participants. For experts from academia, we included one more question. That is, “Do
you have sustainability-related experience in the industry, i.e., outside the higher education environment (e.g.,
consultancy or training, project development, implementation, or other services to government, non-
governmental organizations, or business organizations)?” This was intended to see how many of these experts
have sustainability experience in the industry, in addition to their experience in academia. Twelve (i.e., 75%)
of the 16 experts from academia who participated in both rounds had experience both in the industry and in
academia. These 16 experts were active in teaching and research; two of them were promoted to the rank of
Full Professorship in the course of this study.

Round two data collection

On May 25, 2017, we distributed round two questionnaires by email among the 36 experts. We also sent a
summary of the quantitative analysis of the first round, and the newly emerged SCs with their descriptions.
This was to make sure that the inputs of the experts were duly accounted for and to create a common
understanding regarding the SCs that would be rated as round two questionnaire items. This practice helps
to ensure construct validity (Hasson & Keeney, 2011; Okoli & Pawlowski, 2004). In this round too, we carried
out follow-up communications and obtained the last completed questionnaire on July 9, 2017. Of the thirty-
six experts, 33 completed and returned the questionnaire. This is a response rate of 91.6% and 73.3% from
round one and the total number of potential experts invited before round one respectively. Two of the three
experts who dropped out in round two were from academia; one was from the industry.

Round two data analysis

In round two, we expected more agreement because the SCs to be rated would be the suggestions of the
experts themselves. Therefore, as consensus criteria, we used the sum of relevant and very relevant responses
of greater than or equal to 85%, the same median and IQR values as the ones specified for round one. A visual
representation of the research process is given in Figure 2.2.
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2.4 Results

2.4.1 Round one results

Table 2.3

Ranking of sustainability competencies by percentage of ‘relevant’ plus ‘very relevant’ responses

Rank All Experts

(n=36)

Experts from academia

(n=18)

Experts from the industry
(n=18)

Systems thinking competence

(97.2%) 80.6%

Systems thinking
competence (100%) 77.8%

Disciplinary competence
(100%) 77.8%

Disciplinary competence
(97.1%) 69.4%

Interpersonal competence
(94.5%) 66.7%

Systems thinking
competence (94.4%) 83.3%

Interpersonal competence
(94.3%) 66.7%

Disciplinary competence
(94.4%) 61.1%

Anticipatory competence
(94.4%) 72.2%

Action competence
(94.3%) 52.8%

Action competence
(94.4%) 61.1%

Interpersonal competence
(94.4%) 66.7%

Anticipatory competence
(91.6%) 72.2%

Anticipatory competence
(88.9%) 72.2%

Action competence
(94.4%) 44.4%

Strategic competence
(88.8%) 61.1%

Strategic competence
(88.9%) 55.6%

Strategic competence
(88.9%) 66.7%

Normative competence

Normative competence
(88.9%) 38.9%

Normative competence
(83.3%) 50.0%

(86%) 44.4%

The three columns in Table 2.3 are independent of each other. The “All experts’ column depicts the ranking of
the seven SCs by all the 36 experts; it is not the sum of the next two columns. The “Experts from academia’
column shows the ranking of the SCs by calculating only the responses of the 18 experts from academia. The
‘Experts from the industry’ column represents ranking of the SCs by calculating only the responses of the 18
experts from the industry. Each column shows the percentages of ‘very relevant’ (VR) and ‘relevant’ (R)
responses. For instance, the sustainability competency ranked 2nd based on the rating by all experts is
disciplinary competence; according to experts from academia, it is interpersonal competence; based on rating
by experts from the industry, it is systems thinking competence.

For some of the SCs in Table 2.3, the percentage of R plus VR responses (i.e., the figures given within
parenthesis) are the same. In such cases, we used percentages of VR responses (i.e., the figures given off
parenthesis) as additional means of ranking the SCs. In round one, systems thinking competence got the
highest percentages of R plus very relevant VR ratings, i.e.,, R + VR = 97.2%, VR = 80.6 ratings by all experts.
This is the only sustainability competency with an IQR of 0. The remaining six SCs have an IQR of 1. All the
SCs ratings have median values of 5 except for ‘normative competence” which has a median value of 4. All
the 7 SCs gained agreement based on the predefined consensus criteria. Therefore, none of them had to be
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presented in the next round. A Chi-square test in round one showed that there is no statistically significant
difference between the ratings of the seven SCs by the experts from academia and those from the industry.

Outlier responses in round one

In Delphi studies, it is recommended that experts whose ratings of an item are outliers provide their reasons
for their decisions (von der Gracht, 2012). We defined outliers based on the 1.5 x IQR rule. These are responses
significantly different from the aggregate responses of the whole panel. We found ratings of three SCs by two
experts to be outliers. We contacted these experts to get their explanation for the ratings. Expert “I127” rated
‘normative competence’ as ‘irrelevant’. He shared his reasons as, “unless the necessary administrative systems
are put in place, normative competence by itself may not contribute to sustainability. Such systems are now
lacking. Therefore, normative competence may not be relevant.”

Expert “A15” rated ‘strategic competence” and ‘action competence’ as ‘very irrelevant’. His explanation about
strategic competence was, “this competence is relevant only for policy makers, not for all sustainability
professionals. Lower-level sustainability professionals do not engage in strategic issues. Therefore, they do
not need this competence.” The same expert explained why he rated ‘action competence’ as ‘very irrelevant’.
He said, “sustainability professionals from academia do not need action competence. Honestly, I did not
remember the operational definition of ‘sustainability professional’. However, I should have thought about
sustainability professionals in the industry.”
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2.4.2
Table 2.4

Ranking of sustainability competencies based on percentage of ‘relevant’ + ‘very relevant’ responses and ‘very

Round two results

relevant’ responses

Rank All experts

Experts from academia

Experts from the industry

(n=33) (n=16) (n=17)

1 Transdisciplinary Transdisciplinary competence  Flexibility and continuous
competence (100%) 81.3% learning competence
(100%) 75.8% (100%) 76.5%

2 Flexibility and Communication and Stakeholder coordination
continuous learning information acquiring competence
competence competence (100%) 76.5%

(100%) 72.7% (100%) 81.3%

3 Communication and Flexibility and continuous Transdisciplinary
information acquiring learning competence competence
competence (100%) (100%) 68.8% (100%) 70.6%

63.6%

4 Stakeholder coordination =~ Tolerance competence Resource utilization
competence (97%) 78.8% (100%) 68.8% competence (100%) 64.7%

5 Resource utilization Resource utilization competence  Policy integration and
competence (97%) 72.7%  (93.8%) 81.3% cooperation competence

(100%) 64.7%

6 Tolerance competence  Stakeholder coordination Social justice and inclusion
(97%) 69.7% competence (93.8%) 81.3% competence (100%) 52.9%

7 Social justice and Social justice and inclusion Communication and
inclusion competence competence information acquiring
(97. %) 63.6% (93.8%) 75.0% competence (100%) 47.1%

8 Policy integration and Indigenous competence Tolerance competence
cooperation competence (93 go;) 68 8% (94.1%) 70.6%

(97%) 57.6%

9 Competence to balance Competence to balance Competence to balance
sustainable development  sustainable development sustainable development
dimensions (90.9%) dimensions (93.8%) 62.5% dimensions (88.2%) 58.8%
60.6%

10 Indigenous Policy integration and Indigenous competence

competence (90.9%)
60.6%

cooperation competence (93.8%)
50.0%

(88.2%) 2.9%

Table 2.4 is also structured in the same way as Table 2.3. That is, the three columns are independent of each

other.
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For some of the SCs, the percentage of R plus VR responses (i.e., the figures given within parenthesis) are the
same. In such cases, we used the percentages of VR responses (i.e., the figures given off parenthesis) as
additional means of ranking the SCs.

In this round, transdisciplinary competence got the maximum rating of R + VR = 100% with a VR rating of
75.8%. Based on the ratings by all experts, the median and mode relevance of all the ten SCs were 5 (i.e., very
relevant). Except for ‘stakeholder coordination competence’ for which IQR value was 0, the remaining nine
SCs had IQR of 1.

To see if experts from academia and the industry would rate the SCs differently, we performed a Chi-square
test in the second round as well. Table 2.5 depicts the results of the test for communication and information
acquiring competence.

Table 2.5

Pearson’s Chi-square test for communication and information acquiring competence

Responses
Panel of Experts Relevant Very Relevant Total
Academia 3 13 16
Industry 9 8 17
Total 12 21 33
Pearson chi2(1) = 4.1640 Pr=0.041

“Communication and information acquiring competence” is the only sustainability competency where a
statistically significant difference existed between the ratings by experts from the two sectors, X2 (1, N = 33) =
4.16, p=0.041. Experts from academia rated this competence as median = 5, mode = 5 and IQR = 0. Their
counterparts from the industry rated it as median = 4, mode = 4, and IQR = 1. In the second round too, all the
SCs gained consensus. Hence, there was no need to go for a third-round as initially planned. This agrees with
the suggestion by Keeney et al. (2006) about how long the Delphi process continues. See Table 2.6 for the
updated list and descriptions of all the SCs that gained consensus in both rounds.

Outlier responses in round two

In the second round, we found two responses by two experts to be outliers. We requested the experts to share
their reasons. Expert “B” rated ‘indigenous competence” as ‘irrelevant’. He based his response on his own
understanding of the word ‘indigenous’; he did not consider the description of indigenous competence given
in the round two questionnaires. Through email communications, he later explained that he would rate the
competence favorably if he considered the description of the competence. Expert “C” rated ‘Competence to
balance sustainable development dimensions’ as ‘irrelevant’. We requested his explanation and he informed
us that it was because of oversight. He requested the first author via email to rerate the item as ‘relevant’.
Hence, the rating was changed accordingly. In both rounds, the outlier responses of participants who did not
change them after our discussions were kept as they were.
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25 Discussion and conclusion

The BoP context has unique features that set it apart from high-income environments. Besides, studies related
to SCs are predominantly Eurocentric in focus. Hence, it was not clear whether previous findings are relevant
to the BoP context. The study involved participants selected from academia and the industry for having
relevant expertise. Analysis of the data showed that in round one the experts confirmed the relevance of seven
SCs to the BoP context. These are the SCs listed in Table 2.6 from number one to seven. In addition, the experts
identified ten more SCs (see Table 2.4). After further processing of the ten SCs and merging two pairs of similar
ones, the number of additional SCs became eight. These are listed in Table 2.6 from number eight to fifteen.
Names of these and the seven SCs from the literature have also been modified to better reflect their essence
and to show their relevance to sustainability.
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Table 2.6

Sustainability competencies relevant to the base of the pyramid context

No. Sustainability competencies

Descriptions

1  Systems thinking competence to “ability to collectively analyze complex systems across different domains (society,
understand complex environment, economy, etc.) and across different scales (local to global)” (Wiek et
sustainability issues al.,, 2011, p. 207)

2 Disciplinary competence in In addition to generic competencies, a sustainable development professional should
sustainability-related fields have competence in his/her specific field. (Roorda, 2013)

3 Interpersonal competence to “ability to motivate, enable, and facilitate collaborative and participatory
facilitate collaboration of sustainability research and problem solving.” (Wiek et al., 2011, p. 211)
sustainability stakeholders

4 Action competence for Decisiveness and capability to act (Roorda, 2013)
sustainability interventions

5 Anticipatory competence to Ability to foresee possible sustainability issues to be faced and devise frameworks
predict future sustainability to deal with them (Heiskanen et al., 2016; Osagie et al., 2014; Roorda, 2013; Wiek et
issues al., 2011)

6  Strategic competence to devise “ability to collectively design and implement interventions, transitions, and
sustainability interventions transformative governance strategies toward sustainability.” (Wiek et al., 2011, p.

210)

7  Normative competence for “ability to collectively map, specify, apply, reconcile, and negotiate sustainability
sustainability goals values, principles, goals, and targets.” (Wiek et al., 2011, p. 209)

8  Transdisciplinary competence = Understanding that sustainability requires collaboration of experts from different
to collaborate with diverse fields. This competence includes readiness and skills to work with experts from
sustainability experts other disciplines.

9  Flexibility and continuous Realizing that sustainability issues are dynamic and that they require sustainability
learning competence for professionals to constantly update themselves. This includes skills and attitudes to
sustainability learn timely and relevant knowledge the changing situations may demand to

flexibly approach each situation.

10 Communication and Knowledge about sustainable development dimensions and readiness to acquire
information acquiring and utilize information about socio-environmental issues. It includes capability to
competence for sustainability ~ create sustainability awareness in the wider population, deal with, learn from, and

influence stakeholders towards sustainability.

11 Stakeholder and policy Ability to organize efforts of various actors including relevant individuals, societies,
coordination competence for groups, and experts. It requires readiness, knowledge, and skills to create synergy,
sustainability learn from each other, tap global cooperation opportunities, and coherently

integrate local, national, and international sustainability policies.

12 Resource utilization competence Knowledge, skills, and readiness to efficiently allocate and use material resources,
for sustainability enhance analytical and technical skills of workers, and setup institutional

arrangements.

13 Social justice and inclusion ** Ability and readiness to consider the needs and values of diverse groups
competence to promote (including future generations). It includes skills, attitudes, and knowledge to
sustainability promote tolerance, equitably distribute resources, listen to each other, and

peacefully repair past and current harms.

14 Competence to balance Genuine concern for society and the environment with knowledge and skills to
sustainable development properly balance the three elements of sustainable development. It includes
dimensions readiness to challenge too much focus only on the economic dimension at the

expense of social and environmental sustainability.

15 Competence to utilize Appreciating one’s own local competence, values, culture, history, languages, and

indigenous resources for
sustainability

the natural environment. The competence includes realizing the potential of local
natural and human resources and skills to utilize these for sustainable development.
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In Table 2.6, for SCs from number eight to fifteen, either the participants or the authors gave the descriptions.

**An expert, one of the participants in this study, used the term ‘Social justice and inclusion competency” and
parts of the description given by Loffredo (2016) accessed from https://www.naspa.org/ constituent-
groups/posts/the-social-justice-and-inclusion- competency. A similar term and parts of the description are
used in this study.

The SCs identified by all experts as most important in round one were systems thinking competence,
disciplinary competence, and interpersonal competence. In round two, most experts favorably rated
transdisciplinary competence, flexibility and continuous learning competence, and communication and
information acquiring competence. We determined the relative importance of all the 15 SCs based on the sum
of percentages of relevant and very relevant ratings. In 14 of the 15 SCs, there was no statistically significant
difference between ratings of experts from academia and those from the industry. This could be because most
(i.e., 75%) of the experts from academia had sustainability-related experience in the industry as well. Hence,
they may appreciate the sustainability priorities somewhat similarly to their counterparts from the industry.
The only exception was ‘communication and information acquiring competence’. Academicians attached
more importance to this competence. This could be because the competence is related to their job of fostering
knowledge, skills, and attitudes of their students. Except ‘disciplinary competence’, the remaining 14 SCs are
generic competencies. Hence, they are relevant across professions.

The findings can contribute theoretically to the BoP and SCs discourse by showing which SCs are relevant in
this context. In addition, the identified SCs may be used as intended outcomes of education and training
programs that focus on preparing sustainability change agents. To this end, one possibility could be to focus
on these SCs when designing curriculum contents and sustainability trainings.

2.5.1  Relevance of sustainability competencies in base of the pyramid and non-base of the
pyramid contexts

To get insights into the relevance of the SCs across contexts, we used a two-way process. In round one, the
experts confirmed the relevance of the seven SCs taken from the literature. Specific literature search was
carried out after the experts identified eight more SCs. The result revealed that several of these SCs appear to
have been mentioned earlier in the literature as well. For instance, parts of the essence of what we identified
as ‘social justice and inclusion competence’ had also been identified by Bauermeister and Diefenbacher (2015)
as ‘social justice’. Similar to our ‘stakeholder and policy coordination competence’, Frisk and Larson (2011)
identified ‘stakeholder engagement and group collaboration competence’ as one of the key SCs.

Based only on these findings we cannot be certain that these SCs are universal. However, similarities of the
SCs suggest the need for future research into the relevance of SCs in multiple contexts. The findings also
indicate that the SCs identified in this study are not exclusively for the BoP context. Hence, the identified SCs
have the features of generic competence. However, the SCs also have features of comprehensive competence,
i.e,, they are the integration of knowledge, skills, and attitudes.
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252  Meaning and significance of the sustainability competencies in the study context

While there are SCs relevant in multiple contexts, the results also show that some of the SCs have contextual
importance. Below, we discuss the relevance of some of the 15 SCs in the specific BoP, Ethiopian, context.

Competence to utilize indigenous resources

In general, local knowledge is crucial in the BoP environment because one of the features of this context is the
lack of formal institutions (Scott, 2017a). Indigenous knowledge systems have the potential to contribute
towards a more sustainable world (Kakoty, 2018). Let us look at two examples of the importance of indigenous
human and natural resources in Ethiopia. Regarding health care, a significant majority of the human
population and the livestock rely on indigenous medical practices and medicines (Demie et al., 2018). Another
example is the Konso peoples’ indigenous water and soil conservation practices. Using their more than four
centuries old engineering and environmental knowledge, the Konso people protect the environment and cope
with difficult environmental challenges by constructing stone terraces. This has been recognized as an
‘outstanding universal value’ and registered as one of the UNESCO World Heritage sites (Mulat, 2013;
UNESCO, 2011). Hence, sustainability professionals in Ethiopia need the competence to realize the potential
of indigenous wisdom and resources and the skills to utilize these in facilitating sustainable development.

Social justice and inclusion competence

Few points about the socio-political reality of the BoP context under study help to understand the contextual
meaning and importance of this competence. Since the early 1990s, the Ethiopian political system is ethnic-
based federalism that paid utmost attention to ethnic identity and undermined national unity. This system
grants the regional states the right to self-determination up to secession (Bélair, 2016). Ethnic tensions and
related conflicts are serious problems the country is grappling with (Abbink, 2011). Hence, social justice,
inclusion, tolerance, fairness, participation, and repairing past and current harms are crucial for social
sustainability in the country.

Systems thinking competence

From the practical examples our respondents gave, systems thinking is sustainability professionals’
understanding that an organization does not exist or function in isolation; it is part of social, economic, and
environmental systems. Its actions affect other systems, and vice versa. This agrees with the meaning of
systems thinking in the literature (Molderez & Ceulemans, 2018b). This understanding helps the sustainability
professionals to guide their organizations on a more responsible and sustainable path.

Examples of sustainability activities in some corporate organizations in Ethiopia

To get insights into how sustainability is conceptualized and practiced in the corporate organizations whose
experts participated in our study, we conducted interviews with five expert-participants. Three of these
participants indicated that in their organizations, sustainability is considered to be corporate social
responsibility in the forms of community engagement and philanthropic programs. These include donations
to charity organizations, mainly motivated by corporate image building. However, in the other two
organizations, in addition to charitable donations, sustainability activities are directly related to their core
business processes and aimed at enhancing environmental sustainability. In one of the two organizations (an
airline), airplane wings were locally modified by which it succeeded in reducing airplane fuel consumption.
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Another organization (an international brewery) managed to reduce water consumption. Research has shown
that the reduction of water consumption, particularly by industries, is essential for sustainable economic
development (Zhang et al., 2018).

2.5.3  Interrelationships among sustainability competencies

Our findings indicate that the identified SCs are interrelated and complementary. Next, we discuss the
interrelationship among selected SCs.

Systems thinking competence and competence to balance sustainable development dimensions

The two SCs complement each other. The former is holistic thinking that systems and subsystems are
interrelated (Roorda, 2013). The latter is about prioritizing the three dimensions of sustainable development.
In the Ethiopian context, there are practical situations that call for both SCs. The experiences shared by our
expert respondents indicate the same.

One of the respondents commented the following about the social and environmental impacts of floriculture
industries in Ethiopia. “Workers are paid very low wages; they are not protected against harmful chemicals,
and the environment is exposed to harmful practices. All this is happening because of too much focus only on
short-term financial benefits. The government is not doing enough because of its focus only on the growth of
the GDP [gross domestic product] which is happening at the expense of communities and the environment.”

Another respondent said, “there are minimum requirements investors should fulfil regarding social and
environmental impacts to get investment licenses. However, the requirements are just on paper without
practical application.” The need to consider environmental and social aspects of development is also
suggested in the literature (Gast et al., 2017).

Transdisciplinary competence

Transdisciplinary competence is one of the additional SCs suggested by the experts. The competence includes
readiness and skills to work with experts from other disciplines beyond one’s own. One of the SCs that
complement transdisciplinary competence is systems thinking. The latter helps to realize the
interconnectedness of different systems and facilitates transdisciplinarity because it is “a tool for weighing,
making decisions and taking action.” (Molderez & Fonseca, 2018, p. 4399).

Regarding the practical situation vis-a'-vis transdisciplinarity in the study context, our expert participants
indicated that cooperation of experts with others beyond their domain is crucial but not common. The
meaning of this competence as suggested by the experts is not different from the definition in the literature.
For instance, Sakao and Brambila-Macias (2018, p. 1400) define transdisciplinarity in terms of its features. That
is, “relating to socially relevant issues, transcending and integrating disciplinary paradigms, participatory
research, and searching for a unity of knowledge.”

Stakeholder and policy coordination and resource utilization competence
‘Stakeholder and policy coordination competence’” and ‘resource utilization competence” are related.

In 2016, Ethiopia launched its second five-year Growth and Transformation Plan. Among the basis for this
plan were the Sustainable Development Goals of the United Nations (NPC, 2016). Respondents mentioned
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this as a positive step that gives the country opportunities to tap global technological and financial support
for sustainability. However, stakeholder and policy coordination at local levels is not encouraging. The
respondents also indicated that sustainability-related top-down interventions without meaningfully
involving local communities did not succeed. The respondents also stressed the importance of jointly
designing and implementing interventions to avoid duplication of work, efficiently utilize resources, and
create synergy.

Interpersonal, transdisciplinary, and stakeholder and policy coordination competencies

Interpersonal competence is required to facilitate the collaboration of stakeholders and experts (Wiek et al.,
2011). Hence, it is related to transdisciplinary competence and stakeholder and policy coordination
competence.

Transdisciplinary competence and stakeholder and policy coordination competence have similarities as both
encourage stakeholders to work together towards a more sustainable future. However, the SCs involve
different stakeholders. While the former has to do with professionals working in different aspects of
sustainability, the latter concerns any actors, be it professionals, individuals, or groups.

254  Implications for theory and practice on sustainability

This study brought together three fields of research: sustainability, competence, and base of the pyramid
context. The point of departure in our study relates to the unique features of the BoP context that set it apart
from high-income contexts. Our assumptions were: competence is context specific, and the BoP has unique
features. Therefore, we expected that these features may require a different set of SCs.

Our results showed that selected SCs, identified earlier mainly in Eurocentric contexts, are relevant to the BoP
context under study as well. Experts in the BoP suggested additional SCs as important for the BoP context.
Some of these additional SCs are relevant to non-BoP contexts as well. This has an important implication on
the context-specificity feature of competence or SCs. The findings are believed to stimulate discussions on
whether SCs are universally relevant regardless of differences in socioeconomic contexts.

The findings have implications for practice as well. They can serve as starting points for education for
sustainable development. They indicate what competencies are required by sustainability change agents. The
results of this study give a clue that (some) SCs could be relevant in multiple contexts regardless of
socioeconomic differences. Hence, future studies are suggested to empirically examine this in multiple
contexts (see Section 2.6 for details of our suggestions for future studies).

2.6 Limitations and suggestions for future research

There are indications of the possibility that the SCs identified in this study could be relevant to other BoP and
non-BoP contexts. However, this cannot be concluded based on the findings of our study. This is because the
study involved experts only from one country, Ethiopia. The details of these limitations and suggestions for
future research to address them are presented in Section 5.5.

Another limitation of the study in Chapter 2 is related to how three participants completed parts of the
questionnaire. That is, oversight of parts of the descriptions given to one of the SCs by one participant,
attaching one’s own meaning to one of the SCs instead of the descriptions in the questionnaire by another,
and paying less attention to the operational definitions of the key concepts in the questionnaire by a third
expert. This was the case although we took various preemptive measures. These include personal meetings
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with the experts; provision of operational definitions and documents related to the qualitative data analysis,
pilot testing, and reviewing of the qualitative data analysis process and the questionnaires by the coauthors.
Other limitations of the study in this chapter stem from limitations of the Delphi method. These include the
lack of proper guidelines for Delphi studies about the selection of experts, determining consensus, the number
of experts, and continuous modifications of the method (Gupta & Clarke, 1996). Future Delphi studies should
learn from this and take measures including the aforementioned ones to reduce misunderstanding or
oversight. Awareness about these issues prior to designing the study helped us to carefully plan and execute
our Delphi study.

Sustainability issues are complex and require the contributions of multiple stakeholders. Small steps such as
the identification of SCs for different contexts may contribute towards a more sustainable future. The purpose
of identifying SCs is to enhance the contributions of sustainability change agents. Therefore, we recommend
follow-up studies on the application and effectiveness of such competencies.
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CHAPTER 3

Combining indigenous knowledge and modern education to
foster sustainability competencies: Towards a set of learning
design principles?

2 This chapter is published as:
Demssie, Y. N., Biemans, H.J.A., Wesselink, R., & Mulder, M. (2020). Combining indigenous knowledge and

modern education to foster sustainability competencies: Towards a set of learning design principles.
Sustainability, 12(17), 6823.
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Abstract

An important step in the endeavor towards a more socially, environmentally, and economically
sustainable world is identifying and fostering sustainability competencies (SCs). There are major
international initiatives that identified sustainability-related goals (the Sustainable Development Goals)
and those that recognized the crucial role of education in achieving such goals (the Decade of Education
for Sustainable Development). There are also academic studies that addressed education for sustainable
development. Usually, such initiatives and studies take Western worldviews for granted. This limits
opportunities for other worldviews which could contribute to sustainability. Itis unclear what indigenous
knowledge and pedagogies, apart from the dominant Western approaches, could help to enhance SCs. To
address this gap, a qualitative study was conducted in Ethiopia, a country with more than seventeen
centuries old indigenous education system and indigenous knowledge. To utilize alternative worldviews
and pedagogies vis-a-vis fostering SCs and incorporating them in modern education systems, five
learning design principles were proposed. These are: define worldviews, utilize indigenous knowledge,
use sustainability-oriented pedagogies, engagelearners, and build on students’ experiences. Theoretically,
the study contributes to sustainability, education for sustainable development, and indigenous
knowledge. The findings may serve as a starting point in designing education and training for broader
sustainability approaches.
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3.1 Introduction

Identifying and developing SCs that enhance the contributions of individuals to sustainability is crucial to
deal with the challenges of unsustainability (Demssie et al., 2019). Among others, education has the potential
to equip students (i.e., future professionals) with SCs. This can be better facilitated when education aims at
meaningfully promoting SCs (Hidalgo et al., 2013) and prepares learners to deal with social, ecological, and
economic challenges (Burns, 2013).

The need for education focusing on enhancing SCs has been recognized by international organizations. In this
regard, the United Nations Decade of Education for Sustainable Development and the Sustainable
Development Goals (SDGs) are worth mentioning. Education for sustainable development (ESD) is a growing
field of research in the scientific literature as well (Grosseck et al., 2019; Sherman & Burns, 2015). However,
ESD and the SDGs tend to be limited to Western educational approaches without meaningfully taking
advantage of indigenous knowledge (IK) and alternative worldviews different from the mainstream,
Eurocentric approaches. Besides, empirical research on pedagogies that are effective in fostering SCs is limited
(Gardiner & Rieckmann, 2015). This limitation is evident at the national and continental levels. Experiences
from Ethiopia and Kenya show that the Western education system is dominant and that it does not build on
the IK in these countries. As a result, Western education received without contextualizing has little relevance
to the students, the context, and national development efforts in Ethiopia (Asgedom, 2005; Owuor, 2007;
Woldeyes, 2017). Moreover, in Africa, as a continent, Western education has been argued to be of little
relevance to societies’ priorities (Heleta, 2016; Kaya & Seleti, 2014) and development efforts (Mawere, 2019).
Challenges related to a lack of sustainability are global; the efforts to deal with these issues should also be
global, with meaningful contributions based on diverse worldviews (Demssie et al., 2019).

IK has the potential to facilitate learning for sustainable development. For instance, lessons can be learned
from the lifestyles of indigenous communities based on harmony with nature and among people (Magni,
2017; Wals, 2019). For this to be achieved, connecting learning with the cultural and historical identity of
learners and the local environment where learning takes place is important.

In Ethiopia, the study context, there is indigenous education and modern, i.e., Western, education. The former
was established and has been implemented by The Ethiopian Orthodox Tewahedo Church (EOTC) since the
fourth century. The latter was introduced in Ethiopia in 1908 by Emperor Menelik II (Pankhurst, 1974).

Western higher education is far from homogeneous. There is a wide variety in terms of quality, access,
financing, and educational philosophy. In recent years, the variety increased because of demands for
profiling. Thus, various institutions capitalized on problem-based learning, some on project-based learning,
others on entrepreneurial learning, and still others on web-based virtual learning. Innovations such as
outcome-based education and competence-based education are more generic, and especially the latter has a
history of over 50 years. Many higher education institutes implemented the ideas of competence-based
education, albeit that they differ in the extent to which they articulated that. It would be hard to defend that
universities would not want to develop competence in their students. However, when we speak about
Western higher education, we do not refer to the models of higher education just mentioned. Rather, we refer
to higher education systems that are well developed in terms of access, facilities, curricula, assessment
strategies, quality control, and research standards. These cut across all models of higher education.

A study by Grigorenko (2007) also characterizes Western (i.e,, modern) education as a globally dominant,
secular system with a structured schedule that uses a curriculum, textbooks, and alphabet (pp. 165, 166).

In Ethiopia, currently, modern education is the predominant one. Recent reports on enrollment demonstrate
this. The 2019 primary education total enrolment in the modern education system was 20,046,357 (Ministry of
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Education, 2019). The current total number of students in the indigenous (EOTC) education is estimated to be
about 100,000 (Mahibere Kidusan, 2019). This shows how the indigenous education is shrinking over time
while modern education has become a becoming mainstream system.

In addition to the indigenous education, other local knowledge sources in the country can be utilized to
enhance students’ competence for sustainable development. However, proper recognition, exploration, and
utilization of IK by decision-makers are lacking.

Understanding the potential of IK is important to facilitate the development of SCs. Integrating modern
education and IK is a possible means to utilize the potential of the latter (Owuor, 2007).

3.1.1  The Ethiopian Orthodox Tewahedo Church education system

A comprehensive description of the church education system is beyond the scope of this study. However, we
present a glimpse overview to provide a context. Isaac (1971) summarizes the different levels and fields of the
church education system as follows:

There are roughly four levels of church education. For the sake of convenience, I shall call them
the Institute of Reading (for Deacons), the Institute of Singing and Dancing (for Priests), the
Institute of Creative Writing (for Scribes), and the Institute of Literature (for Scholars). (p.8)

The church education types and levels have their nomenclature in Ge'ez and specific sub levels, specialization
areas, and learning outcomes. What begins at the lowest level with the introduction to the Ethiopian alphabet
in the “Institute of reading” slowly advances to the higher levels and specializations. Other fields of study
include law, astronomy, philosophy, Ge'ez language, traditional medicine, and history (Isaac, 1971; Milkias,
1976; Pankhurst, 1974). The duration of the study and the choice of the field depends on the individual
student’s interest and determination. An important feature of the indigenous education is that its content is
predominantly based on local scholars. For instance, Isaac (1971) notes that a prominent figure in the church
education system is the sixth century Ethiopian saint Yared. He is credited for inventing the Ethiopian church
music and music notation. Another example is Zara Yaacob, a seventeenth century Ethiopian philosopher.

Asgedom (2005) notes the period and the major locations where the Ethiopian indigenous education
flourished: “Learning centres such as Gondar, Lalibella, Axum and Debre Abai reached their climax at a time
when many European colleges and universities started to appear as innovations, in the 12th or 13th century.”
(p- 4). Therefore, taking Eurocentric approaches as dominant approaches and discarding a well-established
and centuries-old indigenous education system and IK does not seem to help in preparing learners for the
complex challenges of sustainability. Hence, this study aims to explore learning approaches for SCs, the
potential of IK, and the possible means of incorporating IK in modern education to foster the development of
SCs. In the subsequent sections, the theoretical framework, research methods, results, discussion, and
conclusions are presented.
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3.2 Theoretical Framework

In this section, the key elements of this study are discussed. These are, international initiatives concerning
sustainable development goals, the role of education to facilitate sustainability, SCs, learning approaches, and
IK vis-a-vis enhancing such competencies.

3.21  Education for Sustainable Development

Education for sustainable development, also referred to as education for sustainability, is a type of education
that intends to foster SCs in students (Sherman & Burns, 2015). Education for sustainable development is a
growing research area (Grosseck et al., 2019; Sherman & Burns, 2015). In recognition of the crucial role
education has in developing the competencies required for sustainable development, in 2002 the UN
proclaimed the decade starting from 2005 as the United Nations Decade of ESD. Reiterating the significant
role of education for sustainability, UNESCO (2018) stated that ESD has been included in one of the SDGs.
However, the ESD discourse itself is criticized for being confined to Western education and ignoring IK
(Breidlid, 2009). Disregarding IK is considered a major limitation of modern education in Ethiopia (Asgedom,
2005), and in Africa (Negash, 1996).

3.22  Sustainable Development Goals

A major step by the United Nations to deal with serious global challenges is the preparation of the SDGs.
Target 4.7 of Goal 4 recognizes the need for certain SCs and the role of ESD in fostering these competencies.
Nevertheless, the SDGs are criticized for not recognizing and including IK as a viable opportunity in the effort
of achieving the global goals. Cummings, Regeer, de Haan, Zweekhorst, and Bunders (2018) determined that
in the process of preparing the SDGs, a technical support team and stakeholders representing indigenous
groups provided advice about the potential of IK and in which areas this knowledge could contribute.
However, “these discourses were virtually abandoned by the time that the SDGs were approved.” (p. 737).
The authors further point out that “developed countries and the corporate sector were very influential in
determining the final text and were probably instrumental in excluding more transformational discourses and
maintaining the status quo.” (p. 727, 728).

3.2.3  Sustainability Competencies

Demssie et al. (2019) define sustainability competencies as the “integrated knowledge, skills, and attitudes
that facilitate efforts to sustain relevant human and natural resources and enable social, environmental, and
economic progress of current and [future] generations” (p. 830). We use this definition in this study.

3.24  Learning Approaches for Sustainability Competencies

As the effectiveness of traditional knowledge-oriented and passive learning for developing SCs is questioned,
the utilization of learner-centered approaches is recommended by many (Figueiré & Raulfflet, 2015;
Hesselbarth & Schaltegger, 2014; Rieckmann, 2012; Segalas et al., 2012). The latter approaches make learners
“active knowledge producers instead of passive recipients . . .” (Figueiré & Raufflet, 2015, p. 28). Specific
active learning strategies frequently suggested for sustainability include problem-based learning, experiential
learning (Evans, 2019; Figueird & Raufflet, 2015), action-oriented learning (Evans, 2019; Sinakou et al., 2018),
and “real-world experience and service-learning” (Molderez & Ceulemans, 2018b, p. 4401).
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3.25  Indigenous Knowledge and Sustainability Competencies

IK is a comprehensive system of a particular society that encompasses its worldviews, practices, laws, holistic
know-how, and guidelines regarding interrelationships within the society and with the natural environment
(Bechtel, 2016; Berkes et al., 2000; Guerrero-Gatica et al., 2020; Magni, 2017; Stevens, 2008). It includes the
means of learning and perpetuating the knowledge (Owuor, 2007). Demssie et al. (2019) identified the
‘Competence to utilize indigenous resources for sustainability” as one of the competencies required to facilitate
efforts towards a more sustainable life. This competence entails capabilities to recognize and utilize the
potential of IK for sustainability. The practice and potential of indigenous ecological knowledge and natural
resource management have been documented (Boiral et al., 2020; Guerrero-Gatica et al., 2020; Rist et al., 2010).
The use of IK for wildfire management is another example out of several potential applications of IK for
sustainability (McKemey et al., 2020). Lozano et al. (2017) note that IK has the potential to help students learn
“the ways that socio-ecological systems are integrated in specific cultures. The long-term knowledge of
complex local ecosystems is a powerful tool for conserving biodiversity, often providing valuable deep-time
information that is inaccessible in the shorter timeframes of Western scientific research projects.” (p. 9).

The Western higher education system is argued to be “trended towards knowledge specialization,
reductionist thinking, and the creation of disciplinary silos” Therefore, to deal with sustainability issues
“integration of knowledge about natural and human systems, holistic thinking ”
(Remington-Doucette et al., 2013, p. 405). Hence, exploring and integrating alternative worldviews and ways
of knowing is important to complement the dominant modern education. Agrawal (2009) notes that “there

is recommended

are potentially as many different ways of knowing as there are knowers!” (p. 158). Recognizing and utilizing
diverse worldviews and knowledge systems is crucial. However, even in some of the attempts to integrate IK,
it is usually considered inferior to the mainstream knowledge (Magni, 2017).

Despite the significance of IK for sustainable development, there is limited research on how to develop SCs
utilizing IK (Breidlid, 2009; Grosseck et al., 2019). We conducted this study to address the following research
questions.

1. What indigenous knowledge can be utilized to enhance the sustainability competencies of
higher education students?

2. What learning approaches foster sustainability competencies in higher education?

How can indigenous knowledge be included in modern higher education systems to
enhance sustainability competencies?
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3.3 Methods

As a means of triangulation, we sourced data from two groups of purposely selected experts and used two
data collection methods. These were focus group discussions (FGDs) with education experts, and open-ended
questionnaire items to collect data from respondents with expertise in both sustainability and education.

3.3.1  Focus Group Discussions

Preparation of Questions for the Focus Group Discussions

A list of draft questions to guide the FGDs was prepared by the first author based on the theoretical framework
discussed above. The questions were improved using inputs from the other co-authors and two faculty
members of Addis Ababa University with extensive relevant experience.

Recruiting Focus Group Discussion Participants

To qualify as an expert and participate in the FGDs, the possession of at least a master’s degree and three
years’ teaching and research experience in an accredited higher education institution in Ethiopia was required.
In addition, participants should have practical experience in designing curricula, training university lecturers,
publication of journal articles, conference papers, textbooks, or policymaking.

Addis Ababa University (AAU), Bahir Dar University, and Wollo University were purposely selected as
sources of experts. The first two were selected for being among the oldest and well-established institutions
with higher education fields. Wollo University was selected because it is one of the young universities in the
country. This was considered an opportunity to involve a variety of faculty members with different
demographic features to produce diverse perspectives.

We used university websites and resource persons to identify potential experts. Following this, an invitation
letter was sent to ten potential participants each from among academicians at AAU and Bahir Dar University
and seven at Wollo University. In the letter and follow-up face-to-face and telephone conversations, we gave
operational definitions of the key concepts for a common understanding. The letter also explained the purpose
of the study, that audio would be recorded, anonymity is guaranteed, and that their acceptance of the
invitation is considered as giving consent.

Eight experts from AAU, seven from Bahir Dar University, and five from Wollo University, i.e., a total of 20
experts, participated in the three FGDs. Just before the FGDs, they completed a demographic questionnaire.
The demographic characteristics of the FGD participants are given in Table 3.1.
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Table 3.1

Demographic characteristics of the focus group discussion participants

Variable Frequency Percentage (%)
Education

PhD 14 70

Master’s degree 6 30
Gender

Male 18 90

Female 2 10
Industry experience

Yes 9 45

No 11 55
Academic Rank

Associate 4 20

Professor

Assistant 10 50

Professor

Lecturer 6 30
Age

55-64 years 2 10

45-54 years 7 35

35—44 years 4 20

25-34 years 6 30

Not Given 1 5
Experience

>33 years 4 20

27-32 years 1 5

21-26 years 2 10

15-20 years 3 15

9-14 years 5 25

3-8 years 5 25
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Focus Group Discussion Procedure

Before the actual FGDs, a trial FGD with eight full-time lecturers of AAU was conducted to estimate the
required time and prepare for the actual FGDs. The actual FGDs were conducted in 2017 and 2018 at AAU
and Bahir Dar University. All the FGDs were audio-recorded. The average duration of the FGDs was 1 h and
27 min. The first author moderated the FGDs.

The moderator and participants used numbers, not names, to represent participants and keep them
anonymous. When necessary, the moderator asked probing questions to better understand the participants’
reasonings and arguments. For instance, when one of the participants said, “we have to make our curriculum
Ethiopianized.”, the moderator asked, “Can you elaborate a bit on Ethiopianization of the curriculum?”

3.3.2  Open-Ended Questionnaire Items

In addition to the FGDs, qualitative data were collected from 14 other experts. Each of them had expertise
both in sustainability and education. These experts had participated in our earlier study (Demssie et al., 2019)
on the identification of SCs. Eight of the fourteen participants were PhD holders; the remaining six were
master’s degree holders. The group consisted of young professionals with experience ranging between nine
and fourteen years and seniors with more than twenty-seven years of experience. In the criteria for inclusion
of participants, it was indicated that the experience could be gained in accredited higher education institutions
as educators or researchers, or in the industry related to participation in negotiations, policymaking, training,
or consultancy. Besides, it was required that an expert should have either taken or taught a course, published
an article, or presented a conference paper related to sustainable development. The open-ended questions
they answered were “What learning approaches do you recommend fostering SCs in higher education
students? Why?”

3.3.3  Data Analysis

Analysis of Data from the Focus Group Discussions

An iterative process of inductive analysis was used. It started during the FGDs by taking note of the main
points raised by participants. After repeatedly listening to the recorded audios to become immersed in the
data, they were transcribed verbatim. Then, a preliminary analysis was conducted for each FGD by breaking
down the texts and identifying the main themes. These themes were then labeled. Following this, similar
points with the same labels from each FGD were collected and categories were identified. For instance, the
participants made points about the contribution of students in knowledge construction, the need for students
to have opportunities to learn, the effectiveness of learning approaches that facilitate engagement, and so on.
These similar themes were grouped to form a category called ‘engagement’. This process was repeated for all
the FGDs.

Analysis of Data from the Open-Ended Questionnaire

Responses of participants to the open-ended questionnaire items were compiled verbatim. Subsequently, a
preliminary analysis was conducted by breaking down the texts and identifying the main themes. These
themes were then labeled. Following this, similar points with the same labels were collected and tentative
categories were identified.
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Categories from the Focus Group Discussions and Open-Ended Items

All categories were collected from the FGDs and the open-ended items to form a list of preliminary categories.
Co-authors held a meeting to discuss the improvement of these categories and their descriptions that resulted
from the said process.

In addition to the two methods of data collection (FGDs and questionnaire items) and two groups of experts
(education and sustainability), we used member checking as a means of validity. Two participants from each
of the FGDs reviewed a summary of the major findings of the data analysis. They confirmed that the points
they made and the overall FGDs had been properly represented in the summary of the findings. Figure 3.1
summarizes the whole research process.

Problem identification

L L

Preparation of open-ended

Preparation of focus group . o
. . . questionnaire items
discussion questions

U U

Recruiting participants (n=14)

Recruiting participants (n=20)

. )

Focus group discussions (n=3) Data collection

AN \

N 4

Analysis, results, and discussion

Figure 3.1 Summary of the research process.
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3.4 Results

The results are organized as follows: the use of IK, learning environments and pedagogies in modern
education, and possible ways of integrating the two to foster SCs.

3.4.1 Indigenous Knowledge to Enhance Sustainability Competencies

The findings regarding IK are related to the indigenous Ethiopian Orthodox Tewahedo Church (EOTC)
education and other IK in Ethiopia. The participants raised points about the limitations of the modern
education in Ethiopia and the need to utilize IK. The specific types of IK they discussed include farmers’
weather forecasting knowledge, natural resource management, wegesha (bone setters), and shemane
(traditional weavers). Participants’ inputs to IK and developing SCs are organized under the topics: (1) current
situations of modern education and (2) the relevant features of the EOTC education system that can be utilized
to enhance SCs.

Current Situations of Modern Education in Ethiopia

The modern education in Ethiopia is detached from Ethiopia. Participants stressed that the current education
system, its philosophy, and its elements, e.g., the curriculum, the content, and the methods of delivery are
imported and have not been adequately localized. Failure to value, explore, and build on the Ethiopian IK
and accepting the Western education system as it is created the education—reality gap. Participants noted that
the imported system is Eurocentric in nature and that it does not fit the collectivist culture of Ethiopia. As a
result, what students study in schools has little relevance to the reality of their environment.

Features of the Ethiopian Orthodox Tewahedo Church Education System

Participants identified the following features of the EOTC education system as having the potential to
contribute to the development of SCs, directly or indirectly.

Elaborate system—the education system has clearly defined goals to be achieved at each stage of the
educational trajectory. It takes thirty or more years to complete the highest levels depending on the
performance of the individual student. Some participants in our study compared the highest levels of the
church education to postgraduate levels of modern education.

Group dynamics and peer support—students at different grade levels (i.e., beginners, intermediate, and
advanced) learn together. With this arrangement, peer support and collaboration culture are nurtured. The
system makes senior students (or fast learners) responsible to support (tutor) their juniors (or slow learners).
The system also addresses fast learners as they are given additional tasks. A participant described this feature
as “it is when the senior students cannot solve a certain problem (or if the students do not agree on the
solution) that they go back to their teacher.”

A mix of lecture and independent learning —when students start learning for the first time, the teacher gives
a lecture. Then, the learners are guided to learn by themselves with a little support.

The role of teachers—the teachers in the churches are highly proficient and passionate about what they teach.
They engage and manage their students. They limit their talk, observe learners, and intervene only when a
learner misses something.
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The use of local languages— Ge'ez is the major Ethiopian language in the church education system and most
of the documents in the church are written in Ge'ez. Nevertheless, participants pointed out that the
appreciation, exploration, and promotion of local languages in which important literature from thousands of
years has been accumulated was lacking at the decisionmakers’ level. Participants noted that foreign academic
institutions are aware of the value of this language and the literature preserved in it; arguing that several
Western universities offer courses related to the Ge'ez language.

3.4.2  Conducive Learning Environments to Foster Sustainability Competencies

Participants discussed the following as important aspects of learning environments in the modern education
system to facilitate the development of SCs.

Worldviews

To be effective and relevant, education systems should fit the worldviews of the particular context.
Participants suggested the need to clearly define and use Ethiopian worldviews as a framework to redesign
the country’s education system. They explained collectivism as the dominant outlook in the Ethiopian and
African context versus individualism in the Western context.

Extending Learning to Society

Currently, learning is confined to classrooms and disconnected from the reality in the study context. It is
detached from social values, the reality outside classrooms, and students’ lives. Students memorize content
and assessment is based on testing memory. One participant noted: “I can boldly say what we do in the
classroom is completely detached from the outside reality and the environment that the students are living
in.”

To deal with this problem and make learning relevant to enhancing SCs, participants emphasized the need
for learning to go beyond the walls of a classroom and be connected to the context. It should be connected to
societal priorities, students’ lives, and the industry. A participant strengthened this, saying, “schools are
miniature society, we say.” Linking learning and communities helps to develop competencies related to the
social and environmental aspects of sustainability. A participant noted how this can be done: “extend the
school to the community [using] community projects. Can students develop, for instance, springs for a very
poor community? In many rural areas, schools have land. So, can we use these as centers of agriculture
innovation?”

Curriculum

Participants expressed their concerns that the curricula in the Ethiopian education system were not guided by
relevant worldviews. To fit the philosophical orientation of the nation, it is recommended that the curricula
should be reviewed and updated. Accordingly, the education system should utilize local resources and
contexts and localize the content of curricula.

Engagement Opportunities

Participants noted that in the current education system, teachers have authority and dominate the learning

process, using most of the time for knowledge transmission. As a result, students have limited opportunities

to practice skills and to learn through interactions, discussions, brainstorming, and thinking. They depend on
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the teacher. One participant noted: “teachers talk too much as if class time is given only for teachers.”
Participants discussed the need to limit the role of teachers to that of role models and coaches saying: “a
teacher is a coach. And, a coach does not play in a game.” To enhance the effectiveness of learning in fostering
SCs, participants emphasized the need for the meaningful engagement of students. Providing opportunities
for students to use the learning time, explore their environment, and make sense of the content is crucial to
develop SCs. Participants suggested that such environments encourage students to think and interact with
each other and with the environment.

Students’ Local Experience

When designing and implementing learning for SCs, the cultural capital students bring from different places
should be utilized. Also, the results of this study indicate that it is important to consider the interest,
experiences, economic status, and backgrounds of students.

Pedagogical Approaches

Participants noted that there is not just one pedagogical approach relevant in all situations. The appropriate
pedagogy depends on the specific purpose, subject, students’ background, and other factors. The following
pedagogies that facilitate engagement, prepare students for future sustainability challenges, and help them to
be fit, i.e., competent in society, have been suggested.

e  Cooperative Learning

Stressing that Ethiopia is a multicultural country, participants suggested cooperative learning to create
opportunities for students from different backgrounds to work together and acquire competencies for social
sustainability. A participant noted the importance of diversity in cooperative learning, “when we use
cooperative learning, the groups are sometimes based on compatibility (similarity) in terms of ethnicity, sex,
language, or religion. And in that case, that cooperative learning would not help us to achieve this inclusion
or social justice competency.”

¢  Learning by Doing

Practice/learning by doing helps to foster sustainability-related knowledge, skills, and attitudes in an
integrated fashion. For this to be effective, the use of mandatory extracurricular activities related to the desired
competence was suggested.

e Modeling

Participants suggested modeling as a means to influence students’ attitudes. They explained that in Ethiopia,
there is a culture of modeling parents, teachers, elders, religious leaders, and others. This can be utilized to
contextualize learning and address the attitude aspect of competence by involving role models and using the
stories or achievements of people.

¢  Place-Based Learning

Involving diverse groups of students and teachers from different study areas to solve sustainability-related
local problems was suggested by participants. This approach allows students to learn from and work with
interdisciplinary groups. A participant shared the preparation they are making to use place-based learning as
follows.

Currently, water hyacinth, an aquatic plant, infestation in Lake Tana, i.e., the largest lake in
Ethiopia and the source of the Blue Nile (i.e., Abay, as Ethiopians call it), is a burning issue. We
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formed a team and identified this as our local problem for place-based learning. The objective
was to engage students from different departments to participate in this learning approach.
For instance, students from chemistry, geography, biology, mathematics, and other
departments could involve in this process. This gives students the opportunity to work
together to explore the problem vis-a-vis the different disciplines’ points of view and identify
potential solutions.

. Field Trips

Several participants suggested fields trips as one of the effective learning approaches in enhancing SCs of
learners. Participants from one of the three universities participating in this study shared their experience
with the use of field trips.

We took our students to local charity organizations in Addis Ababa that care for the elderly
and mentally disabled people. The students were touched by the experience and expressed the
positive effect of the trip on their readiness to help their community. We understand that the
effect of the trip was more significant than the discussions they had in class about related
topics.

¢ Information and Communication Technologies (ICT)

ICT-supported strategies including simulation were suggested to affect the attitude aspect of SCs. Participants
suggested that topics related to environmental sustainability including the impact of climate change and
deforestation as appropriate to be visualized using ICT. They noted that ICT enables the preparation of such
content and creating access to students across the country.

e  Real-World Learning

Real-world learning is suggested as an effective method to help students learn the social and environmental
aspects of sustainability. A participant strengthened this, explaining how students learn, “(in the classroom)
they learn their environment, the physical environment, and the social environment subjectively. They are
just narrating. The teacher is narrating. But it’s invisible to the students. Students should go out and enquire
the nature, and society.”

3.43  Possible ways of incorporating indigenous knowledge in the modern education to
enhance sustainability competencies

Integration of IK and modern education is crucial to realize the untapped potential of IK. Based on the results
of the data analysis, the following possible ways of integrating IK and modern education are identified.

Define Ethiopian Worldviews

In its current form, the relevance of modern education in Ethiopia is questioned by participants. That is, the
education system and the worldview it is based on are not Afrocentric or Ethio-centric (focusing on Ethiopian
history or culture). Participants noted that the collectivist culture of Ethiopia requires educational approaches
relevant to such worldviews. To enhance the relevance of education and utilize both modern and indigenous
approaches, the consideration of Ethiopian worldviews as a framework is recommended.
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Local Content and Examples

When teaching theories, principles, and so on, the use of relevant real-world local applications can make
learning more effective and concrete. The following example given by a participant explains this.

In psychology (classical conditioning and) operant conditioning we only talk about Pavlov’s
dog and Skinner’s rat. But there are real-world applications in our context. One among these
is, how farmers train their oxen to work their land. They use operant conditioning. Let’s go to
our society and benefit from what'’s already there.

Apprenticeship

Learning in the modern education in Ethiopia is confined to classrooms. The opportunities in the local
environment have not yet been taken advantage of. For instance, indigenous ecological practices, the activities
of wegesha, and shemane can be used to let students go out. As such, students may learn from society and
come back to classrooms for reflection. Participants also suggested using local expertise related to chemistry.
Also, topics such as distillation and fermentation could benefit from local knowledge of traditional drink
making.

Indigenous Experts as Guest Lecturers

People with IK should be included to teach parts of a course (in the modern education) where their expertise
is relevant. This helps learners to gain practical experience and makes learning more meaningful for them. An
example regarding the relevance of IK for social sustainability relates to healthcare. The majority of the
Ethiopian population and livestock depend on indigenous medical practices. Another example by a
participant: “Indigenous weather forecasting knowledge of farmers is one applicable IK. The farmer observes
different features of the sky and predicts the weather.” Exploring and improving such IK and learning these
from indigenous experts were suggested by participants.
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3.5 Discussion

To facilitate different stakeholders’ endeavors towards a socially, environmentally, and economically
sustainable world, identifying relevant knowledge, skills, and attitudes, (i.e., SCs) is crucial (Demssie et al.,
2019). These competencies should be acquired by students and professionals in areas related to sustainable
development. One of the means to foster learners’ competencies is education, purposely designed to facilitate
this. However, current approaches to developing SCs are dominated by Eurocentric approaches and these
approaches do not always connect with the Ethiopian context. Therefore, this paper aims to explore learning
approaches for SCs, and the potential and ways of integrating IK to facilitate the development of SCs in
Ethiopia. Based on the main findings, to make learning effective in fostering SCs, we propose the five learning
design principles in Table 3.2. The principles summarize the importance of worldviews, the potential of IK,
the learning environment and pedagogies in modern education, and the possible ways of integrating the two
systems to foster SCs.

Table 3.2

Learning design principles

No. Principle Description

1 Define worldviews Define worldviews of the context where learning happens and use them as a
framework to design the education system.

2 Utilize indigenous Use local content, languages, and examples; apprenticeship to explore IK;
knowledge local experts as guest lecturers; IK courses in modern education.
3 Build on students’ Take advantage of the diverse interests, backgrounds, and

local experiences cultural resources students bring from their localities.

4 Provide engagement Create an enabling environment for learners to play active roles in the
opportunities learning process.

5 Utilize sustainability- Use pedagogies relevant in fostering SCs including field trips, cooperative,
oriented pedagogies practice-based, and place-based learning.

In Table 3.2 ‘IK’ stands for indigenous knowledge and ‘SCs’ stands for sustainability competencies.

In this section, we discuss the above design principles in relation to our findings and the related literature.

3.5.1 Define Worldviews and Use Them as a Framework

It is important to consider the worldviews and priorities of the context where learning happens
(Neeganagwedgin, 2013; Wals, 2007). Without this, learning would be disconnected from reality. In Ethiopia,
participants expressed concern that the modern education was divorced from the context. The imported
modern system is implemented without making adjustments to fit the Ethiopian sociocultural, historical, and
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other contexts. This disconnected the curriculum, learning activities, and contents from the students” social
values and the environment.

The modern education in Ethiopia does not play a meaningful role in national development efforts because it
disregarded the IK in Ethiopia (Asgedom, 2005; Woldeyes, 2017). Mawere (2019) argues that in Africa at a
continental level, the content of the imported Western education has little relevance to the context.

The modern education system introduced in Ethiopia did not only ignore IK as if it was irrelevant, it produced
learners who detested their tradition and values (Kebede, 2006). The system produced “Westernized elites”
who considered the schools in the indigenous education as “conservatives and irrelevant to the development
needs of the country” (Asgedom, 2005, p. 8). According to Negash (1996), the major limitation of the modern
education system in Ethiopia is its disregard for the indigenous education system that existed before it. The
disconnection between the indigenous Ethiopian education and the modern education created graduates that
are disconnected from their society (Woldeyes, 2017).

The Ethiopian worldviews and the Eurocentric modern education system keep going without one
significantly influencing the content and characteristics of the other. For instance, Negash (1996) states, “the
idea of the school and its curriculum as it operates in Ethiopia today came with Europeans. Although schools
organised along European lines have been functioning for nearly a century, the school system still retains its
foreign origin and character.” (p. 31). This created what participants identified as a gap between the European
education system and the Ethiopian cultural and worldview context. Asgedom (1998) puts this as “the two
cultures have been in contact for more than 100 years. Yet, the Ethiopian culture remained Ethiopian and the
Western is Western (p. 2).” Hence, to be relevant, education should build on the worldviews of the context
where the learning happens (Asgedom, 2005; Owuor, 2007; Woldeyes, 2017).

To address sustainable development-related issues, it is crucial to recognize that dominant Western
worldviews are not universal and that there are diverse worldviews. Valuing and utilizing multiple
worldviews facilitates a better understanding of sustainable development and the engagement of various
actors in the efforts towards a more sustainable world (Van Opstal & Hugg, 2013).

Hewitt (2000) strengthens this as “learning is culturally based and thus every method of teaching and learning
must take cognizance of the learner’s worldview” (p. 111). Lack of this consideration creates the education-
reality gap.

Participants emphasized the need for an educational system that incorporates learning methods and content
inspired by Afrocentric/Ethio-centric thinking to fit the collectivist worldviews of the Ethiopian context. Isaac
(1971) suggests maintaining the Ethiopian indigenous learning in relation to national identity “if Ethiopian
self-understanding and national consciousness are to remain, a major portion of the subjects of traditional
learning in the three higher levels of study must be retained” (p.12). A participant explained the philosophical
difference between what she called the “Western dualistic worldviews and African/Ethiopian harmony/unity
assumption”. Accordingly, the participant described the former as classifying “everything versus everything
else; nature versus technology . . . expanding infrastructure at the expense of nature...” She argued that
Ethiopian worldviews “maintain nature and infrastructure at the same time” providing the example of the
monolithic rock-hewn churches of Lalibela, a UNESCO world heritage site in Ethiopia. “It maintains both
infrastructure and nature together. It is a natural rock; it was already there. The rocks are shaped exactly
where they were into something. It is important to challenge the dualistic mindset to inculcate values related
to sustainability.” Kaya and Seleti (2014) agree with this participant as they characterize the African
indigenous knowledge system as “holistic and community-based” (p. 41).
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Holistic approaches are crucial for sustainability education (Remington-Doucette et al., 2013). Hence, this is
one of the possible areas indigenous worldviews can complement Western education to deal with the
reductionist feature of the latter.

3.5.2  Utilize Indigenous Knowledge to Develop Sustainability Competencies

Ethiopia is a multicultural country with more than eighty ethnic groups. Each group has its own IK Negash
(1996). Here, we discuss the IK of Ethiopia related to the indigenous Ethiopian Orthodox Tewahedo Church
education system and other types of IK highlighted by participants. In addition to offering the indigenous
Ethiopian education, the Church plays a direct role in natural resource management, particularly forest
biodiversity conservation. Forests are one of the distinguishing features of the EOTC. Klepeis et al. (2016)
summarize the contributions of the EOTC as

what is clear is that church forests protect some of the last native forest in South Gondar . . .,
contain many of Ethiopia’s endangered plant and invertebrate taxa . . ., support the highest
richness of tree species in the region . . ., and provide a range of social benefits to community
members. (p. 718).

The number of church forests in Ethiopia is considerable. Orlowska and Klepeis (2018) documented the
existence of 8000 church forests in just one of the regional states, i.e., Amhara Regional State. Negash (1996)
notes the potential of religious institutions in Ethiopia vis-a-vis sustainability education suggesting that such
institutions “can indeed form the basis for launching a sustainable environmental education programme.” (p.
40).

Lessons from the Features of the Indigenous Ethiopian Church Education and IK

Major features of the EOTC emphasized by participants are discussed in Section 3.4.1. Participants described
this education system as an elaborate system and compared the highest levels of the church education to
advanced degrees in the modern education. Similarly, some authors compared the highest learned scholars
in the church system to professors in the Western context (Pankhurst, 1974). Isaac (1971) concludes that “any
graduate of the Scholar’s Institute (the highest level of the church education), by the schooling for at least
thirty years, is as competent as any well-trained theologian in Europe or America in sophisticated
philosophical and theological discourse.” (p.10)

The modern education can benefit from some features of the indigenous EOTC education. Possible lessons
related to the use of local languages and content are discussed below. The Ethiopian language Ge'ez (6M),
also known as Ethiopic, is of paramount significance because the recorded and ancient IK of Ethiopia is
preserved mainly in this language. Knowledge of Ge'ez enables learners to access IK, especially the ones
related to EOTC. Participants pointed out that cognizant of its value, several universities in Europe and North
America offer courses related to Ge'ez. The results of an internet search confirmed that several universities in
different countries offer Ge'ez-related courses (See Appendix I). However, as suggested by participants, the
proper appreciation of the value and efforts to explore the language were lacking at a national level in
Ethiopia. In recent years, however, the number of Ethiopian universities realizing the potential of the language
and offering related courses is increasing. This facilitates the cooperation between scholars of the modern
education and the church education. In addition, the use of local languages could address education quality
issues caused by students’ lack of adequate proficiency in the English language, the medium of instruction in
the Ethiopian higher education system. An earlier study identified language limitation to be one of the factors
affecting the quality of education at Addis Ababa University (Demssie, 2012).
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Valuing and utilizing local content are also important features of the church education system. Examples of
revered Ethiopian scholars whose works are used as core contents of the EOTC include the sixth century
Ethiopian saint Yared, known as the creator of Ethiopian music and music notation, and Zara Yaacob, a
seventeenth century Ethiopian philosopher (Isaac, 1971). The important lesson for sustainability competence
development is the recognition and utilization of local content. Focusing on local opportunities and local levels
facilitates progress towards a more sustainable world. Lotz-Sisitka, Wals, Kronlid, and McGarry (2015)
explain the benefit of local level sustainability endeavors. They note that “transformations to sustainability
occur in ‘niches’ at local level, and it is from this level that wider social changes and regime shift
transformations can be driven/emerge” (p. 77). The absence of this feature from the Ethiopian education
system was identified as the major limitation that created an education-reality gap.

Another aspect of the EOTC education is group learning. It facilitates peer support and collaboration. The
benefit of cooperative and collaborative learning for sustainability is recognized in the literature as well
(Crofton, 2000).

Ways of Utilizing Indigenous Knowledge to Foster Sustainability Competencies

To utilize IK and make modern education relevant, exploring the former and integrating the two is key.
Hewitt (2000) explains the benefits of integrating indigenous worldviews as follows.

“Our global perspectives would gain immeasurably if we could incorporate some elements of
this holistic worldview into our interpretation and understanding of the world we all inhabit.
The outcome could be a less aggressive and combative lifestyle that is in tune with the natural
world. The world we hold in trust for future generations could be given time for regeneration.”

(p. 117)

There are education programs that have integrated indigenous and modern education in areas related to
sustainability. Here we mention two of them. The first one is a minor program in Forestry, Natural Resources,
and Environmental Programs at California Polytechnic State University (Verma et al., 2016). The researchers
who studied the minor program vis-a-vis its curriculum and student feedback determined that integrating
modern education and IK, traditional ecological knowledge in this case, “can provide a more rounded
preparation for students in forestry, natural resources, and other professional areas . . ., the opportunity to
study and gain experience in diversity learning and understanding of other perspectives . ..” (Verma et al,,
2016, p. 654). The other example is a study conducted in Indonesia using a learning approach that combined
IK and modern education in chemistry. Specifically, it focused on pesticide use. The researchers conclude that
“learning by integrating perspectives of indigenous and Western science aided students’ insight. It showed
them that chemistry learning can be enriched by an interconnected system of worldviews in order to find
solutions to sustainability issues”(Zidny & Eilks, 2020, p. 1).

Participants suggested possible ways of incorporating IK in the modern education so that the two knowledge
systems could complement each other (Section 3.5). One among these is involving local people with IK as
guest lecturers in sustainability learning, such as indigenous weather forecasting, medical practices, and
natural resource management. Thus, for local people to contribute to sustainability, they should be involved
“in the core function of higher education, i.e., teaching and research...” (Kaya & Seleti, 2014, pp. 41-42).

Apprenticeship opportunities for students to explore and practice IK relevant to SCs were suggested by
participants. One such indigenous practice is the integrated approach of the Konso people in Ethiopia, a
UNESCO World Heritage. It involves, among others, population control, water and soil conservation using
stone terraces, and the mobilization of labor (Beshah, 2003).
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Launching university programs in IK is another means suggested to utilize IK. For instance, the higher levels
of the EOTC education are suitable for higher education study (Isaac, 1971). Glasson, Mhango, Phiri, and
Lanier (2010) point out that IK systems and Eurocentric knowledge systems should complement each other
and suggest the inclusion of IK in the modern curriculum.

3.5.3  Build on Students’ Local Experiences

Students’ experiences from diverse cultures are important assets that need to be utilized in sustainability
education. Hence, capitalizing on learners” IK complements and contextualizes modern education. As such,
students become active contributors and their level of engagement is taken to a higher level in the process of
fostering their SCs. Lozano et al. (2017) state that “by highlighting indigenous knowledge systems and values,
instructors and students can also help to sustain threatened cultural diversity and heritage . . ., This can be
especially beneficial for students from indigenous communities, who may feel alienated or unrepresented”
P-9)

Apart from being disconnected from Ethiopian worldviews, the learning environment in Ethiopia is confined
to classrooms and dominated by lectures. Hence, utilizing students’ experiences helps to deal with this
situation by extending learning to society. Participants stressed the need for students to explore their
environment and make sense of the content. In sustainability education, pedagogies “that directly involve
students in learning and practicing transdisciplinary engagement in service to sustainability” are relevant to
foster SCs (Evans, 2019, p. 1).

3.54  Provide Engagement Opportunities

The current situation in the context under study deprives learners of the opportunity to meaningfully engage
in the learning process. Students depend on the teacher and are given little time as the focus is on knowledge
transmission. Previous studies questioned the effectiveness of learning approaches that make students passive
recipients in fostering SCs (Figueiré & Raufflet, 2015; Hesselbarth & Schaltegger, 2014). To develop SCs,
students need to explore their environment and contribute to knowledge creation. Figueiré and Raufflet (2015)
suggest that learners should be “active knowledge producers instead of passive recipients . . .” (p. 28).
Accordingly, several of the pedagogies recommended for sustainability learning are those that provide
engagement opportunities for students (Eilam & Trop, 2010; Evans, 2019; Kioupi & Voulvoulis, 2019;
Molderez & Fonseca, 2018; Sinakou et al., 2018).

3.5.5  Utilize Sustainability-Oriented Pedagogies

Participants recommended pedagogies that help students acquire SCs through meaningful engagement.
These include field trips, cooperative, practice-based, place-based, and real-world learning. These are
consistent with the pedagogies suggested in the literature to foster SCs (Evans, 2019; Molderez & Fonseca,
2018; Sinakou et al., 2018). Earlier researches also identified action-oriented learning as effective and relevant
to develop SCs (Sinakou et al., 2018). Place-based learning and field trips were suggested by participants
because these approaches give students real-world experience and the opportunity for meaningful
engagement. These are crucial for developing SCs (Molderez & Fonseca, 2018). Participants also
recommended cooperative learning to foster social sustainability, specifically social justice and inclusion
competence. This competence was identified in an earlier study as important for sustainable development
professionals (Demssie et al., 2019).

The five learning design principles discussed above are interrelated. The achievement of one facilitates the
achievement of the other. For instance, defining the worldviews of a certain context helps to identify relevant
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IK and possible ways of integrating IK with the modern education. The use of sustainability-oriented
pedagogies facilitates the engagement of students. Engagement opportunities enable the utilization of
students’ experiences, and so on.

Wesselink, Biemans, Mulder, and Van den Elsen (2007) developed principles of competence-based vocational
education. Among others, the principles they identified include the need to define competencies, learning in
authentic situations, and the self-responsibility of learners (p. 8). The current study focuses mainly on
developing SCs and its findings agree with the principles listed above.
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3.6 Conclusions

This study aimed to achieve three objectives. The first one was to explore what IK can be utilized to enhance
SCs. In this regard, some features of the indigenous Ethiopian Orthodox Tewahedo Church education system
were recommended. These include collaborative learning in a form of peer support, the use of local languages
and content, and respect for local scholars. In addition, the Konso people’s integrated natural resource
management knowledge and other IK related to weather forecasting and traditional healthcare practices were
identified as potential means of enhancing education for sustainability.

The second objective is related to the modern education system in Ethiopia. Currently, the relevance of the
imported modern education is questioned as its underlying worldview and content were not meaningfully
contextualized to the Ethiopian reality. We explored how to enhance the relevance of this system to the
Ethiopian context and facilitate its contribution to fostering SCs. Major points such as reorienting learning to
fit relevant worldviews; extending learning to society; meaningfully engaging learners; utilizing students’
experience; and using appropriate sustainability-oriented pedagogies were found to be important.

The modern education system introduced in Ethiopia did not appreciate its predecessor, i.e., a seventeen
centuries-old Ethiopian indigenous education system. The thousands of years old knowledge was deprived
of the chance, at least, to be meaningfully explored for its merit. The modern education considered it irrelevant
and excluded it. Hence, the two education systems are not benefiting from each other. To address this
situation, valuing, exploring, and defining Ethiopian worldviews was suggested. Once this is done, the IK
relevant to sustainability could be identified and incorporated in the modern education to help make the latter
more holistic and relevant to the context where education happens. This concerns our third objective, i.e.,
identifying possible ways of incorporating relevant IK in modern education to enhance SCs. According to the
findings, this can be facilitated by, among others, utilizing local languages and content, and involving local
people with relevant IK as guest lecturers. Utilizing IK and indigenous education systems should not mean
avoiding knowledge from other contexts. Rather, it should mean respecting multiple worldviews and
openness to capitalize on them where appropriate.

Opverall, the results of this study indicate that ESD should not begin from pedagogies; it should start from the
worldviews on which the pedagogies are based. It is important to link education to the cultural, traditional,
and historical identity of learners and the context at large. Without this link, the relevance of education is
jeopardized.

Our study contributes to theory by showing the connections among SCs, ESD, and IK. The findings may serve
as a starting point for designing education for sustainability, especially in contexts where both Western
education and IK exist.

Sustainability is a complex field related to several social, environmental, and economic aspects. Hence, efforts
to foster SCs should not depend only on Eurocentric worldviews and pedagogies. Disregarding time-tested
IK that enabled societies to survive various social and environmental challenges means missing opportunities
for more perspectives to deal with a complex normative issue such as sustainability. More space for various
worldviews facilitates global solutions to global problems.
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CHAPTER 4

Fostering students’ systems thinking competence for
sustainability by using multiple real-world learning
approaches®

3 This chapter is submitted as:
Demssie, Y. N., Biemans, H.J.A., Wesselink, R., & Mulder, M. (submitted). Fostering students’ systems
thinking competence for sustainability by using multiple real-world learning approaches.
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Abstract

To contribute to a more sustainable future and to deal with pressing global challenges, such as poverty,
climate change, and inequality, equipping future sustainability change agents with relevant competencies is
crucial. Several studies have identified key sustainability competencies. Among these is systems thinking
competence, which facilitates the understanding of the impact of human activities on the different dimensions
of sustainable development. Innovative learning approaches relevant to fostering such sustainability
competencies have been studied. However, there has been limited research into the contribution of multiple
learning approaches in fostering systems thinking competence in authentic environments. To address this
gap, we conducted a pre-test—post-test exploratory experimental study involving 36 students of a Bachelor of
Arts program in Geography and Environmental Studies, at Addis Ababa University, in Ethiopia. The
participants were randomly assigned to a mobile phone group and paper-and-pencil group of 18 members
each.

Using real-world learning environments, the study explored the contribution of field trips and collaborative
learning in combination with mobile learning for one group, and with paper-and-pencil note taking for
another. The intervention provided participants with the opportunity to meaningfully engage in the learning
process. The combined use of these learning approaches in a real-world context helped to foster the systems
thinking competence of participants in both groups. It seems that the mobile group gained more in one of the
key components of systems thinking: appreciation of system complexity.

Our findings indicate that more room for students to meaningfully engage in the learning process is
important in sustainability courses focusing on systems thinking competence. It is further shown that real-
world contexts facilitate learners’ collaboration with peers and their appreciation of the complexity of social,
environmental, and economic systems. The findings suggest that education for sustainable development
discourses should focus more on combinations of multiple innovative learning approaches and authentic
environments to enhance systems thinking competence for sustainability.
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4.1 Introduction

Sustainability issues are global challenges that need to be addressed by — among other actions, identifying
competencies for future sustainability change agents. This helps them to contribute towards a more socially,
environmentally, and economically sustainable world. These competencies include — inter alia — systems
thinking competence (STC) (Demssie et al., 2019). Exploration of what learning approaches foster these
competencies is also crucial for responding to sustainability issues (Demssie et al., 2020). In the effort to foster
sustainability competencies (SCs), previous studies focused on recommending certain pedagogical
approaches. Combinations of innovative learning approaches (i.e., different from traditional, less relevant, but
dominant ones, such as lectures) are important to foster SCs. However, the practice of employing such
approaches is not common (Demssie et al., 2020; Lozano et al., 2019). Studies that investigate the practical
implementation of combinations of innovative learning approaches in authentic environments to foster STC
are lacking. This study addresses this gap by exploring the contribution of implementing a set of learning
approaches (i.e., field trips, collaborative learning, and mobile learning) in fostering the STC of students in
higher education.

Demssie et al. (2019) identified 15 competencies required for sustainability change agents in the Ethiopian
context. Among these, STC gained the highest rating from sustainability experts. This competence is
elaborated in Section 4.2.1 below. Demssie et al. (2019) concluded that STC can help sustainability change
agents to realize the complexity of the social, environmental, and economic environments in which their
organizations function. They also suggest that this competence helps leaders of organizations to realize that
an action by an organization affects others and that the competence helps leaders to act responsibly and
sustainably. Because of the significance of the competence, several other studies have also identified systems
thinking as one of the key sustainability competencies (Heiskanen et al., 2016; Lozano et al., 2017; Osagie et
al., 2014; Roorda, 2013; Wiek et al., 2011). Accordingly, this competence was selected for the current study.

Various studies indicate the importance and challenge of developing STC for sustainability. Molderez and
Ceulemans (2018b) describe STC as “one of the most difficult competencies for students to acquire.
Nevertheless, it is one of the key competencies of education for sustainable development” (p.758). Remington-
Doucette, Connell, Armstrong, and Musgrove (2013) note that “[u]nlike other types of cognitive activity,
systems thinking is not intuitive or innate. When thinking about a problem, we do not naturally think about
all things connected to it and their interrelationships.” They also emphasize that “it is necessary to cultivate
this skill explicitly” (p.410). Because of its importance, developing students” STC is key, and because of the
difficulties involved in fostering it, the use of a combination of innovative learning approaches in authentic
environments is important.

Demssie et al. (2020), identified field trips, real-world learning, collaborative learning, and information and
communication technologies (ICT) as learning approaches that facilitate the engagement of learners and are
relevant to enhance SCs. These pedagogies and their relevance are discussed in the theoretical framework. A
combination of these learning approaches was utilized in the current exploratory intervention study. This
intervention was connected to the authentic problem of Addis Ababa’s waste management system (WMS).

4.1.1 A short introduction to the research context

Addis Ababa is the capital city of Ethiopia. With an average altitude of 2,300 meters above sea level, it is one
of the highest capital cities in the world. The area of the city is 540 square kilometers (Melaku & Tiruneh,
2020). The population of Addis Ababa city is about 4.8 million (Central Intelligence Agency, 2020). The city
government is divided into 10 sub-cities. It is the seat of multiple significant international organizations,
including the United Nations Economic Commission for Africa and the African Union.
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The waste management activities in Addis Ababa, from the generation of waste to its disposal at the major
landfill, called Koshie, have significant social, economic, and environmental implications on residents and
workers in the WMS, among others. These include health risks and related expenses, the risk of landslides,
plastic waste that is harming animals, and liquid waste contaminating rivers. Because the complex issues
present in the WMS relate to the three dimensions of sustainable development (people, planet, and profit), it
was used to contextualize the study.

The importance of utilizing learning approaches that facilitate the active engagement of learners — such as
mobile learning, field trips, and collaborative learning — is emphasized by previous studies (Demssie et al.,
2020; Monroe et al., 2019). Moreover, some studies recommend a combination of learning approaches to foster
SCs (Lozano et al, 2019). However, we have not come across any studies that have investigated the
implementation of a combination of the aforementioned learning approaches in authentic environments to
foster STC. Hence, the purpose of this study is to explore the contribution of using a combined set of learning
strategies in fostering STC.

In the remainder of the paper, we present the theoretical framework, methods, results, discussion, limitations
of the study, suggestions for future research, and conclusions.
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4.2 Theoretical framework

In this section, we introduce systems thinking competence, followed by the learning approaches for SCs in
general and STC in particular. These include collaborative learning, field trips, and mobile learning.

4.2.1 Systems thinking competence

The origin of systems thinking is related to several disciplines. Cérdoba-Pachdn (2011) notes that it is “a body
of knowledge that initially emerged in biological investigations has spread to other areas like physics,
psychology, cybernetics, information technology, community development, and management” (p.43). The
ability to identify the elements of a system, to recognize interconnections among between them (i.e., the ability
to appreciate the complex nature of systems), and to analyze a system across different levels are the key
components of STC (Chiu et al., 2019; Plack et al., 2018; Warren et al., 2014).

Based on several studies (Barile et al., 2018; Chiu et al., 2019; Giangrande et al., 2019; Kay & Foster, 1999;
Nguyen et al., 2012; Osagie et al., 2014; Sipos et al., 2008; Wiek et al., 2011), we operationalized STC in terms
of these three abilities. In the context of SCs, Wiek et al. (2011) define STC as “the ability to collectively analyze
complex systems across different domains (society, environment, economy, etc.) and across different scales
(local to global)” (p.207). Based on this and other definitions, we define STC as ‘the ability to recognize the
elements in and complexity of a system, to understand the interrelationships of the elements, and to appreciate
the impacts of the interrelationships at local, national, and global levels.” This definition of competence is
based on the cognitive and affective dimensions. As such, it is different from other definitions that
conceptualize competence as a performance requirement (Mulder, 2014, 2019). The features of STC in the
above definition make it relevant to sustainability, as the competence enables understanding of the impact of
human activities on the different dimensions of sustainable development. These abilities are crucial for
progress towards a more sustainable future (Demssie et al., 2019; Williams et al., 2017).

4.2.2 Learning approaches to foster systems thinking competence

Conventional, knowledge-oriented learning approaches confined in classrooms and dominated by lectures
give little opportunity for students to meaningfully contribute to the learning process. As a result, the
relevance of such learning approaches in fostering sustainability competencies, including STC, is questioned
(Lozano et al., 2019). Innovative pedagogical approaches that engage learners in authentic learning
environments and facilitate exchanging ideas (Vare et al., 2019) — such as field trips, collaborative learning,
and mobile learning — are recommended to enhance learners’ SCs (Demssie et al., 2020; Molderez &
Ceulemans, 2018b). The promising nature of these learning activities in the framework of STC is described
below.

Field trips

Field trips enhance STC because they take learners out of the confinement of the classroom and into the real
world. In real-world contexts, learners get exposed to complex realities and realize that social, environmental,
and economic phenomena are not isolated or independent of each other (Vare et al., 2019). As such, field trips
help learners to appreciate complex interrelationships among different dimensions of systems. Keynan et
al.(2014) remark that outdoor learning helps “contextualizing learning in real, complex, world environments,
engaging students in particular environments that are meaningful and relevant to them, and triggering
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learners’ phases of processing and reflection, from which new conceptualizations may evolve” (p.103). Field
trips are effective in fostering STC (Assaraf & Orion, 2005; Keynan et al., 2014).

Collaborative learning

Evans (2019) describes collaborative learning as “learning that involves active collaboration with classmates,
community members, and/or others to generate/explore/analyze/interpret/apply ideas/practices” (p.15).
Because of these features, collaborative learning has the potential to meaningfully engage learners. It facilitates
the construction of knowledge by learners (Moore, 2005). Demssie et al. (2020) identified a lack of
opportunities to engage learners as a limitation of lecture-based, traditional learning approaches and
recommended sustainability-oriented learning approaches, including collaborative learning, to foster SCs.

The use of collaborative learning is recognized as being appropriate in education for sustainability because it
facilitates the meaningful engagement of learners (Cotton & Winter, 2010; Crofton, 2000; Demssie et al., 2020;
Evans, 2019). Moore (2005) supports this: “[c]ollaborative approaches encourage a shared construction of
knowledge by a group of learners” (p.80). Learning approaches aimed at fostering STC should help students
to get an overview of all elements involved and appreciate interconnections among different elements or
systems. This, according to Warren et al. (2014), helps the learners to “realize how these systems often directly
impact one another.” The authors note that, when learning to foster systems thinking, “students should
actively share findings with their peers” (p.9).

Collaboration facilitates the exchanging of different ideas among students and helps them to identify elements
of a system and their interrelationships. This allows learners to explore and appreciate the complex nature of
systems (Scheer & Plattner, 2012). In other words, when collaborating students generate and share diverse
ideas, their ability in the main features of systems thinking — i.e., recognizing elements of a system and
interrelationships among them — is enhanced.

Mobile learning

Mobile learning has been defined in several ways. Mcconatha et al. (2008) define mobile learning as “learning
accomplished with the use of small, portable computing devices. These computing devices may include
smartphones, personal digital assistants (PDAs) and similar handheld devices” (p.15). Mobile learning is used
for different types of learning activities, including the creation of learning content in the forms of multimedia
(Wing & Khe, 2009). In this study, mobile learning to enable learners to create content — in the forms of videos
and pictures — was used to facilitate learning in an authentic environment. Mobile learning activities relating
to recording videos and taking pictures are appealing to students. Pimmer, Mateescu, and Grohbiel (2016)
found that students are interested in using the camera function of mobile phones in mobile learning. They
also indicate that the camera function “supported information collection and knowledge construction”
(p-496). Molnar (2017) explains that “video based learning is increasing in popularity” and that it “is
considered to be the most effective way of delivering the educational content to mobile devices” (p.21,614).

Mobile learning can take different forms and has various benefits. These include content creation (e.g.,
recording audio and taking pictures) and sharing (Wing & Khe, 2009). It also facilitates the active contribution
of learners through their meaningful engagement in the learning process, collaborative learning, and field
trips for real-world learning (Gikas & Grant, 2013; Heflin et al., 2017; Pimmer et al., 2016; Sung et al., 2016,
2019; Vazquez-Cano, 2014). As such, it has the potential to address the limitations of learning approaches
confined in classrooms and to connect learning to the outside world (Ekanayake & Wishart, 2014).
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Depending on the purpose and type of mobile learning, it can be related to different theoretical
underpinnings. For instance, Pimmer et al. (2016) describe the use of mobile phones “to test vocabulary” as
an “instructionist sense of learning”, while describing their use “to create video materials”, as a
“constructionist approach” (p.491). A study by Zahn et al. (2014) shows that the use of learner-generated
videos helped learners to gain “new and more complex knowledge” (p.618). This is relevant to STC because
understanding complexity is a key component of the competence. As discussed above, enhancing the
motivation of learners, facilitating real-world learning, and meaningful engagement of learners as content
creators are among the strengths of mobile learning. These features of mobile learning have the potential to
enhance STC by enabling collaboration among learners. Additionally, mobile learning facilitates authentic
learning (Gikas & Grant, 2013; Kearney & Schuck, 2006). These contributions of mobile learning, in a form of
learner-generated videos and pictures, help learners to appreciate the complexity of systems; a key feature of
STC.

In our study, collaborative learning and field trips were used in two conditions: combined with mobile
learning and with paper-and-pencil note taking approach. We included the mobile learning condition as one
condition because of its potential. It can also be used to enhance learning — including environmental education
- in several ways (Wing & Khe, 2009). The use of mobile phones for video recording is one of the effective
mobile learning approaches (Ferry, 2008).

Mobile learning has the potential to engage learners and facilitates collaborative learning. Furthermore, it is
appealing to learners (Gikas & Grant, 2013; Heflin et al., 2017; Pimmer et al., 2016; Sung et al., 2016, 2019;
Vazquez-Cano, 2014). The other reason to use mobile learning in our study is the existence of more than 44
million mobile users in the context under study: Ethiopia (Ethio Telecom, 2020).

The paper-and-pencil approach is the standard approach in the Ethiopian higher education. Therefore,
exploring its relevance in relation to pedagogies suggested for sustainability competencies has important
implications. Because of its wide application, exploring its effectiveness in fostering systems thinking is
crucial. Additionally, this notetaking method does have advantages in the learning process. According to
Mueller and Oppenheimer (2016), studies that compared the conceptual understanding of students who took
notes using laptops with those who used paper and pencil found out that the latter performed better. The
authors state that the explanation for the better performance was that “handwriting is slower, pen and paper
note-takers are not able to transcribe the content verbatim and are forced to selectively rephrase the material;
doing so helps them process and understand the material more deeply and gain better conceptual mastery”

(p.141).

As discussed above, several studies suggest different learning approaches and recommend a combination of
learning approaches to foster SCs (Lozano et al., 2019). However, we have not come across any studies that
implemented a combination of collaborative learning, mobile learning, and field trips in an authentic context
to foster STC. Hence, it is unclear whether the combined use of these learning approaches facilitates the
fostering of students” STC. The purpose of this study is to explore the effect of using a combined set of learning
strategies in fostering STC. Accordingly, it was guided by the following two research questions:

1. Does the use of a combined set of learning strategies, (i.e., collaborative learning, field trips, mobile
learning/paper-and-pencil approach) enable fostering systems thinking competence?

2. How does the use of mobile phones (to make multimedia content) compare to the use of paper-
and-pencil in the effectiveness of the learning approaches listed in research question 1 vis-a-vis
fostering systems thinking competence?
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4.3 Methods
4.3.1 Design of the study

We used a pre-test—post-test exploratory experimental design to explore the contribution of the combination
of the above-mentioned learning approaches in fostering STC of higher education students.

4.3.2 Participants

The participants were 36 graduating class bachelor’s students in the Department of Geography and
Environmental Studies at Addis Ababa University, Ethiopia, enrolled for the course Environmental Studies
and Sustainable Development. Of these, 16 were female and 20 were male. Their average age was 22.
Participants were randomly divided into a mobile phone group (MPG) and a paper-and-pencil group (PPG).
Furthermore, each of these was randomly subdivided into three subgroups of six members each.

Participants
(n=36)

Mobile phone
group (MPG)
(n=18)

Paper and pencil
group (PPG)
(n=18)

Figure 4.1. Groups and subgroups of participants
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4.3.3 Ethics

We informed participants that participation was optional, had no consequences for the grading in the course
they were taking. They were also informed that the participation would involve visiting a landfill, making
street observations, interviewing people, collaborating with students, preparing a report, and attending a
closing session. The participants were assured that the data of this study would be kept anonymous and used
only for a study intended for publication. They signed a consent form and provided their contact details.

Permission to visit the Koshie landfill was secured from Addis Ababa City Solid Waste Management Agency.
There are dangerous objects among the waste items, the landfill is not protected, and two years before the
participants’ visit, there was a landslide accident that claimed lives. Therefore, the safety of the participants
was taken seriously. To understand the kinds of preparation required to protect the wellbeing of participants,
the first author visited all the places that would be visited by the participants.

4.3.4 The intervention

The final product that participants had to deliver was a report on the strengths and weaknesses of the waste
management system (i.e., creation, collection, transportation, storage, recycling, or disposal) of Addis Ababa,
and to suggest possible improvements to this system. This had to be done in relation to the environmental,
social, and economic components of sustainable development. Participants were also instructed to identify
interrelationships among the three components of sustainable development and relevant stakeholders in the
WMS.

Before the participants went to the field, they were given an orientation on how to safely and ethically
undertake their tasks. Tips for recording videos and taking pictures with mobile phones were given to
members of the MPG in order to prevent common technical issues. Participants were informed that they
would be free to decide what content would be relevant to waste management practices that have implications
on the three dimensions of sustainable development. The participants in both groups were given similar tasks
with the only difference being the means of creating content, i.e., mobile phones and paper-and-pencil. Hence,
they were advised to take pictures/videos (for the MPG) and take notes (for the PPG) of anything that they
thought was related to the assignment.
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Chapter 4

e Participants recruited and randomly assigned into MPG (n=18) and PPG (n=18)
® The two groups were divided into three subgroups of six members each
® Pre-test and post-test questions prepared

Session One
Preparation

e Pre-test conducted
Session Two ® Instructions given about participants’ tasks
Pre-test

® Participants constructed knowledge based on real-world experience (landfill
Session Three visit, street observation, and household interview)
Intervention

SecsianlEot o A collaborative session by members of the six subgroups
Collaboration e Participants compiled the content they created through the three tasks
and post-test e Participants prepared a report in response to the post-test

® Participants reflected on their participation in the experiment
Session Five ® Participants reflected on the desirability of such learning approaches

Prese ntation ® Participants completed a demographic questionnaire
and closing

Figure 4.2 Procedural steps in the intervention
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4.3.5 Procedure

The study involved the following five sessions. The sessions, excluding preparations, took place from May to
July 2019.

1. Session One — Preparation

Participants were recruited and randomly assigned into MPG (n=18) and PPG (n=18). Next, as depicted in
Figure 4.1, both groups were randomly subdivided into three subgroups of six members each. This was done
to facilitate the collaboration of the group members and the three tasks. That is, from each subgroup of six
members, two members visited a landfill, two engaged in street observation, and two in household interviews.
In the preparation phase, we prepared questions for pre-test and post-test.

2. Session Two — Pre-test

All participants (n=36) were given a pre-test. They did the test in their separate subgroups. In this session, we
also gave participants specific instructions regarding each of the tasks (i.e., landfill visit, household interview,
and street observation). Participants were free to take their time to complete the pre-test. The longest a group
took was 40 minutes.

3. Session Three — Intervention

The decision to involve participants in these tasks was made to expose them to the complex, real-world case
of the Addis Ababa WMS, starting from the source of waste to the landfill. Each participant had to engage in
one of the three tasks in a collaborative session and the closing session. The decision of who would participate
in one of the three tasks (i.e., landfill visit, household interview, and street observation) was made by the
subgroup members themselves.

Following the instructions they were given, the members of the MPG used mobile phones while the members
of the PPG used paper and pencil to create content based on their participation in the three tasks described
below. The intervention, including the mobile learning, was entirely offline. This was intended to make
participants responsible for their learning and help them develop systems thinking, by constructing
knowledge themselves based on their first-hand experience in the real-world. Offline approaches prevented
the possibility of depending too much on others” works available on the internet.
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Landfill visit

The participants who visited the Koshie landfill observed (informal) garbage pickers, the waste disposal
process, nearby residents, relationships among the garbage pickers, types of waste on the landfill, talked to
the garbage pickers, and created content.
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Street observation

The participants went to selected streets in Addis Ababa to observe different waste management activities
related to their tasks.

A truck loaded with waste. Picture taken by a street observation group.

Household interview

The participants went to six neighborhoods of Addis Ababa and interviewed 24 households. The
neighborhoods were purposely selected to include residents of diverse economic status. The specific
households were selected by participants based on their availability. The interviews focused on the waste
management process, from creation to disposal, and the implications of these on the three dimensions of
sustainability.

4.  Session Four — A collaborative session and post-test

The members of the six subgroups came together and repeatedly watched the videos they made, viewed the
pictures, and read the notes they took. In this collaborative session, participants were instructed to compile
and make sense of the content they had created throughout the three tasks. They did the same and prepared
a report, the final product of their participation, in a form of responses to the post-test. The longest a group
took to complete the post-test was nearly two hours.
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Members of a group in a collaborative session. [Fe== )

|

5. Session Five — Presentation and closing

During the closing session, each group presented how they evaluated the experience and what they learned
from participating in the study. In this session, participants discussed the desirability of such learning
approaches in their bachelor’s program (Geography and Environmental Studies) and completed a
demographic questionnaire.

4.3.6 Pre-test, post-test, and analysis of participants’ reports

Pre-test and Post-test questions

We used the following two questions for the pre-test and post-test.
1. Identify strengths and weaknesses in the waste management system and suggest possible
solutions to improve the system.

2. Identify interrelationships among the dimensions of sustainable development and stakeholders
in the waste management system. Do both questions 1 and 2 from the point of view of the three
dimensions of sustainable development.
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Analysis

The analysis of participants’ reports started with operationalizing STC in terms of its three key components.
Next, participants’ performance in these components was evaluated following the steps explained in points
A to C below.

A. Ability to identify the dimensions of a system — the ability to identify social, environmental, and
economic dimensions of sustainable development was evaluated by using indicators for each of the
three dimensions (see Appendix II). We prepared these indicators from sources in the literature
(Ajmal et al., 2018; Dempsey et al., 2011; Kates et al., 2005; Mahdei et al., 2015; UN DESA, 2007). For
instance, to accept a point by participants as a social dimension of sustainable development, it had
to be related to one of the indicators of the social dimension mentioned in Appendix II and to the
WMS. The same was considered for the environmental and economic dimensions.

B. Ability to appreciate the complex nature of a system — this was assessed as the ability to identify
interrelationships among the dimensions and the ability to recognize relevant stakeholders in the
WMS. Here, the identified interrelationships were also analyzed on whether they were between two
dimensions or among all three dimensions of sustainable development. We considered
interrelationships that involved the three dimensions to be higher-level interrelationships, as they
show a better understanding of system complexity.

C. Ability to analyze a system across different levels/spatial scales (local, national, and global). This
was evaluated based on the levels the participants’ reports addressed. That is, whether the identified
points concerned only sub-cities in Addis Ababa, Addis Ababa as a whole, Ethiopia, or were on a
global scale. To determine what scale the points addressed, the contents of the participants’ points
were examined. For instance, if a group made a point regarding the need for a government policy
with a national significance, we considered this to be on the national/Ethiopian scale.

To evaluate the participants’ reports as objectively and transparently as possible, the indicators explained
above were prepared by the first author and used after being reviewed and improved by two of the co-authors.
Furthermore, after the first author graded all the reports of the two groups, two of the co-authors reviewed
the analysis against the aforementioned indicators.
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4.4 Results

In this section, the findings of the study regarding the three defining features of systems thinking competence
are presented. These are the ability to identify dimensions of a system, the ability to appreciate the complexity
of a system, and the ability to analyze elements of a system across local, national, and global scales. In this
study, these abilities are contextualized in the WMS and related to the social, environmental, and economic
dimensions of sustainable development.

Because of limited student numbers, the results were not analyzed statistically (i.e., in terms of comparisons
of conditions). Instead, patterns of results in the various conditions were described.

4.4.1 Ability to identify the elements of a system

In their pre-intervention test, members of both the PPG and the MPG were able to identify elements of the
WMS that related to the social, environmental, and economic dimensions of sustainable development. This
could be because of their background in Geography and Environmental Studies.

The number of elements identified before and after the intervention by both groups for each of the three
dimensions is almost comparable. Details of the findings are presented in Table 1.

Table 4.1

Number of social, environmental, and economic elements of the waste management system identified by the
two groups before and after the intervention

Sustainable Mobile phone group Mobile phone group Paper and pencil group  Paper and pencil
development Pre-intervention Post-intervention Pre-intervention group Post-
dimension intervention
Economic 9 17 11 15

Social 9 21 7 20
Environmental 13 18 10 16

Total 31 56 28 51

dimensions

Both groups were able to identify more points related to the three dimensions of sustainable development
after the intervention. Below are three examples of the points identified by the members of the MPG and the
PPG for the three dimensions of sustainable development.

1. Social: Poorly managed landfill pollutes the air and people are forced to leave their residences.
2. Economic: Waste is being used as a source of energy.

3. Environmental: Biodiversity can be negatively affected because of river contamination.

4.4.2 Ability to appreciate the complex nature of a system

This aspect of systems thinking (i.e., appreciating the complexity of a system) consists of two components.
One is the ability to identify interrelationships among the dimensions of sustainable development (as specified
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in Appendix II). The other is the ability to recognize relevant stakeholders that affect and are affected by the
system. Here, participants’ reports were assessed to see whether they identified interrelationships. The
interrelationships were also examined further to check whether they addressed two or all the three
dimensions.

Identification of interrelationships

Participants identified strengths, weaknesses, and suggested solutions regarding the waste management
system in Addis Ababa about the three dimensions of sustainable development.

Table 4.2

Number of interrelationships among the social, environmental, and economic dimensions of the waste
management system identified by the two groups before and after the intervention

Mobile phone Mobile phone Paper and pencil Paper and
group Pre- group Post- group Pre- pencil group
intervention intervention intervention Post-
intervention
Interrelationships 0 9 0 7
Stakeholders 5 13 5 5

Table 4.2 shows that, in the pre-intervention test, neither of the two groups was able to identify any
interrelationships between the elements of sustainable development. In the post-intervention, however, both
groups were able to identify interrelationships. Regarding the number and complexity of the identified
interrelationships, members of the MPG performed better than their PPG counterparts.

A detailed explanation of this is given in the discussion section. Below is an example of an identified
interrelationship from each group.
1. Example by the MPG

The waste management system creates jobs (Economic). The people who get the jobs manage the waste and
contribute to a clean environment (Environmental). A clean environment enhances motivation to work
(Social).

2. Example by the PPG

Poor waste management causes pollution-related problems (Environmental). This displaces people (Social).
Displaced people move to new locations. This increases pressure on the environment (Environmental).

Identification of stakeholders

Table 2 shows that before and after the intervention, the MPG and PPG identified stakeholders (i.e., people
and organizations whose actions affect others and are affected by others” actions) in the WMS. Members of
the MPG identified more stakeholders after the intervention. Examples of the stakeholders identified by both
groups include waste management workers, residents, and the government. The additional stakeholders
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identified by members of the MPG include future generations, factory representatives, and garbage collectors’
associations.

The findings related to stakeholder identification are interpreted in the discussion section.

4.4.3 Ability to analyze a system across different scales

The participants’ reports were also examined to see the spatial scales (i.e., sub-cities in Addis Ababa, the whole
Addis Ababa city, Ethiopia, or global) addressed by the points they identified as social, environmental, and
economic elements of the WMS. Accordingly, with the increase in the number of the three elements identified
by both groups, the variety of levels also increased after the intervention.

Table 4.3

Dimensions of sustainable development identified by participants categorized by spatial scale (local to global)

Social, environmental, and economic elements of the waste management

system
Level (local to global) Pre- Post-intervention
intervention
Mobile phone Sub city 13 15
group Addis Ababa city 15 35
Ethiopian 0 2
Global 3 4
Total 31 56
Paper-pencil Sub city 5 12
group
Addis Ababa city 21 38
Ethiopian 1 0
Global 1 1
Total 28 51

Below are examples of quotes, one from each group about the points they made concerning Ethiopian and
global scales.

e Ethiopia — The WMS facilitates for different government agencies to work together. (PPG)

e Global — Proper waste management contributes to the prevention of climate change. (MPG)
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4.5 Discussion

In this section, we discuss the main findings regarding participants’ ability to identify elements of a system,
ability to appreciate the complex nature of a system, and their ability to see implications of interrelationships
among the elements on different spatial scales.

4.5.1 Ability to identify the elements of a system

Participants” STC was assessed in terms of the core components of the competence. The first of these is the
ability to identify elements of a system. In this regard, before the intervention, members of both the MPG the
PPG were able to identify elements of the waste management system regarding the social, environmental, and
economic dimensions of sustainable development. This could be because of their background as final year
bachelor’s students of the Geography and Environmental Studies program. In addition, it is important to note
that all participants were motivated as they got voluntarily involved in this study. The higher education
system in Ethiopia is dominated by knowledge-oriented approaches (Demssie et al., 2020). Such approaches
could be adequate in enabling participants to identify the dimension of sustainable development. The
intervention enabled both groups to identify more elements of the waste management system than they did
in the pre-intervention test. Compared to the PPG, the MPG performed better in identifying elements of the
WMS.

4.5.2 Ability to appreciate the complexity of a system

The other key component of systems thinking —i.e., the ability to appreciate the complexity of a system — was
operationalized as the ability to identify interrelationships among elements of a system and the ability to
recognize stakeholders in the WMS. Interrelationships and interdependence could be among different
systems/ dimensions, or “between humans and non-humans” (Molderez & Ceulemans, 2018b, p. 760).
According to Nguyen, Graham, Ross, Maani, and Bosch (2012), “systems thinking skills are important in
helping younger students understand many complex relationships that exist in the natural and social world”
(p-15). Therefore, students developing STC are equipping themselves with a crucial set of knowledge, skills,
and attitudes to contribute to a more sustainable future. This is so because they understand interrelationships,
the potential impacts of an action on another system, on the environment, or people. This could lead to
informed and responsible decisions, and actions related to sustainability (Demssie et al., 2019).

Among the three key components of STC, the ability to appreciate the complexity of a system seems to be the
most difficult to foster using traditional learning approaches. In this study, none of the participants could
identify any interrelationship before the intervention. Sources in the literature also focus on the appreciation
of complexity. For instance, York, Lavi, Dori, & Orgill (2019) note that “[s]ystems thinking is a holistic
approach for examining complex, real-world systems, in which the focus is not on the individual components
of the system but on the dynamic interrelationships between the components” (p.2,742).

Unlike in the identification of elements of a system, the previous knowledge that our participants gained from
knowledge-oriented approaches could not help them to see interrelationships among the dimensions they
identified. They considered the dimensions as isolated elements. This could be one of the limitations of
knowledge-oriented and simplistic learning approaches, confined in classrooms. As such, neither of the two
groups could recognize any interrelationship during the pre-intervention test. They were, however, able to
identify a few stakeholders in the waste management system. After the intervention that facilitated
meaningful engagement through collaboration in authentic contexts, both groups” STC was enhanced. In
particular, their ability to appreciate system complexity. This is because the learning approaches implemented
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as an intervention helped to facilitate learning topics with complex objectives. For instance, if we take one of
the components of the intervention - i.e., collaboration among participants — it was among a small group of
six people that consisted of participants who created content from a landfill visit, household interviews, and
street observations. Hence, it was an opportunity for them to learn about the WMS from the different
perspectives of their group members. This facilitates understanding of a system’s complexity. Scheer and
Plattner (2012) explain the mechanism by which team-based (in our case collaborative) learning facilitates
learning complex topics, “a team-based learning method helps to deal with complex problems by sustaining
in-depth learning processes on problem perception and diverse solution paths” (p.9).

After the intervention, members of both the MPG and the PPG identified interrelationships and more
stakeholders than they did before the intervention. As such, they were able to identify possible ways in which
decisions or actions in one of the dimensions of sustainable development could affect one or more other
dimensions. This result agrees with the findings of previous studies that when learners collaborate and work
together, they learn interrelationships among different topics. This approach helps to foster learners” STC
(Sherman & Burns, 2015).

Another reason for all participants” improvement in their STC is likely related to the real-world context of the
intervention (Kay & Foster, 1999). The authentic environment may have given participants the motivation and
the sense of urgency. A study in the same context indicated the importance of meaningfully relating education
to the real-world if sustainability competencies are to be fostered (Demssie et al., 2020). Similarly, Cotton and
Winter (2010) note that for sustainability education, in general, focusing on “real issues” instead of
“knowledge and a content orientation” is crucial (p.5).

Difference between the Mobile phone group and Paper-and-pencil group in appreciating the complexity of systems

The major difference in the performance of the two groups was the ability to appreciate the complexity of a
system. In this regard, it seems that the MPG got more out of the intervention. This difference was twofold:
first, in the number of identified interrelationships and stakeholders, and second, in the number of high-level
interrelationships they identified. We considered interrelationships that involve all the three (ie.,
environmental, social, and economic) dimensions of sustainable development to be high-level
interrelationships.

After the intervention, members of the MPG identified more interrelationships than their PPG counterparts.
The MPG was also able to identify twice the number of high-level interrelationships the PPG identified. The
better learning result of participants using mobile phones to create multimedia content in understanding
complexity is consistent with findings of earlier studies. For instance, Zahn et al. (2014) conducted a quasi-
experimental study into the effect of learner-generated videos on causes of obesity and stigmatization. They
had an experimental group that created YouTube videos and a “control group that read a newspaper article
on the topic”. They found that unlike the participants who read a newspaper article, the students who created
videos gained “new and more complex knowledge” (p.618). Another reason for the better performance of the
MPG could be because students are usually interested in using mobile phones (Pimmer et al., 2016).

Compared to information kept on paper by the PPG, using video was an opportunity for the MPG to keep the
authenticity of what participants observed in the field. The participants in the PPG had to remember the reality
(i.e, in the landfill, the streets, and households), based on the notes they took, and interpret that based on
their understanding of those notes. This may leave room for different interpretations. On the other hand,
members of the MPG watched the videos they recorded and viewed the pictures they took. This could give
them an advantage in readily relating to the authentic context. The application of mobile learning, as used in
our study — ie., to facilitate learning through learner-generated videos and pictures — enables authentic
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learning (Gikas & Grant, 2013). Kearney and Schuck (2006) conclude that “student generated digital video
projects can be used to develop authentic learning” (p.206). They also note that opportunities for collaboration
contribute to learners’ motivation and authentic learning. The benefit of the camera function of learning with
mobile phones related to learners’ motivation has been indicated by several studies (Ekanayake & Wishart,
2014; Molnar, 2017; Pimmer et al., 2016).

The combination of learning approaches used in our study facilitated for learners to play an active role in
deciding what content is important and what deserves to be captured as multimedia content or notes on paper,
to discuss it in groups, and to organize the content into a report. Mobile learning, used to make learner-
generated videos, enables constructionist learning through the meaningful engagement of learners (Pimmer
et al., 2016). Mayer (2003) explains how learning happens when learners are actively engaged as follows.

“The active learning assumption is that meaningful learning occurs when learners engage
in active cognitive processing including paying attention to relevant incoming words and
pictures, mentally organizing them into coherent verbal and pictorial representations, and
mentally integrating verbal and pictorial representations with each other and with prior
knowledge” (p.129).

4.5.3 Ability to analyze a system across different scales

The other feature of STC we looked at in the reports of participants was their ability to recognize different
scales (from local to global) of the elements of a system. Accordingly, the results of the analysis showed that
participants identified different issues with implications for sub-cities in Addis Ababa, the whole city,
Ethiopia, and global scales. The intervention enabled participants to recognize more elements of sustainable
development. With this increase in the number of elements identified by participants of both groups, there
was an overall increase in the number of issues that concern different levels. While most of the issues identified
after the intervention by both groups concern Addis Ababa city, there were also differences between the two
groups. For instance, members of the MPG identified more sub-city, Ethiopian, and global issues than their
PPG counterparts. On the other hand, members of the PPG identified more Addis Ababa city issues than the
MPG members. This ability to see the elements of a system concerning different scales helps a person to
appreciate the possible impacts of an action somewhere on different elements of sustainable development
somewhere else.

Members of the MPG identified more elements related to the three dimensions of sustainable development.
Similarly, they were able to identify more issues related to three of the four scales. As such, it seems that
mobile learning facilitated authentic learning (Gikas & Grant, 2013; Kearney & Schuck, 2006) for this group.

As indicated earlier, the camera function of mobile phones was used in this study to facilitate the learning of
participants following their field visits in the real world. The offline nature of the interventions facilitated
constructivist learning by providing participants with the opportunity to meaningfully engage in
collaboration and knowledge construction. While the lack of opportunities to learn from online resources can
be considered a limitation of offline mobile learning, this same feature is a strength of this learning approach.
That is, unlike learning involving connection to the internet, offline learning does not allow learners to copy
from or depend too much on others’” works. Additionally, no internet-related costs are involved. The
advantages of the offline approach could be especially relevant to resource-constrained environments, such
as the context under study. Furthermore, telecom services are a government monopoly in Ethiopia. As a result,
the government in Ethiopia — and some other countries for that matter — may limit or shut down the internet
whenever there is a political problem (Rydzak et al., 2020).
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Scheer and Plattner (2012) state that the design of competence-based constructivist learning needs “to be
constructed, situated in context, self-regulated by the learner and collaborative” (p.10). All these conditions
were fulfilled by the combination of learning approaches used in this study.

4.5.4 Limitations of the study and possible lines of future research

The objective of this study was to explore whether a combination of learning approaches in an authentic
context would help with fostering systems thinking competency, which is one of the most important parts of
sustainability competence. The results indicate that the intervention, the combined use of multiple learning
approaches, helped participants of both groups to enhance their systems thinking competence. However, the
study did not show which specific learning approach contributed more than others. Furthermore, the study
did not include a control group who took this course without a combination of learning approaches. Therefore,
the learning gain of the research groups cannot be compared with their counterparts in traditional classrooms.
Future studies should ideally indicate the relative importance of learning approaches and the underlying
mechanisms that make the interventions effective. The other limitation of the study is that it was conducted
with a limited number of participants in Ethiopia. To get insights into the effectiveness of a combination of
learning approaches across contexts, we suggest that future studies be conducted in multiple countries with
different socioeconomic contexts involving a larger number of participants.
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4.6 Conclusion

The study implemented a combination of multiple learning approaches at the same time to enhance learners’
systems thinking competence. Usually, in theory, studies recommend certain pedagogies to foster
sustainability competencies without evidence in implementing multiple pedagogies. This study took the
sustainability pedagogies-related discourse a step further by practically testing a set of learning approaches
in a real-world environment. The combined use of field trips and collaborative learning helped with fostering
the STC of both the mobile phone group and the paper-and-pencil group. The most notable difference between
the two groups was the better performance of the mobile group in appreciating system complexity. This
approach facilitates the enhancement of STC by providing learners with the opportunity to actively engage in
the learning process and facilitating the exchange of ideas among collaborating participants. In this study, this
opportunity was taken to a level where participants were free to decide what learning content to create. This
facilitated a constructivist learning approach that required the learners to meaningfully engage to construct
knowledge.

Theoretically, the findings suggest that education for sustainable development discourses should focus on
combinations of multiple learning approaches to enhance systems thinking competence.

Hence, designing courses involving sustainability competencies, particularly STC could benefit from
meaningfully engaging learners in the learning process. This may include providing them with only overall
guidance and allowing them to decide the content of knowledge they are supposed to create, facilitating their
collaboration with peers, and contextualizing learning in authentic/real-world cases that involve several
interrelationships. This allows learners to see interrelationships among social, environmental, and economic
systems, and appreciate the complexity of sustainability-related issues.

Our study contributes to the constructivist learning literature in the context of sustainability competence
development. The findings indicate that the systems thinking competence of learners is enhanced when
learner-generated content is created through the provision of opportunities for students to meaningfully
engage, freely decide the content they want to create, collaboratively make sense of the content, organize it,
and present it. The major contribution of this study is related to the real-world context and the combined use
of multiple learning approaches to foster one of the sustainability competencies, systems thinking.
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CHAPTER 5

General conclusions and discussion
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5.1 Introduction

This final chapter discusses the main conclusions and offers reflections on the major findings. Besides, it
discusses the implications of the findings for theory and practice. Next, the chapter presents the limitations of
the studies and provides suggestions for future studies. Furthermore, Chapter 5 proposes ideas on how to
conduct the suggested follow-up studies.

5.2 Main conclusions

The key conclusions are highlighted given the two overarching research questions of this dissertation. These
are “What sustainability competencies are required for a base of the pyramid (Ethiopian) context to contribute
toward a more sustainable world?” and “How can relevant sustainability competencies be fostered in higher
education students, as future sustainability change agents?”

5.2.1 Sustainability competencies

The Ethiopian context has the defining features of BoP contexts. These features include low income, a larger
rural population, and limited infrastructure (Goyal et al., 2016; Halme et al., 2015; Prahalad, 2012; Prahalad &
Hart, 2002). These characteristics set the BoP context apart from Western contexts. However, seven SCs
frequently identified as relevant in the context of the latter were found to be important for the Ethiopian
context as well:

1. Systems thinking competence
2. Disciplinary competence

3. Interpersonal competence

4. Action competence

5. Anticipatory competence

6. Strategic competence

7. Normative competence

Additionally, the following eight SCs were identified as relevant to the Ethiopian context, as a case of a BoP
country:

1. Transdisciplinary competence

Flexibility and continuous learning competence
Communication and information acquiring competence
Stakeholder and policy coordination competence
Resource utilization competence

Social justice and inclusion competence

N S Ok N

Competence to balance sustainable development dimensions

8.  Competence to utilize indigenous resources
The SCs identified from the literature and the additionally suggested ones are not isolated. They are
interrelated and complement each other. For example, systems thinking competence and competence to

balance sustainable development dimensions complement each other. Systems thinking competence entails
realizing interrelationships among systems and subsystems in a holistic way (Roorda, 2013). Competence to
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balance sustainable development dimensions is about prioritizing the three dimensions (People, Planet,
Profit) or subsystems of sustainable development. This competence helps to balance the focus on these
different (sub)systems. In the Ethiopian context, there are practical situations that call for both SCs. The
findings in Chapter 2 indicate that in the Ethiopian context, little attention is given to the social and
environmental impacts of economic activities. For example, in the floriculture industry, the focus is
predominantly on financial gains. Hence, there is a need for systems thinking competence. This competence
helps people to appreciate how the economic, social, and environmental dimensions affect each other. This in
turn helps to challenge the attitude of too much focus on the economic dimension, at the expense of society
and the environment. To move toward a more sustainable future, considering the impacts of development on
societies and the environment is important (Gast et al., 2017).

Based on the findings in Chapter 2, the following two conclusions are made regarding SCs. The first is that
different contexts may share some SCs as important. The other is that some competencies are more relevant
to certain contexts than to others.

For instance, competence to utilize indigenous resources for sustainability was identified as relevant for the
Ethiopian context. In contexts that possess indigenous knowledge (IK) and have limited formal institutions,
IK plays a significant role (Scott, 2017b). For example, in the Ethiopian context, a significant majority of the
human population and livestock rely on indigenous medical practices and medicines (Demie et al., 2018).
Thus, the role of IK is making up for the limited modern healthcare infrastructures. IK could play a role in the
Western educational context as well. Suggestions of how this can be achieved are given in the section on the
possible means of utilizing IK at universities.

The importance and possible means of utilizing IK in the context of university education are elaborated on in
the next section.

The findings of this dissertation show the relevance of some SCs in different socioeconomic contexts. This has
the theoretical implications discussed in Section 5.3.

5.2.2 The role of modern education and indigenous knowledge in fostering sustainability
competencies

The studies in Chapters 3 and 4 explored how SCs can be developed in students using various worldviews
and authentic learning contexts. The findings of the study in Chapter 3 underline the importance of utilizing
diverse worldviews and IK. The results also suggest pedagogies in modern higher education systems that
engage learners as relevant to enhancing SCs. Furthermore, different ways of combining IK and modern
education are proposed.

The findings of this dissertation described in Chapter 4 concern systems thinking competence. The results
show that multiple learning approaches (i.e., collaborative learning, field trips, and mobile learning) in real-
world contexts help to foster learners’ systems thinking competence. In subsequent sections, the findings on
fostering SCs are further discussed.

Both modern higher education and IK in Ethiopia can contribute to foster SCs of students as future
sustainability change agents. To realize the contributions of both systems, they need to be intentionally
designed for this purpose, as discussed below.

Limitations of the Ethiopian modern higher education

To be effective and relevant in fostering SCs of learners, the Ethiopian modern higher education system needs
reorientation. That includes consideration of the worldviews and socioeconomic features of the learners’
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contexts when designing education for sustainable development. Wesselink et al. (2015) reinforce this as they
underline the importance of considering specific contexts in teaching SCs.

The Ethiopian modern education system is imported from Western countries without a meaningful
contextualization. Hence, the system is dependent on content and ways of knowing from Western contexts.
This undermines the learners’ opportunities to learn from diverse worldviews and contexts, including their
own. Kebede (2006) explains this in the context of the history subject in Ethiopia. He notes that the significant
Ethiopian victory over invading colonial forces enabled Ethiopia to keep its status as an independent country.
He explains that this victory and related topics would be expected to be the focus of history courses. However,
this was not the case. The contents of other courses in the higher education curriculum also lack
contextualization. Given its current content, the relevance of the Ethiopian modern higher education to the
reality in the country is questioned. As a result, the education system makes little contribution to addressing
the country’s development challenges (Asgedom, 2005; Woldeyes, 2017).

In addition to the lack of contextualization, limited opportunities for students to engage in knowledge
construction, domination of the lecture method, and confinement of learning in classrooms are among the
limitations of the higher education system in Ethiopia.

To address the above shortcomings, several points are suggested. These include employing learning
approaches that engage and extending it to societies. Apart from the limitations of the modern education
system specific to Ethiopia, there are other shortcomings of this system. A frequently discussed limitation of
modern education is its reductionist nature (Johnson, 1992; Mazzocchi, 2006; Zidny et al., 2020). This may limit
its contributions to addressing complex sustainability challenges. As Mazzocchi (2006) notes, “an approach
based on reductionism—as helpful as it has been in the past—might no longer be sufficient to analyse and
understand higher levels of complexity” (p.466).

A detailed discussion of the recommended changes in the higher education system is given in Section 5.4. In
addition to the modern higher education system, IK also contributes to enhancing the SCs of learners. A
discussion of the relevance of IK and possible means of integrating it with modern education follows in the
subsequent sections.

In addition to the modern higher education system, IK also contributes to enhancing the SCs of learners. A
discussion of the relevance of IK and possible means of integrating it with modern education follows in the
next sections.

The potential of indigenous knowledge

IK is holistic, an important feature of sustainability concepts (Johnson, 1992; Mazzocchi, 2006; Zidny et al.,
2020). In the context of Ethiopia as well, it is argued that IK is holistic. A participant in the study described in
Chapter 3 mentioned the monolithic rock-hewn churches of Lalibela- a UNESCO world heritage site in
Ethiopia - as an example. The participant argued that the IK used in building this church enabled keeping
nature and building infrastructure at the same time. This example is mainly relevant to a specific context. Yet,
it gives an important lesson - the need to live in harmony with the natural environment, even when building
infrastructures. The findings of Chapter 3 indicated several means of enhancing the contributions of IK in
fostering learners’ SCs. According to these findings, IK facilitates the development of SCs in two ways. The
first is by providing content (local knowledge) that can be included in a curriculum. The other is by
contributing local resources (languages and indigenous experts) that can be used in the learning processes. To
realize the benefits of IK, two points are proposed for the Ethiopian context.
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The first point is the use of local content from specific IK of certain communities in Ethiopia. Specific examples
of IK in Ethiopia include natural resource management practices and traditional health care knowledge.
Among others, the two types of IK are recommended as having content relevant to sustainability. These are
discussed in more detail in the next section.

The other point suggested in order to take advantage of IK in the context under study relates to the lessons
from the indigenous Ethiopian Orthodox Tewahedo Church education system. This system regards and uses
local resources (i.e., languages, content, and scholars). Utilizing these resources facilitates access to and
exploration of Ethiopian IK. Ge’ez is the major Ethiopian language, in which the Ethiopian IK has been
documented for several centuries. Because of its value, several universities in different parts of the world offer
courses related to this language. Numerous Ethiopian manuscripts written mainly in Ge’ez and to a limited
extent in Amharic are kept in different countries. Among these, the Ethiopian collection of the British Library
and the Ethiopic Manuscript Collections of the Princeton University library are notable. Although the subjects
of the Ge’ez literature in their possession are mainly religious, their collections also include secular subjects
such as law, medicine, and philology (British Library, 1973; Princeton University Library, 2008). Demoz (1972)
indicated that the Ge’ez literature includes manuscripts on history and philosophy subjects as well. The
diversity of the Ge’ez literature indicates its possible relevance to researchers in different fields.

Integrating modern education and indigenous knowledge

The findings of this dissertation indicate that exploring and utilizing IK helps enhance the holistic nature of
sustainability-related higher education curricula. Addressing the complex sustainability challenges requires
the use of diverse knowledge systems. Goal 17 of the UN SDGs focuses on Global Partnership for Sustainable
Development. This goal underlines the importance of multi-stakeholder partnerships to achieve the SDGs,
which in turn include the need for knowledge sharing (United Nations, 2015). This requires readiness to
acknowledge and learn from different worldviews. One possibility of achieving this is integrating IK and
modern higher education. Among others, this dissertation explored the possibility of utilizing diverse
worldviews and approaches to address global sustainability issues.

The findings indicate that in Ethiopia, the modern higher education system and the IK can be integrated. As
such, they can complement each other. The need for and means of integrating the two knowledge systems are
elaborated on in subsequent sections.

In different parts of the world, there are diverse indigenous communities. The IK of a certain community can
benefit that specific community, and possibility others. In this dissertation, when speaking of including IK in
the modern higher education curriculum, the recommendation is to include Ethiopian IK in the higher
education curriculum of the same context. This is because of two reasons. First, the local knowledge is relevant
to the communities in the specific context as they developed and used it for centuries. Second, the stakeholders
in the higher education system are somehow familiar with and can relate to the IK in their context. In the long
run, the contributions of the IK to different contexts could be evaluated and documented. This may facilitate
the introduction of the IK to a wider context.

The main message in the recommendation of integrating IK in the modern higher education curriculum is the
need to explore content and ways of knowing that are different from the dominant Western ones.

The findings of this dissertation underscored the need to integrate the modern higher education and IK.
Possible means of improving the modern higher education system and incorporating IK are also indicated. In
education for sustainable development, enhancing the holistic thinking of learners is important (Remington-
Doucette et al., 2013). The use of IK in combination with the dominant Western education is an opportunity
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to gain diverse perspectives and develop holistic thinking. Reinforcing this, Hewitt (2000) remarks that, there
is so much to learn from the holistic feature of IK worldviews. He explains that integrating IK contributes to
a harmonious relationship of people with the natural environment. Integrating IK in modern education
systems contributes to dealing with sustainability challenges (Zidny et al., 2020). Hence, including such IK-
related content and examples that promote holistic approaches are suggested. This helps to complement the
higher education curricula.

Given its current content, the relevance of the Ethiopian modern higher education to the reality in the country
is questioned. Hence, including such IK-related content and examples that promote holistic approaches are
suggested. This helps to complement the higher education curricula. Currently, the higher education system
is dependent on content, examples, and ways of knowing from Western contexts. This situation undermines
opportunities to learn from diverse worldviews and contexts. Therefore, exploring and utilizing IK helps to
enhance the holistic nature of higher education curricula.

Usually, it is the environmental contributions of IK that are widely covered in the literature. Among these, the
value of traditional ecological knowledge for environmental sustainability has gained considerable
recognition (Berkes et al., 2000; Boiral et al., 2020; Guerrero-Gatica et al., 2020; Rist et al., 2010). In addition to
its environmental values, IK has a significant economic value. In the next sections, the economic value of IK
is discussed. Furthermore, the need to integrate IK into the modern higher education system is elaborated
from an economic point of view.

The economic relevance of indigenous knowledge and its integration in the higher education system

IK has a considerable economic value. Several studies indicate that corporations such as pharmaceutical
companies exploit IK for economic benefits. The challenge is that such multinationals take advantage of IK
without acknowledging and benefiting the communities from where they source the knowledge (Garcia, 2007;
Havemann, 2015; Reid, 2009; Wyatt & Brisman, 2017). According to the World Intellectual Property
Organization (WIPO) (2012), IK “may be associated with agricultural, environmental, healthcare and medical
knowledge, biodiversity, traditional lifestyles and natural and genetic resources, and know-how of traditional
architecture and construction technologies.” (Annex, p. 2). Among others, these aspects of IK have
considerable economic value. Blackwell et al. (2019) note that “the commercial use of IK in natural and genetic
resources has tended to fall into one of three categories: medicinal use; cosmetic use; and food use” (p.49).

Because of this potential, various organizations exploit indigenous communities. Wyatt and Brisman (2017)
indicate that such organizations “have significant vested economic interests in continuing to do exploit and
appropriate indigenous knowledge in the case of biopiracy” (p.338). Reid (2009) defines biopiracy as “the
process of taking indigenous peoples' knowledge without compensation” (p.77).

The economic value of IK in some parts of the world is estimated by different researchers. Garcia (2007) notes
that “traditional knowledge has the potential to earn billions.” (p.5). Blackwell et al. (2019) estimate the
“annual market value for medicines derived from medicinal plants discovered using IK” to be about 43 billion
USD. They also state the estimated market value of IK in the areas of agriculture, pharmaceuticals, and
biotechnology “to be $500 billion - $800 billion USD” (p.43).

Among others, these points indicate the significant economic value of IK.

The inclusion of IK in the modern higher education system may enhance the exploration, advancement, and
positive impact of IK. As such, the inclusion of IK in higher education systems may facilitate a wider section
of the world’s population to benefit from IK. This could be in a form of offering the world healthy food
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alternatives. One such example is teff, the nutritious and gluten-free Ethiopian grain which is gaining
popularity as the new “superfood” (Gizaw et al., 2018; Lee, 2018).

Furthermore, the inclusion of IK in the higher education system may contribute to preventing the exploitation
of IK. After graduation, higher education students will assume different positions in different sectors.
Therefore, the inclusion of IK in higher education curricula helps the learners to understand the potential of
IK. Additionally, learners may recognize indigenous communities for their knowledge. As such, the inclusion
of IK in the higher education system may help learners to realize the need for fair and ethical use of IK. This
inclusion may facilitate indigenous communities to benefit from their IK.

Below, an Ethiopian case is given to illustrate the economic value of IK beyond the context of its origin. The
case further strengthens the rationales to integrate IK into the modern higher education system. Next, a
discussion on the importance of including IK (related to teff farming) in the modern higher education follows.

The teff case from Ethiopia is the controversy between the Ethiopian Institute of Biodiversity Conservation
and the Dutch company Health and Performance Food International (HPFI) over the ancient Ethiopian grain
called teff. Before presenting a summary of this case, a short introduction of the teff grain is given below.

Petruzzello (n.d.) notes that “teff is an ancient crop and was likely domesticated more than 6,000 years ago in
Ethiopia.” The majority of Ethiopians consume teff as their staple food (Gizaw et al., 2018; Lee, 2018). Lee
(2018) indicates that “teff contains high and unique nutritional values, which will meet the need of health-
conscious consumers” (p.185). She further explains that teff is becoming increasingly popular for several
reasons. The “grains are low on the glycemic index, which makes them suitable for people with Type 2
diabetes. The grains are also gluten-free. This, in particular, attracts individuals who suffer from gluten
intolerance or celiac disease.” (p.185-186).

Concerning this grain, an agreement was signed between the Ethiopian Institute of Biodiversity Conservation
and HPFI. The Fridtjof Nansen Institute produced a comprehensive report on the issue, that is, “The Access
and Benefit-Sharing Agreement on Teff Genetic Resources Facts and Lessons” (Andersen & Winge, 2012). The
document gives a detailed account of the Teff Agreement. The content includes the controversial patenting of
teff by HPFI and the resulting challenges Ethiopia got itself into. The “conclusions and recommendations”
section of the report summarizes the case with details adequate for this dissertation. This section of the report
is given below as Illustrative Case 1.
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Illustrative Case 1. The Ethiopian Teff Agreement

In this report, we have analyzed the Agreement on Access to, and Benefit-Sharing [ABS]
from, Teff Genetic Resources (Teff Agreement). This agreement attracted considerable
attention when it was signed in 2005, and gave rise to great expectations for its potential to
spearhead how future ABS agreements could be, not least in terms of benefit-sharing.
However, on the whole these expectations did not materialize. Whereas Ethiopia complied
with the agreement and provided access to the teff genetic resources in question, the Dutch
commercial counterpart, Health and Performance Food International BV (HPFI), failed in
large part to comply with its obligations under the agreement. The company was declared
bankrupt in 2009, by which time its directors had already established other companies and
transferred values to these companies. These companies continued to produce and sell teff
flour and teff products, and to expand their activities to other countries and continents.
Since it was HPFI that had been the party to the agreement, and HPFI was now bankrupt,
these new firms, even though operating under the same directors and partly the same
owners, could continue selling teff flour and teff products without being bound by the
obligations of HPFI toward Ethiopia. A patent on the processing of teff flour — which in
practice covered all ripe teff grain, fine flour made of that grain, dough or batter made of
the flour as well as a long range of non-traditional products — made the situation
particularly difficult for Ethiopia. The company argued that such a broad patent was
necessary in order to secure the investments in teff and thereby also the prospects of
benefit-sharing with Ethiopia. In fact, the teff patent excludes all others, including Ethiopia
itself, from utilizing teff for most forms of relevant production and marketing in the
countries where it is granted. Thus, Ethiopia found itself squeezed out of a position to
utilize its own teff genetic resources — for example, through collaboration with other
foreign companies — in Europe and wherever else the teff patent might be granted, while
at the same time losing all prospects of sharing the benefits from the use of these genetic
resources in these countries.

Source: The report “The Access and Benefit-Sharing Agreement on Teff Genetic Resources Facts and Lessons”

by the Fridtjof Nansen Institute (Andersen & Winge, 2012, p. 140).

This Teff Agreement case indicates the relevance of exploring IK as part of the higher education system in
Ethiopia, for economic reasons among others. Furthermore, it is to be noted that Ethiopian farmers
domesticated and are producing the grain using their IK. Gizaw et al. (2018) note that the “teff based farming
system is an indigenous and sustainable agricultural system in Ethiopia” (p.139). They emphasize the need to
explore the Ethiopian IK on different aspects of teff farming. The authors indicate that exploring this IK “has
tremendous contribution for cultivar development; improved management practices and develops teff genetic
resources conservation strategies, as well as biofertilizer development for present and future generations.”
(p.140) Hence, there is much to learn from this IK related to different aspects of farming. The findings of the
study presented in Chapter 2 indicate that currently, the content of modern higher education in Ethiopia is

imported without a meaningful contextualization. As a result, it does not build on Ethiopian IK.
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The findings also emphasize the need to use content and examples of Ethiopian IK. Among other things, the
economic relevance of IK further strengthens the argument for its inclusion in the modern higher education
system. The inclusion of IK raises awareness among students about the genetic and other resources of

Ethiopia.

This helps the realization of the economic and cultural potential of the country's IK. This could be a
contribution of genetic resources and the related IK for health and food industries to the world.

Specific examples of indigenous knowledge and means of integrating them in higher education systems

Below are given two specific examples of integrating Ethiopian IK in the country’s modern higher education
system. The potential benefits and possible use of two types of IK (i.e., natural resource management and
health care) in a non-BoP context (i.e.,, Wageningen University and Research (WUR), in the Netherlands) are
also discussed next.

Using indigenous knowledge in the Ethiopian higher education context
To realize the benefits of IK in the Ethiopian context, the following two points are proposed.

The first is the use of local content from specific experiences of certain communities in Ethiopia. For example,
the Geography and Environmental Studies programs in Ethiopian universities could include content from the
Konso peoples’ indigenous natural resource management practices. These practices are widely recognized in
the literature and registered as a UNESCO world heritage. Utilizing this IK can help learners to grasp an
important aspect of environmental sustainability, natural resources management. There are several means of
utilizing this IK in the Ethiopian higher education system. Field trips to the Konso area to let students explore
the indigenous practices and involving persons with expertise in IK as guest lecturers are among the
possibilities (see Chapter 3 for details of this IK).

Another Ethiopian IK that can be integrated with the modern higher education system relates to health care.
In Ethiopia, IK in healthcare supports the majority of the livestock. Hence, lessons could be learned from this
knowledge system. For example, one possibility is for veterinary studies in Ethiopian universities to explore
the IK in different communities. Based on the results of their study, veterinary programs can include relevant
content from the IK in their curricula. Next, different learning approaches can be used to help students learn
from the IK in animal health care this IK. These may include field visits to local healthcare practice centers
and invitation of indigenous healthcare providers to share their experience on relevant topics.

Possible means of utilizing indigenous knowledge at Wageningen University and Research

Wageningen University and Research is one of the top-ranking universities in the world. It ranked 62 in the
Times Higher Education World University Rankings 2021. In the same ranking, WUR was ranked 18th in life
sciences subjects (Times Higher Education, 2021). Sustainability is one of the focus areas of WUR. The
university states that its mission is “to explore the potential of nature to improve the quality of life.” On its
website, WUR indicates that “the domain of Wageningen University & Research consists of three related core
areas: food, feed, & bio-based production; natural resources & living environment; society & well-being.” Both
the mission and the core areas of the university are directly related to sustainable development. Among others,
the above points reflect the status of WUR and its attention to sustainability. Furthermore, WUR is the
university for which the author of this dissertation worked as a PhD candidate. The possible relevance and
application of Ethiopian IK at WUR are discussed, because of the above reasons, as well as others.
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IK is usually described as being relevant to specific communities where it originates and develops. However,
among others, multinational companies’ exploitation of IK in different parts of the world indicates its wider
relevance. Two examples of IK from Ethiopia that could be relevant to higher education programs in different
contexts are the Konso IK on natural resource management and the indigenous animal healthcare knowledge.
For instance, the Animal Sciences and Veterinary Medicines programs of WUR may find the healthcare IK
relevant. Similarly, WUR courses related to natural resource management may be enriched by including non-
Western worldviews and practices as well. In this regard, the indigenous natural resource management
knowledge of the Konso people in Ethiopia can contribute. Using these two types of IK could be an
opportunity for the students at WUR to learn from a different context where the knowledge is not based on
Western education. As such, the students may be exposed to diverse worldviews regarding the same subject
they are studying. Furthermore, the holistic nature of IK could help learners to see issues in their fields of
study from environmental, social, and economic perspectives. However, because of the difference in
geographical location, different approaches may need to be followed than those for the Ethiopian universities’
context. Among the possible means of utilizing the two types of IK in the context of WUR is using learning
approaches such as virtual reality, documentaries followed by group discussions, and knowledge clips of the
indigenous natural resource management and animal healthcare practices. Such approaches may help make
the content appealing to students at WUR. Furthermore, these approaches provide the learners with
opportunities to observe the indigenous practices as performed by the indigenous experts. A more preferred
means of utilizing Ethiopian IK in a different context, such as WUR, is to establish exchange programs with
similar universities in Ethiopia and sending interested students there. Their stay can be an opportunity to get
firsthand experience of the indigenous natural resource management and healthcare practices. The task for
WUR students in their exchange programs could be an MSc thesis project in which they explore relevant
topics of their interest from the Ethiopian IK. As such, in addition to learning from one’s own context,
exploring others” worldviews may help learners to view complex sustainability issues through diverse lenses.
Exchange programs may also benefit students from Ethiopia to get different social and academic experiences
abroad.

The successful use of the two examples of Ethiopian IK at Ethiopian or other universities depends on several
factors. These include the attitude of relevant stakeholders (i.e., policymakers and implementers in the
education sector and students) toward IK and their commitment to creating enabling conditions.

It is usually those contexts with limited modern infrastructure that mainly use IK. However, other (e.g.,
Eurocentric) contexts could benefit from their own and others’ IK. Higher education and research
organizations in such contexts may explore the IK in their location that did not make it to their formal
educational systems. Alternatively, they could learn from IK of different contexts. The above examples
indicate some of the possible means of achieving this. Among the lessons that can be learned from IK are
diverse worldviews related to environmental stewardship (Havemann, 2015). Besides, holistic perspectives
that contribute to sustainability can be learned from IK (Mazzocchi, 2006; Zidny et al., 2020).

In addition to the need for the inclusion of IK, identifying the means of integrating it in the higher education
curricula is important. The above examples indicate that specific contents of IK can benefit relevant fields of
study in modern higher education systems. Furthermore, the examples suggest some means of integrating the
IK in higher education programs. The different means of integrating IK and modern education discussed in
the preceding sections mainly concern the Ethiopian context. The findings of this dissertation also propose
general educational design principles that can be used in the effort to integrate IK in modern higher education
systems. Possibly, these general principles may work in different contexts as well. These are discussed in the
next section.
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Educational design principles to integrate indigenous knowledge and modern education

The findings in Chapter 3 suggest the following five educational design principles to facilitate the combination
of IK and modern higher education in the Ethiopian context. These principles are proposed as a means of
utilizing IK in higher education sustainability programs. Specifically, they are intended to develop learner
SCs. In Chapter 3, each principle is presented in further detail.

1. Define worldviews — this helps to understand the worldviews of a context where learning happens.
The worldviews can be used to (re)design the higher education programs focusing on preparing
sustainability change agents.

2. Utilize indigenous knowledge — this entails the use of local content, languages, and examples.
Possible means of achieving these include student apprenticeships to explore IK, involving local
experts as guest lecturers, and offering IK courses in modern education.

3. Build on students’ local experiences — take advantage of the diverse interests, backgrounds,
experiences, and cultural resources students bring from their localities.

4. Provide engagement opportunities — create an enabling environment for learners to play active roles
in the learning process.

5. Utilize sustainability-oriented pedagogies — use pedagogies that are relevant in fostering SCs
including field trips and cooperative, practice-based, and place-based learning.

The findings suggest the importance of realizing that sustainability challenges are complex. They also show
that the approaches to deal with these challenges should not depend only on the dominant Eurocentric
worldviews. Instead, pluralistic approaches are suggested. The combined use of IK and modern education
facilitates such pluralism, which requires readiness to learn from and collaborate with diverse stakeholders.
Several steps are required to use diverse worldviews and IK in the higher education curriculum of the context
under study. First, the diverse IK in different communities in Ethiopia needs to be explored. As such, the IK
that is relevant to sustainability can be identified. Then, the five learning design principles discussed above
can facilitate the integration of IK in modern education. Introducing innovative changes in the higher
education system requires the concerted effort of several stakeholders. Such changes are likely to face
resistance. Addressing the possible challenges is important for the suggested changes to take effect. These
changes, based on the results of the studies presented in Chapters 2 to 4, may enhance the relevance of the
higher education system and its contribution to fostering SCs of learners. The possible challenges of
introducing the changes are discussed in the implications of the findings for policy and practice in Section 5.4.

5.2.3 Fostering systems thinking competence

The other findings of this dissertation described in Chapter 4 concern systems thinking competence. The
results show that multiple learning approaches in real-world contexts help to foster learners’ systems thinking
competence, that is, their ability to recognize the elements of sustainable development, to understand the
complex interrelationships among them, and to appreciate the impacts of the interrelationships. Specifically,
field trips, collaborative learning, paper-and-pencil note-taking, and creating multimedia content were used
as interventions. How each of these learning approaches contributed to fostering the systems thinking
competence of participants is briefly discussed below.

The field trips took learners out of confinement in classrooms. As they were exposed to real complex realities,
the learners realized that social, environmental, and economic phenomena are not isolated or independent of
each other (Vare et al.,, 2019). The collaborative learning facilitated the exchange of different ideas among
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participants and helped participants to appreciate the complex nature of elements of a system and their
interrelationships (Scheer & Plattner, 2012).

The other learning approach that helped participants’ systems thinking competence is mobile learning, in a
form of learner-generated videos and pictures. This approach facilitated real-world learning and enhanced
the motivation of learners and their meaningful engagement as content creators. These features of mobile
learning have the potential to enhance systems thinking competence by enabling collaboration among learners
(Gikas & Grant, 2013; Heflin et al., 2017; Pimmer et al., 2016; Sung et al., 2016, 2019; Vazquez-Cano, 2014). The
paper-and-pencil approach also helped in enhancing participants’ systems thinking competence. This
approach facilitates conceptual understanding of learners, as they purposely choose what notes to take and
when to take the notes (Mueller & Oppenheimer, 2016).

These learning approaches and the real-world environment enabled learners to collaborate and learn from
each other’s diverse ideas. The intervention was also an opportunity to meaningfully engage in the learning
process. This helped the learners to appreciate the complex nature of social, environmental, and economic
systems. The intervention helped in fostering the systems thinking competence of the participants. See
Chapter 4 for a detailed discussion of how the use of the combined learning approaches helped to enhance
the systems thinking competence of participants. Systems thinking is an important competence. It enables the
realization that an action - for instance, an economic activity - can impact society and/or the environment.
Hence, systems thinking competence stimulates the learners’ sensitivity and responsibility toward
sustainability issues. It is crucial for sustainability change agents to possess this competence. However, it is
difficult to foster systems thinking competence using traditional learning approaches (Molderez &
Ceulemans, 2018a). Therefore, in higher education programs focusing on enhancing systems thinking
competence, it is crucial to use multiple learning approaches. The learning approaches complement each
other. Furthermore, using real-world settings and issues is crucial. This allows learners to appreciate the
complex interrelationships among society, the environment, and the economy.

Overall, the findings of this dissertation have implications for theory and practice in sustainable development,
competence, and education for sustainable development fields. These implications are discussed in the
following sections.

100



5.3 Theoretical contributions of the findings

The findings of this dissertation contribute to theory in different ways. The next sections discuss the
contributions related to the SCs framework, education for sustainable development, the role of IK in fostering
SCs, and systems thinking competence.

5.3.1 Sustainability competencies framework

Chapter 2 identified SCs that are relevant to a BoP context, an area of the SCs literature where little is known.
Noting that the SCs literature is dominated by Eurocentric discourses, Rieckmann (2012) emphasized the need
to identify SCs in the context of the global south as well. Sterling et al. (2017) also share this concern. They
indicated that studies in the SCs literature are rare in the context of the global south. Studying SCs in the BoP
context is important, as it has different socioeconomic features. These features differentiate it from Western
contexts that dominate the SCs discourse. As such, the findings of this dissertation extend the SCs literature
by exploring it from the perspective of differences in socioeconomic contexts.

A related contribution of the dissertation is an indication of the possibility that some SCs could be universally
relevant, regardless of differences in economic and social features of contexts. This was implied by the results
in Chapter 2. The seven SCs taken from mainly Western contexts were found to be relevant in the Ethiopian
context as well. Furthermore, among the eight additional SCs suggested by Ethiopian experts for the Ethiopian
context, some were also later found in the literature. These include social justice and inclusion competence,
and stakeholder and policy coordination competence. Hence, the findings indicate that contexts with different
socioeconomic features may not necessarily require different sets of SCs. Brundiers et al. (2020) explored
agreement on the relevance of the most frequently cited sustainability competencies framework developed by
Wiek et al. (2011). In this study too, the people who got involved as experts reviewing the relevance of the SCs
were almost all from Western contexts. This was a point noted by the authors as a limitation. The findings
about the possible relevance of some SCs across contexts are not supported by some authors. For instance,
Leal Filho et al. (2021) observe that there are attempts to come up with widely accepted SCs. They argue that
“attempts at creating a definitive list have proved to be very difficult (if not impossible) to achieve, primarily
because of different ideologies, perspectives, contexts, and priorities.” (p.104) There is a possibility, however,
that some SCs are relevant across contexts. Yet, the findings of this dissertation indicate that some SCs are
more relevant in certain contexts than in others. For example, among the SCs identified in this dissertation is
the competence to utilize indigenous resources for sustainability. The competence is relevant in contexts where
society depends mainly on IK. Still, other contexts may also benefit from IK if they recognize its value. These
findings related to SCs and the difference in context could be taken as a first indication of the possibility of a
wider relevance of some SCs. As such, the findings could be a starting point for future research to explore
which SCs are relevant in specific contexts and which are relevant across contexts. The possible relevance of
some SCs across contexts has implications on competence theory, as well. The implications of a wider
relevance of SCs on competence are elaborated on in the next section.

5.3.2 Competence theory

Competence is considered context-specific (Mulder, 2014). If SCs are found to be widely relevant regardless
of differences in contexts, this could stimulate context-related discourse in the competence field. That is, the
findings of this dissertation challenge the conclusion that all competencies are context-specific. In other words,
though how they manifest themselves might be context-specific, certain competencies may have general
value, regardless of context.
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The findings regarding the wider relevance of some SCs may have implications on the possibility of
international standardization of the SCs. A closer example of international standardization of SCs is the global
competence framework by the Organization for Economic Co-operation and Development (OECD). In this
framework, global competence is defined as “the capacity to examine local, global and intercultural issues, to
understand and appreciate the perspectives and world views of others, to engage in open, appropriate and
effective interactions with people from different cultures, and to act for collective well-being and sustainable
development” (OECD, 2018, p. 7). In other words, if some of the SCs are found to be universally relevant, this
may have implications for future studies on the possibility and desirability of international standardization
of the SCs.

The dissertation addressed the competencies required by sustainability change agents in different sectors.
These competencies facilitate their efforts in dealing with global sustainability problems. As such, the findings
contribute to the theory of professional competence. The results show that certain SCs - for example, the seven
SCs taken as starting points in Chapter 2 - can be generic and independent of socioeconomic context, whereas
others, such as competence to utilize indigenous resources for sustainability, are context-specific. The findings
relate to the comprehensive view on competence.

This approach sees competence as integrated skills, knowledge, and attitudes (Mulder, 2014; Wiek et al., 2011).
Hence, the findings show that certain combinations of knowledge, skills, and attitudes are required to address
sustainability challenges. This also indicates that education for sustainable development curricula should
focus on enhancing the integrated skills, knowledge, and attitudes of learners. As such, the findings contribute
to identifying SCs required by sustainability change agents.

The core of this dissertation - sustainable development - is a future-oriented concept. Among others, it focuses
on the need to enable current and future generations to meet their needs (WCED, 1987). Hence, the findings
contribute to the future-oriented competence framework. Mulder (2019) emphasized the importance of future-
oriented competence “not only for being able to function in tomorrow’s society and to cope with the challenges
ahead but also for shaping that society.” (pp. 1185-1186) He discusses a model of future-oriented competence.
The model comprises five components: integrative learning competence, disciplinary and interdisciplinary
competence, self-management and career competence, personal-professional competence, and social-
professional competence. While the focus of this dissertation (i.e., SCs) is related to all the competences of this
model, the relevance of some of the components is even stronger. For example, the personal-professional
competence comprises competencies related to sustainable development. These include “ambiguity and
uncertainty handling, complex problem-solving, sustainability, and action competence”. The findings of this
dissertation on SCs are also closely related to another component of this model - integrative learning
competence. Mulder states that “this symbolizes the key role learning competence plays in human existence.
Without learning competence humans would not be able to solve the current complex questions and future
challenges.” (p.1186) Among the SCs identified in this dissertation are flexibility and continuous learning
competence for sustainability and anticipatory competence to predict future sustainability issues. Hence, the
findings of this dissertation contribute to the future-oriented competence framework. They confirm the
importance of future-oriented competencies. Besides, they show which specific SCs are important to address
current and future sustainability challenges in a BoP context. The discussion of future-oriented competence
by Mulder (2019) emphasizes the importance of future-oriented competence and the learning thereof.
However, it does not cover how these competences should be fostered particularly in a BoP context. The
findings of this dissertation extend the future-oriented competence framework by indicating how the
competencies can be developed.
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The next section focuses on how to enhance SCs of future sustainability change agents. The section discusses
education for sustainable development in relation to learning environments, learning approaches, and IK.
Besides, the section proposes different means of integrating IK with modern higher education.

5.3.3 Education for sustainable development

The studies in Chapters 3 and 4 addressed several issues related to education for sustainable development in
Ethiopia. That is, higher education focusing on fostering SCs of learners. Below, the implications of the
findings on the role of IK in enhancing SCs are discussed. Next follows a discussion on the contributions of
using multiple learning approaches to foster systems thinking competence.

5.3.4 The role of indigenous knowledge in fostering SCs

The findings of the study presented in Chapter 3 indicate the importance of IK in the context of education for
sustainable development. Specifically, the results suggest that IK in the study context of Ethiopia can and
should be used in the effort to foster SCs of students. In this regard, the potential contribution of some features
of the indigenous Ethiopian Orthodox Tewahedo Church education system was noted. The features
recommended to enhance the effectiveness of education programs include the use of local languages and
content and respect for local scholars. Utilization of these local resources contributes by enabling access to
knowledge preserved for centuries in local languages. This also helps in perpetuating cultures. As such, it has
a direct contribution to the social dimension of sustainable development. Besides, the use of local resources
helps in enhancing the relevance of learning. This is achieved as the use of local resources connects learning
with the priorities and reality of a certain context. A related finding of the dissertation is the need to consider
the worldviews and reality of the learners’ environment when enhancing these competencies through
education. Furthermore, the findings suggest the use of specific local content (i.e., IK). These include natural
resource management, weather forecasting, and indigenous healthcare practices. Several authors note that
natural resource conservation and indigenous ecological knowledge are among the specific areas of
contributions by IK (Berkes et al., 2000; Boiral et al., 2020; Guerrero-Gatica et al., 2020; Rist et al., 2010). The
findings of this dissertation add to the literature on sustainability education and IK in different ways. One
contribution is indicating the importance of valuing IK and the means of utilizing it in the effort to foster SCs.
The findings emphasize the importance of utilizing local resources such as languages, scholars, and content.
In addition, the results suggest the use of pluralistic approaches to education for sustainable development.
Diverse ways of knowing as well as worldviews could be brought together and complement each other to
help in enhancing learners’ SCs. Opstal and Huge (2013) strengthen this argument as they note that “it is of
major importance that SD [i.e., sustainable development] acknowledges that different worldviews co-exist
and are dynamic and that these different visions are not isolated.” (p.692) Reed et al. (2007) studied adaptation
to land degradation. They concluded that by integrating IK and knowledge from the scientific literature “it
was possible to produce more relevant results than either approach could have achieved alone” (p.264). In
addition to indicating the need to use IK, the findings of this dissertation propose possible means of applying
IK in combination with modern education. The lessons from this can be relevant mainly to contexts where
both IK and modern education exist. Agrawal (2009) indicates that there are several ways of knowing.
Recognizing diverse worldviews as an opportunity could help in addressing the limitations of the dominant
modern higher education system. For instance, holistic views of IK could complement what some authors
refer to as the reductionist feature of Western/modern education (Haigh, 2005). Kaya and Seleti (2014) describe
(African) IK as holistic. Johnson (1992) explains the holistic feature of IK (Traditional Ecological Knowledge,
or TEK) as follows:
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“TEK is holistic; Western science is reductionist. Western science deliberately breaks down data into smaller
elements to understand whole and complex phenomena. For TEK, all elements of matter are viewed as
interconnected and cannot be understood in isolation.” (p.7)

Among others, the value of IK for sustainability lies in its holistic nature. In the modern sustainability
(education) discourse, the drawbacks of reductionist approaches and the importance of holistic approaches,
e.g. systems thinking, are increasingly recognized. Hence, integration of the two knowledge systems could
enrich education for sustainable development. Based on the findings, the recommendation in this dissertation
is to follow an inclusive approach where diverse worldviews and learning approaches are utilized to foster
learners’ SCs. Though the potential of IK and the benefits of utilizing it in combination with modern education
are recognized, realizing the integration of the two systems may not be straightforward. There may be
resistance to change from the status quo. The resistance may come from students, teachers, policymakers, or
other stakeholders. This resistance is discussed in Section 5.4.3. Despite the possible challenges, there are also
opportunities that may facilitate the integration of IK and modern education. Among these opportunities are
the increasing recognition of IK and the recommendation to capitalize on this knowledge system. For instance,
participants in the study described in Chapter 3 of this dissertation insist on the need to explore and utilize IK
in Ethiopia to foster SCs of higher education students.

The findings of this dissertation contribute to education for sustainable development by indicating that
modern higher education can learn from the holistic nature of IK. Furthermore, the findings propose the
means of benefiting from integrating IK with modern education. As indicated in Chapters 1 and Chapter 3,
characterizing all Western contexts as homogenous is problematic. The same is true with BoP contexts. Hence,
it is important to note that the terms “Western” and “BoP” only indicate general trends in those contexts. That
is, the points referring to the two terms discussed in this dissertation are not intended to make conclusions
about each country in the Western or BoP contexts.

5.3.5 Fostering systems thinking competence

The study described in Chapter 4 explored the contributions of simultaneously implementing a combined set
of innovative learning approaches to fostering systems thinking competence. The combination of various
learning approaches was applied in real-world settings. In this section, the contributions of these learning
approaches to enhancing participants’ holistic/systems thinking competence are discussed.

The main contributions of the studies in this dissertation include the identification of SCs in relation to (the
BoP) context and the means of fostering the competencies. Regarding the latter, the need to use holistic
approaches through the combination of diverse worldviews including IK, and the importance of utilizing
relevant learning approaches for competence development are emphasized.

The findings in Chapter 4 extend the constructivist learning theory in the context of developing SCs.
Constructivism in this context relates to learning approaches and environments that facilitate meaningful
engagement of learners in “knowledge co-creation...,, and development of the students’ creative thinking”
(Dziubaniuk & Nyholm, 2020, p. 178). Chapter 4 contributes by indicating specific learning approaches - field
trips, mobile learning, collaborative learning, and paper-and-pencil note taking — and authentic environments
help in enhancing learners” systems thinking competence. The combined learning approaches and the real-
world environment enhance the motivation of learners and facilitate their meaningful engagement in
knowledge co-creation and in generating collective solutions to sustainability challenges. Furthermore, the
learning approaches and the authentic settings helped participants to realize that social, environmental, and
economic issues are not isolated — rather, these issues are interrelated. Hence, the findings in Chapter 4 show
the connections between SCs and constructivist learning approaches that are effective in fostering SCs.
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Dealing with complex sustainability issues requires, among others, systems thinking competence. That is, the
ability to appreciate the elements involved in a system and how these elements interact with and affect each
other. Hence, the findings contribute to the systems thinking discourse in the context of sustainable
development.

Leal Filho et al. (2021) indicated that in education for sustainable development, teachers who participated in
their study considered “student encouragement..., and application of concepts to real-world problems...” as
important (p.107). Similarly, the findings in Chapters 3 and 4 of this dissertation emphasize the importance of
learners’ motivation and engagement in education for sustainable development. Furthermore, the findings of
these chapters identified learning approaches and real-world environments that motivate and meaningfully
engage learners. These findings add to the education for sustainable development literature by indicating the
importance of using real-world environments. Furthermore, the findings show specific learning approaches
that motivate learners. For instance, two of the learning approaches used in the study described in Chapter 4
were mobile learning and collaborative learning. These learning approaches are appealing to learners
(Ekanayake & Wishart, 2014; Molnar, 2017; Pimmer et al., 2016).

As anormative concept, sustainability requires values that facilitate actions toward a more sustainable future.
The real-world contexts and the learning approaches mentioned above help to foster these values. Unlike
learning methods confined in classrooms and dependent on textbooks, the above approaches and the real-
world context expose learners to the complex systems that involve issues related to social, environmental, and
economic dimensions of sustainable development. The combination of the aforementioned learning
approaches and the real-world context helps learners to appreciate that all the dimensions are relevant, but
solutions do not serve all elements. Hence, learners better understand the need to make (difficult) choices and
that makes their values more explicit. As such, these approaches help learners develop pro-sustainability
values. Concern for sustainability, in turn, helps learners realize the urgency to act for a sustainable future.

In general, the findings of this dissertation contribute to theoretical discourses on sustainable development,
competence, SCs, education for sustainable development, and IK. In addition to these theoretical
contributions, the findings have implications on policy and practice in sustainable development, education,
and training. These contributions are discussed in Section 5.4.

5.4 Implications of the findings for policy and practice in sustainable development
education and training

The results of this dissertation inform policy and practice in training and higher education for sustainable
development. The findings may help the training of future sustainability change agents. To produce change
agents who facilitate progress toward a more sustainable future, the contributions of several stakeholders are
crucial.

Among others, stakeholders in higher education and training institutions should realize the urgency to
address sustainability issues. Stakeholders also need to commit to implementing the recommendations in this
dissertation. The findings also address how higher education for sustainable development can contribute to
the achievement of the UN SDGs. For the higher education system to meet this demand and train students to
become (future) sustainability change agents, the system needs to undergo several changes. The implications
of such changes and suggestions of how to get stakeholders on board with the changes are discussed in the
subsequent sections.
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5.4.1 Implications of the findings for the sustainable development goals

Chapter 1 of this dissertation presented a recent report by the United Nations that the world is not on track to
achieve the SDGs by 2030. One of the possible factors for this unsatisfactory performance could be the
underperformance of universities. Because of its potential, the higher education sector could contribute more
to the achievement of the SDGs. Leal Filho et al. (2021) agree with this as they state that “if universities play a
leading educative role in this agenda, the SDGs are more likely to be achieved, particularly as higher education
underpins the development targets...” (p.288).

Similarly, the UN’s Agenda 2030, which is aimed at achieving the SDGs, recognizes the role of education in
achieving the goals. Goal 4 specifically states the need to equip all learners with SCs. This goal has an
important implication that all learners need to possess certain competencies to help them facilitate sustainable
development (United Nations, 2015). This implication supports the argument in this dissertation that higher
education students of all fields should be educated to become future sustainability change agents (Walter Leal
Filho et al., 2019, 2021). Besides, this has practical implications for education for sustainable development.
These implications are elaborated in the next section.

5.4.2 Implications of the findings for education and training in sustainable development

As discussed in the previous section, the need to consider higher education students of all fields as potential
sustainability change agents is crucial. Realizing this need has important implications for policymakers and
other relevant stakeholders in education for sustainable development to prepare the necessary policy and
implementation frameworks. Among others, the stakeholders need to collaboratively review and revise all
higher education programs. Such revisions are important so that the course contents and learning approaches
in higher education programs help the preparation of sustainability change agents. In other words, the SCs
identified in this dissertation as relevant to the Ethiopian context should be included in the higher education
curricula of the country. The changes required of different stakeholders including teachers and students,
possible challenges of implementing the changes, and tentative means of addressing these changes are
discussed in Section 5.4.3.

Chapter 2 identified SCs that are relevant for a BoP, Ethiopian, context. The set of SCs identified in this
dissertation can be used in higher education sustainability programs. Also, training programs aimed at
enhancing the competence of sustainability change agents such as corporate social responsibility officers can
use the SCs. These education and training programs may focus on equipping their students/trainees with the
SCs. In other words, the SCs framework could serve as intended learning and training outcomes for higher
education and training programs in sustainable development. Relevant stakeholders including decision-
makers from national to school levels, students, teachers, and the industry should work together on how to
foster these competencies.

Identification of the relevant SCs is one of the factors required to foster these competencies in learners. Other
important factors include the acceptance of the SCs by key stakeholders including policymakers, teachers, and
students. The next section presents the roles of the key stakeholders in defining the required SCs and why
their roles matter. In addition, the possible means of fostering such competencies are elaborated.

106



5.4.3 The role of stakeholders

Chapters 3 and 4 addressed an important issue of learning approaches that are relevant and effective in
developing SCs of sustainability change agents. The findings indicate that when designing education and
training for sustainability, carefully reviewing its relevance to the worldviews and priorities of a context is
crucial.

Assuring the relevance of an education system enhances its contribution to producing change agents who are
aware of societal priorities. Furthermore, the findings suggest that sustainability education programs should
help in realizing the potential of IK in developing SCs of learners. Such programs should explore possible
ways of utilizing diverse worldviews including local knowledge. Utilizing IK facilitates for local languages,
content, and scholars to be esteemed and indigenous practices perpetuated.

The results of this dissertation emphasize the need for higher education sustainability programs to
meaningfully engage learners in the learning process. The findings also underline the need to use real-world
learning environments. Enhancing the relevance and effectiveness of higher education sustainability
programs requires a shift from the business as usual approach. This includes moving away from the
domination of lectures and confinement in classrooms. Innovative learning approaches based on diverse
worldviews and the use of real-world environments are crucial. Thus, the higher education system needs to
make the necessary adjustments starting from legislating policy to the practice of teaching in the sense of
stimulating students’ learning processes. It is important that these changes focus on creating enabling learning
environments for the educational system to play its role in the effort toward a more sustainable future. For
instance, the higher education system should be innovative in a way that equips all higher education students
with SCs, regardless of their field. Acquiring SCs may help students in their future job positions to positively
contribute to a more sustainable world. Introducing all students of higher education institutions to sustainable
development or the SDGs is also supported by Leal Filho et al. (2019).

Change in different aspects of higher education systems is required if the SDGs are to be achieved. Leal Filho
et al. (2019, p. 288) argue that the SDGs bring opportunities and challenges regarding curriculum. They
indicate that such transformations “may challenge existing ways of thinking and organizing.” This statement
has implications for practice in the Ethiopian context as changing the status quo may cause resistance from
diverse stakeholders. Different factors may cause resistance. These factors may include any of the several
reasons for resistance to change in higher education systems identified by Chandler (2013). These reasons
include concern that the change causes time pressure, interest to maintain the status quo, and leaders’ lack of
skills to manage the intended change.

Damawan and Azizah (2020) identified seven strategies to deal with resistance to change. Brief descriptions
of three of these strategies are given here. “Introducing the changes slowly” is one of the strategies. The
authors note that this strategy gives time to the people that may be affected by the changes to digest
information about the desired change and adjust accordingly. Another strategy the authors identified is the
participation of the people that may be affected by the change. The authors indicate that involving these
people in the change process is “the most effective solution to overcome or reduce resistance to change” (p.51).
“Facilitation and education” of the concerned people about the desired change is also among the means
identified to deal with resistance to change.

Each environment and the nature of resistance may require different approaches. Still, consideration of
strategies such as the ones identified by Damawan and Azizah (2020) may be useful to overcome resistance
to change. Furthermore, in Section 5.4.3 the role of stakeholders, the possible challenges of integrating IK and
modern education, and the possible means of dealing with the resistance from some of the stakeholders are
discussed.
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In the introduction and implementation of the required changes in higher education, utilizing the contribution
of the industry sector is important. This sector has considerable resources. The sector may give learners the
opportunities to get exposed to real-world sustainability issues. Hence, the industry sector could contribute
to creating enabling environments for higher education sustainability programs.

One of the challenges in the education for sustainable development is the assumption that Western education
is the “standard and the only” approach. Challenging this assumption and creating more space for plural
worldviews and IK is one of the required changes in the higher education system. Higher education
institutions and other relevant stakeholders such as training and research centers should consider utilizing
local knowledge, languages, and scholars. Among others, the five principles suggested in Section 5.2.2 and
Chapter 3 facilitate the use of IK. However, the implementation of the suggested changes may not be
straightforward as challenges including the ones discussed below could be faced.

How motivated are the key stakeholders including decision-makers, teachers, and students in sustainability
and education for sustainable development? To what extent are the stakeholders ready to shift from the
traditional learning approaches and embrace diverse worldviews, innovative learning approaches, and IK?

How these questions are answered determines whether the findings of this dissertation can be practically
implemented in higher education sustainability programs and result in societal benefits.

Fullan (2007) asks “what “theories of action” really get results in education reform” and emphasizes that
motivation of stakeholders is crucial if desired changes are to be achieved. He explains that “if one’s theory of
action does not motivate people to put in the effort individually and collectively that is necessary to get results,
improvement is not possible.” (p.8) Hence, it is crucial to challenge the key stakeholders to see the urgency to
contribute toward a more sustainable future. It is also important to encourage learners to be committed to
creating enabling environments. Without these contributions from the key players, the implementation of the
suggested approaches and transformations would be difficult, if not impossible.

The stakeholders in the higher education system including the national-level decision-makers who legislate
sustainable development and education policies, teachers, and students have important roles. Next, the
possible implications of changes in the higher education system on the key stakeholders and the importance
and means of motivating a major stakeholder group, i.e., students, are discussed.

Policymakers

Policymakers should have intrinsic motivation to address sustainability issues. They should be convinced of
the importance of preparing change agents to deal with sustainability challenges. It is also important that
policymakers understand the significance of IK and strive to take the necessary steps to include IK in the
higher education system. Implementing these changes may take time and require the concerted efforts of
different stakeholders. Among these stakeholders, researchers have a significant role in indicating the
importance of the recommended changes. Researchers can also contribute by pointing out how higher
education systems can facilitate social, environmental, and economic development. Furthermore, future
studies on stakeholder analysis are important to identify and involve the key players in education and
sustainable development.
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Teachers

Most of the studies on the identification of SCs and education for sustainable development fields focus on
students. However, the competence of teachers is also crucial. If competent, teachers can help their students
as coaches in acquiring SCs and facilitate the achievement of development goals, such as the SDGs.
Recognizing the knowledge gap regarding SCs of teachers, recent studies are emerging to address it (Corres
et al., 2020; Walter Leal Filho et al., 2021; Scherak & Rieckmann, 2020). For instance, Leal Filho et al. (2019)
note that, among others, “the most common reasons for not integrating the SDGs in the curricula are related
to lack of [staff] training.” (p.292)

As suggested in Chapter 3, one of the means of integrating modern higher education and IK to foster SCs of
learners is engaging local people with IK. Among the possibilities is the use of experts in IK as guest lecturers.
There are examples of the practice of integrating IK in the key functions of education (teaching and research).
Among these examples is the North-West University in South Africa (Kaya & Seleti, 2014). At this university,
the integration of IK in modern education took different forms. These forms include the use of local languages,
indigenous practices, and content relevant to the context.

The teachers who incorporated IK in their lessons indicated that “when AIKS [African Indigenous Knowledge
Systems] was systemically and holistically included into the curriculum, student achievement improved.” The
teachers explained the reason: “students could relate what was taught with their own home and community
experiences.”

Similarly, the students at this university gave positive feedback on their experience of learning with IK
integrated with modern education. Students specified what they gained from the integrated learning
approach. These gains include “new multi- and transdisciplinary knowledge and skills, especially cultural
skills..., helped them to increase self-esteem or self-worth. It also made them sensitive to the challenges of
community livelihood and development” (p.39).

Overall, several stakeholders indicated the positive outcomes of integrating IK in modern education at the
North-West University in South Africa. The results from the practical application of IK at this university
support the claims in this dissertation. That is, the use of IK in combination with the modern higher education
system enhances the relevance of the content and effectiveness of learning approaches. For additional
examples of using IK with modern education, see Chapter 3.

When involving people with IK in the modern higher education system, respect and sensitivity to the IK
experts and their worldviews are important. In this regard, Leal Filho et al. (2019) note the importance of
developing learners’ “worldview and values sensitivity” so that they can contribute to the achievement of the
SDGs (p.286). Enhancing students’ value sensitivity requires that the teachers in the modern higher education
system first develop sensitivity to diverse worldviews. Teachers also need to be aware of the potential
contributions of IK. These contributions could be important steps to properly communicate with IK experts
and collaborate with them. Hence, the other implication of the need for modern higher education teachers to
enhance their SCs is that the focus of teachers” continuous professional development should also include
relevant elements of IK and communication with IK experts.

7

In the efforts to incorporate IK in modern education, one issue is consideration of IK as less important than
the dominant Western education (Briggs, 2013; Magni, 2017). Briggs (2013) notes that “it would seem,
although often quite implicitly, that indigenous knowledge can only be taken seriously if it has the approval
of science.” (p.235) He indicates that this is one of the factors that hinders institutionalizing IK, which implies
that policymakers” and implementers’ attitudes toward IK are important if the higher education system is to
benefit from it.

109



Students

Another important factor in the effort to incorporate IK in modern higher education is the attitude of students,
arguably the most important stakeholder group. This factor has an important implication for education for
sustainable development practice. That is, before implementing such initiatives, education policymakers and
implementers need to encourage and enable students to learn IK or the combination of IK and Western
education starting from lower grades. In this regard, creating awareness among students about the worth of
Ethiopian IK is important. Among others, showing learners practical experiences of Ethiopian IK used in
Ethiopia and abroad could help them value IK. For example, one possibility is indicating the value of the
ancient Ethiopian language Ge’ez and the IK preserved in it. One option is informing students that, cognizant
of the importance of this language and the knowledge preserved in it, several universities in Europe and
North America offer Ge’ez-related courses. Another possibility is asking students intriguing questions like
“Why did NASA, the National Aeronautics, and Space Administration name the constellations Cassiopeia
and Cepheus after the ancient Queen and King of Ethiopia in Greek mythology?” Such approaches could be
possible means of creating awareness about and triggering learners’ curiosity and interest in IK such as ancient
Ethiopian astronomical knowledge. Furthermore, historically, as indicated in Chapter 3, modern education in
Ethiopia did not build on the Ethiopian indigenous education system, nor did it encourage students to value
their culture. Rather, the modern educational system considered indigenous Ethiopian education to be
“irrelevant”. Hence, the findings of this dissertation have practical implications related to policymakers,
teachers, and students. It is important to draw lessons from these implications. That is, the higher education
system should recognize the role and interest of the stakeholders and embrace diverse worldviews.

Despite the potential contributions of this dissertation by indicating the theoretical and practical implications
of the findings, this dissertation also has limitations, as discussed in the next section.
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5.5 Limitations and suggestions for future research

The findings of the studies in this dissertation are intended to contribute to the efforts of addressing a major
global challenge — unsustainability. However, there are several limitations in the studies. Pinpointing and
discussing these limitations may help to indicate what future studies could address. The limitations also
indicate how future studies may complement the findings of this dissertation.

To identify important SCs for the Ethiopian context, experts who are familiar with the context and who have
expertise in sustainable development contributed to the research described in Chapter 2. Therefore, the nature
of the study in this chapter does not lend itself to the generalization of the findings to other contexts. Hence,
the findings concern what SCs are relevant mainly in the Ethiopian context. To conclude whether these SCs
are relevant to other contexts, further research involving multiple countries is required. However, two factors
indicate that it could be possible for some of the identified SCs to be relevant to other BoP and non-BoP
contexts as well. First, the Ethiopian experts who participated in the study confirmed that the seven SCs taken
from the mainly Western contexts are important for the Ethiopian context as well. Second, some countries are
rather similar to Ethiopia and share the socioeconomic features of BoP contexts. Thus, these similarities may
call for a comparable set of SCs. However, whether such a call for comparable SCs exists cannot be concluded
without further studies that involve sustainability experts from several contexts. The other important
implication of the findings, discussed in Section 5.4, is the possibility of a wider/universal relevance of some
SCs. Based on this clue, future research should be conducted in multiple countries with different
socioeconomic features. In this regard, the SCs literature is dominated by Western contexts. There is limited
research on SCs in other contexts. Hence, future studies into identifying widely/universally relevant SCs could
focus more on non-Western contexts, without ignoring the Western context. Such studies could start with
identifying SCs that are relevant in multiple BoP contexts. This identification will help reveal whether
countries with BoP features need a comparable set of SCs. Following this step, similar studies conducted in
multiple non-BoP contexts could be identified. Finally, comparing the results of the studies in the two contexts
may help with exploring the universal relevance of SCs.

The studies in this dissertation also have the following limitations related to the methods used.

To identify Ethiopian IK relevant for being combined with modern higher education, directly studying the IK
possessed by communities in the country would be ideal. However, the study on IK in Chapter 3 depended
on the suggestions of participants - that is, people with expertise in the fields of modern education and
sustainability. In other words, the study did not directly explore the Ethiopian indigenous education system
and the contents of IK in different communities. To complement the findings of this dissertation, future studies
are suggested. It is recommended that such studies examine IK and sustainable development by directly
involving the experts in the Ethiopian IK as key informants in the studies. One possibility of realizing this
involvement could be using ethnographic methods.

Ethnographic methods mainly use data gathering techniques such as participant observation. Hence, the
methods enable the engagement of researchers with the community they study (Morgan-Trimmer & Wood,
2016). Such methods help researchers to gain firsthand experience of the indigenous communities and
document their IK that is relevant to sustainable development.

Another limitation of this dissertation relates to the study described in Chapter 4. This chapter explored the
contributions of a combination of multiple innovative learning approaches to enhancing systems thinking
competence. As participants, the study included only 36 students of the Bachelor of Arts program in
Geography and Environmental Studies at Addis Ababa University, in Ethiopia. Hence, the results of the study
cannot be generalized to students in all fields at the University.
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As elaborated in Section 1.2, attaching the sustainability change agent role only to students of certain fields
may be problematic and could create a wrong assumption that students of other fields do not play a role in
sustainability. Therefore, higher education students of all fields should be introduced to the basics of
sustainable development as future sustainability change agents. Students with an interest in the SD field may
further their sustainability studies. Hence, it is recommended that future studies on the effectiveness of
learning approaches in fostering SCs include students from multiple disciplines. Furthermore, it is important
that stakeholders in the higher education system work together to convince the students of the need to get
introduced to the basics of sustainability.

The other limitation in Chapter 4 is the short duration (i.e. about two months) of the intervention. The results
in Chapter 4 do not tell whether the impact of the intervention could be different if the intervention covered
a longer period. Studies with extended duration of interventions may help to examine whether the length of
the intervention period affects participants’ systems thinking competence. The short time between the
intervention and the post-test is also another limitation. As such, the results may not tell whether the impact
of the intervention could be lasting or not. Future studies on a similar area could focus on interventions that
cover a longer period. It is also recommended to conduct a post-test shortly after the intervention. It then may
be useful to follow up with post-tests after longer periods since the time of the intervention.

To conclude, the sustainability experts from academia and the industry who participated in the study
presented in Chapter 1 of this dissertation indicated the relevance of 15 SCs. These experts consider that the
SCs help sustainability change agents to play their role toward a more sustainable future. To prepare future
sustainability change agents, the SCs identified in this dissertation are recommended to be included in higher
education programs. Stakeholders in the higher education system may consider the SCs when preparing and
revising curricula. This preparation and revision could be guided by the five learning principles suggested in
Section 5.2. Furthermore, in their effort to prepare sustainability change agents, other governmental and non-
governmental organizations with a focus on sustainable development could pay attention to the identified
SCs.

The objective of identifying and fostering SCs is to facilitate the decisions and actions of different professionals
to promote sustainability. However, this dissertation did not examine the impact of possessing SCs on
professional practice. Hence, future studies should explore the relationship between the possession of the
identified SCs and sustainability performance in different sectors.
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Appendices

Appendix I

Ge'ez language teaching is conducted in the following academic institutions by the following
faculties around the world (as of Spring 2017). Prepared by Eyob Mengesha Bekele 7 February 2018
1. Abilene Christian University, Curt Niccum

2. Addis Ababa University, Zelalem Meseret, Sirgiw Gelaw, Yikunnoamlak Zerabiruk

3. Bahir Dar University, Muluken Andualem

4. Cambridge University Faculty of Divinity, Ralph Lee

5. Catholic University, Aaron M. Butts

6. Dabra Markos University, Be’aman Girum, also Hiruyan Tegbaru Adane, at the Haddis Alemayehu
Institute of Cultural Studies

7. Florida State University, Matthew Go_

8. Frei University Berlin, Stefanie Rudolf, Klaus Geus

9. Gottingen University, Michael Kleiner

10. Hamburg University, Alessandro Bausi, Maija Priess

11. Heidelberg University, Andreas Fink

12. Ludwig-Maximilians-Universitdt Miinchen, Loren Stuckenbruck

13. Mekelle University, Hagos Abrha Abay

14. Oriental University Naples, Gianfrancesco Lusini

15. Paris, Institut Catholique, ELCOA, Jacques-Noél Peres

16. Philipps-Universitat Marburg, Stefan Weninger

17. Pontifical Oriental Institute in Rome, Tedros Abraha

18. Russian State University of Humanities (Moscow), Maria Bulakh

19. SOAS, University of London, Ralph Lee
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20. St Petersburg University, Sergei Frantsouzo_

21. St Tichon University in Moscow, losif Fridman, Oleg Davydenkov

22. Saint Mary Theological College and Ethio-American Cultural Institute, Houston, Texas,
online learning

23. University of Chicago, Rebecca Hasselbach-Andee

24. University of Texas, Austin, John Huehnergard (retiring)

25. University of Toronto, Robert Holmstedt

26. University of Vienna, George Hatke
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27. University of Washington, Seattle, Hamza Zafer

28. Uppsala University, Witold Witakowski (retiring)

This source notes that several terms are used to refer to Ge'ez language courses: “Ethiopic language
teaching, Ge'ez language teaching, Ge'ez courses, Geez language courses, Ethiopian language courses,
Gi'iz language courses.”

Accessed on 8 August 2020 from

https://www.quora.com/What-are-the-names-of-universities-that-give-Geez-language-courses
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Appendix II

Indicators for the social dimension of sustainable development
1. Attractive public realm/ Sustainable urban design
. Decent housing
. Local environmental quality and amenity
. Social capital & network/ Social involvement
. Accessibility (e.g. to local services and facilities/employment/

. Abiding by law/ Social order

N O LN

. Social cohesion & inclusion/ social and local group interactions/ social solidarity/ Sense of

community and belonging/ Residential stability (vs turnover)

o]

. Social justice: inter- and intra-generational

9. Civil society and effective civil institutions/ Active community organizations

10. Engaged government/ responsibility/Participation and local democracy

11. Education & training/ human resource development/ Human skills

12. Social inclusion (eradication of social exclusion)/ obstruction of racialism/ social dignity
13. Employment/Job security/ poverty eradication/ food security/ social security/ self-reliance
14. Good governance/participatory decision making/ people empowerment

15. Cultural heritage/ respecting indigenous knowledge and culture

16. Human rights/citizenship rights/ women and children rights/ respect to social minority groups/
17. Consumer/product responsibility

18. Labor practices

19. Fair practices/ equal distribution of resource and facilities/ Equal opportunities/ equity/ Fair
distribution of income

20. Health & safety/ human safety/ life expectancy/quality of life and well-being
21. Walkable neighborhood: pedestrian friendly

Compiled from (Ajmal et al., 2018, p. 333; Dempsey et al., 2011, p. 291; Mahdei et al., 2015, p. 14651)

Indicators for the Economic dimension of sustainable development
1. Resource exploitation costs
2. Social costs
3. Distribution of income and wealth in society
4. Promotion of resource efficiency/ sustainable production opportunities
5. Popularization of investment
6. Tourism

7. Employment
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8. Gross domestic product (GDP) per capita

9. Transportation

10. Consumption and production patterns/ Material consumption

11. Waste generation and management/ Generation, treatment and disposal
12. Share of renewable energy sources in total energy use

13. Share of women in wage employment in the non-agricultural sector

14. Labor productivity and unit labor costs

15. Economic and investment safety

16. Valuation of resources and environment

17. Sustainable employment

18. Generating sustainable technology
Compiled from (Mahdei et al., 2015, p. 14651; UN DESA, 2007, p. 14)

Indicators for the Environmental dimension of sustainable development
1. Clean air
2. Optimization of resource
3. Clean water
4. Clean land/land productivity
5. Biodiversity
6. Climate- stabilizing the climate at safe levels Reduced consumption of raw materials
7. Open green space/ aesthetics/ Preserving beauties of the earth
8. Reduced emissions of environmental contaminants from production/ reducing toxic emissions

9. Maintaining the world's ecosystem diversity and quality- its capacity to support life and its
potential to adapt to change and provide a wide change of choices and opportunities for the future

10. Healthy environmental systems are maintained — they are improving rather than deteriorating

11. Levels of anthropogenic stress are low enough to engender no demonstrable harm to its
environmental systems

12. Sustaining energy, materials, and water resources

13. Environmental protection

14. Desertification; deforestation

15. Transition to energy systems with minimum pollutant effects
16. Systemic use of resources

17. Generating clean energy

Compiled from (Kates et al., 2005, p. 14; Mahdei et al., 2015, p. 14651)
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English summary

Introduction

Humanity is facing major challenges, including climate change, inequality, poverty, conflict, lack of access to
shelter, water, food and nutrition, medication, and sanitation. Addressing these challenges requires concerted
efforts of diverse stakeholders from different contexts. In the scientific literature, these challenges are
identified as sustainability issues (Katundu, 2019; Rieckmann, 2012; Wiek et al., 2011).

Similarly, major international organizations such as the United Nations identify these problems as global
sustainability challenges and put in place international strategic frameworks to address them. Preparation of
the UN sustainable development goals (SDGs) is an important case in point. The SDGs comprise 17 goals and
their 169 targets, which address social, environmental, and economic issues. The goals are intended to be
achieved by 2030 (United Nations, 2015). Another major international initiative intended to prevent climate
change is the Paris Agreement, which aims at keeping global warming below 2°C.

Recent reports on the progress of the SDGs and the Paris Agreement indicate that the world is not on track to
achieve these important global initiatives by the intended time (United Nations, 2020; United Nations
Environment Programme, 2020). These progress reports indicate that much more remains to be done by all
stakeholders to move toward a more sustainable future.

Studies in the sustainable development literature and international initiatives such as the SDGs recognize the
importance of certain competencies in facilitating efforts toward a future where the social, environmental, and
economic needs of current and future generations could be met. These are sustainability competencies (SCs),
i.e,, integrated knowledge, skills, and attitudes. This dissertation addresses sustainable development from the
point of view of competence. Specifically, it focuses on identifying and enhancing the competencies that
individuals in corporations, academia, and governmental and non-governmental organizations need in order
to boost their contribution toward a more sustainable future.

In the SCs literature, several attempts have been made to identify competencies needed for change agents (i.e.,
people who initiate and facilitate progress toward a more sustainable future) to effectively contribute to
sustainable development. However, most of the studies on the identification and fostering of SCs take Western
worldviews and contexts for granted. Therefore, it is unclear if a base of the pyramid context would require a
different set of competencies (Rieckmann, 2012; Sterling et al., 2017). This context refers to mainly developing
countries with certain socioeconomic characteristics including low per capita income, limited infrastructure,
and rural population. This limitation of excluding other perspectives such as indigenous knowledge (IK) is
also observed in major global initiatives, for instance, during the preparation of the SDGs (Cummings et al.,
2018). This limits the potential contributions of non-Western worldviews, IK, and pedagogies to sustainability.

Equipping higher education students, future sustainability change agents, with SCs helps in facilitating
positive changes toward a more sustainable world. The role of education in preparing sustainability change
agents is recognized. As a result of this recognition and in response to the pressing global sustainability
challenges, an increasing number of sustainability-related programs are emerging in higher education
systems of different countries (Brundiers et al., 2020; Salovaara et al., 2020; Wiek et al., 2011).

Among the competencies relevant to sustainability is systems thinking competence. This competence
facilitates the understanding of the interrelationships among the social, environmental, and economic
dimensions of sustainable development.
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Innovative learning approaches relevant in fostering SCs of students have been studied. However, there has
been limited research into the contributions of multiple learning approaches and authentic environments in
fostering systems thinking competence.

To address the gaps discussed above, this dissertation conducted empirical studies that built on the literature
dominated by Western contexts and complimented this with IK and experiences from a non-Western context,
Ethiopia. The dissertation has two major objectives: identifying SCs for a base of the pyramid context and
exploring the means of fostering SCs. To achieve these objectives, the following research questions were
specified:

1. What sustainability competencies are required for a base of the pyramid (in this case Ethiopian)
context to contribute toward a more sustainable world?

1.1 To what extent are the sustainability competencies identified in non- base of the pyramid
contexts relevant in a base of the pyramid context as well?

1.2 What competencies are relevant for sustainability professionals in a base of the pyramid
context?

2. How can relevant sustainability competencies be fostered in higher education students, as future
sustainability change agents?

2.1 What indigenous knowledge can be utilized to enhance the sustainability competencies of
higher education students?

2.2 How can indigenous knowledge be included in modern higher education systems to
enhance sustainability competencies?

2.3 What learning approaches foster sustainability competencies in higher education?

2.4 To what extent does the use of a combined set of learning strategies, (i.e., collaborative

learning, field trips, mobile learning/paper-and-pencil approach) in an authentic context enable
fostering systems thinking competence?

Main findings

Using a Delphi study, Chapter 2 answered the first research question by focusing on what SCs are required
in the Ethiopian context. In this study, a SCs framework was prepared by using Heiskanen et al. (2016), Osagie
et al. (2014), Roorda (2013), and Wiek et al. (2011) as a starting

point. This SCs framework comprised seven SCs:
1. Systems thinking competence

Disciplinary competence

Interpersonal competence

Action competence

Anticipatory competence

Strategic competence

A A

Normative competence
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The relevance of these SCs to sustainability change agents in the Ethiopian context was rated by Ethiopian
sustainability experts from academia and the industry. The findings of this Delphi study indicated that the
seven SCs are relevant to the Ethiopian context.
Furthermore, the experts suggested the following eight additional SCs for the Ethiopian context:
1. Transdisciplinary competence
Flexibility and continuous learning competence
Communication and information acquiring competence
Stakeholder and policy coordination competence
Resource utilization competence
Social justice and inclusion competence

Competence to balance sustainable development dimension

® N gl »Dd

Competence to utilize indigenous resources

In total, 15 SCs were identified as relevant to the Ethiopian context. Among these, systems thinking
competence and transdisciplinary competence gained the highest ratings.

The study in Chapter 2 adds to the SCs literature by showing which SCs are relevant to a BoP context, where
there is limited research. Furthermore, the findings indicated the possibility that some SCs could be
universally relevant regardless of social and economic characteristics of different contexts.

Chapters 3 and 4 addressed the second research question and its sub-questions, which focus on how to foster
SCs of future sustainability change agents.

In Chapter 3, a qualitative study was conducted in Ethiopia by involving people with expertise in sustainable
development and education. The chapter focused on how to foster SCs and answered the second research
question and sub-questions 2.1-2.3. In this chapter, the potential contributions of using IK in combination with
the modern education in Ethiopia were explored. The chapter investigated what IK can be used and how it
can be included in modern higher education systems to develop SCs of learners. The chapter also examined
the learning approaches and environments required to enhance the effectiveness and relevance of the
Western-style/ modern higher education system to develop SCs of learners.

The findings indicate that for an education system to succeed in preparing future sustainability change agents
by fostering their SCs and to enhance effectiveness and relevance, it is crucial to value and utilize the IK and
diverse worldviews of the societies where the learning happens. Participants in the study emphasized that an
education system that ignores the worldviews and the priorities of a given context has little relevance.

The findings in Chapter 3 indicate that the modern education system in Ethiopia was imported without
adequately contextualizing it to Ethiopian worldviews and IK in different societies in the country. This created
an education-reality gap, where what students learn in schools is hardly related to the reality in their
environments. Taking lessons from the IK and indigenous education systems in different communities are
suggested to enhance the relevance of the modern education system. Specifically, the strong features of the
indigenous education system of the Ethiopian Orthodox Tewahedo Church were recommended. These
features include collaborative learning/peer support, respecting and utilizing local languages, content, and
scholars. In addition, the importance of utilizing content from IK of different communities such as the holistic
and indigenous natural resource management competence of the Konso people was emphasized.
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The findings in Chapter 3 indicate that in the modern education system of Ethiopia, learning is mainly
characterized as being confined to classrooms with limited connection to societies and dominated by lectures.
These situations limit learners” opportunities to meaningfully engage in the learning process. To deal with
these limitations, it is crucial to have learning approaches that enable collaboration and provide opportunities
for learners to meaningfully engage in the knowledge construction process and to extend learning to society.

Furthermore, to take advantage of IK and education systems in Ethiopia, five education design principles
were suggested: define worldviews, utilize indigenous knowledge, use sustainability-oriented pedagogies,
engage learners, and build on students’ experiences. The findings suggest that these design principles
facilitate the inclusion of IK in the modern higher education system and enhance the relevance of the
education system in fostering SCs.

Building on the results of Chapters 2 and 3, Chapter 4 addressed research question 2, sub-question 2.4. Using
an exploratory experimental study, the chapter investigated the contributions of multiple learning approaches
in a real-world environment to fostering systems thinking competence of learners. Graduating class bachelor’s
students in the Department of Geography and Environmental Studies at Addis Ababa University, Ethiopia
participated in this study. As an intervention, field trips and collaborative learning were used in combination
with mobile learning for one group, and paper-and-pencil note taking for another. The intervention provided
participants with the opportunity to meaningfully engage in the learning process. The combined use of these
learning approaches in a real-world context helped to foster the systems thinking competence of participants
in both groups. In addition, the findings showed that real-world contexts facilitate collaboration with peers.
This helped in enhancing learners” appreciation of the complex interrelationship among social, environmental,
and economic systems.

Theoretical contributions

Sustainability competencies framework

The findings of this dissertation contribute to theoretical discourses on sustainable development, competence,
SCs, education for sustainable development, and IK.

Sterling et al. (2017) indicated that studies in the SCs literature are rare in the context of the global south. The
SCs literature is dominated by Eurocentric discourses and studies into SCs in the context of the global south
are rare (Rieckmann, 2012).

The study in Chapter 2 identified SCs that are relevant to a base of the pyramid context, an environment with
different socioeconomic features than that of Western contexts. Hence, this dissertation extends the SCs
literature by exploring competencies from point of view of the context-specificity feature of competence. The
findings of Chapter 2 indicated the possibility that some SCs could be universally relevant, regardless of social
and economic differences in socioeconomic features of different contexts. Furthermore, as competence is
considered to be context-specific, this finding has an implication for competence theory.

Education for sustainable development and fostering sustainability competencies

The findings of the studies presented in Chapters 3 and 4 have theoretical implications for IK, sustainability,
and education for sustainable development. The findings of the study described in Chapter 3 indicate that
modern education can benefit from including relevant content of IK from different communities in Ethiopia,
for instance, the natural resource conservation and indigenous ecological knowledge. These findings
strengthen the IK and sustainability-related literature that recognizes the potential of IK in the aforementioned
areas (Berkes et al., 2000; Boiral et al., 2020; Guerrero-Gatica et al., 2020; Rist et al., 2010). Furthermore, the
findings suggest that to enhance the relevance and effectiveness of education for sustainable development,
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valuing and utilizing languages, content, and scholars from the local environment can be learned from the
features of the indigenous Ethiopian Orthodox Tewahedo Church education system. As such, the findings
add to the IK and education for sustainable development discourse by suggesting more pluralistic approaches
in which diverse worldviews are embraced and utilized to enhance the SCs of learners. These findings confirm
propositions by previous studies that it is important to use diverse worldviews in the endeavor toward a more
sustainable world (Reed et al., 2007; Van Opstal & Hugé, 2013). The study in Chapter 3 proposes possible
means of using IK in combination with modern education aimed at developing SCs of students. Identifying
the means of incorporating elements of IK in modern education facilitates utilization of the former. IK is
recognized to be holistic as compared to Western/modern education which is described as reductionist
(Haigh, 2005; Johnson, 1992; Kaya & Seleti, 2014).

The study in Chapter 4 explored the contributions of the combined use of field trips, mobile learning,
collaborative learning, and paper-and-pencil note taking in authentic environments in fostering systems
thinking competence. The findings indicate that the above learning approaches and the real-world
environment facilitate the meaningful engagement of learners and contribute to enhancing learners’ systems
thinking competence. Such approaches create enabling environment for collaboration and collective solutions
to pressing global sustainability challenges. These findings extend the constructivist learning literature in the
context of developing SCs by calling for the simultaneous use of a combination of innovative learning
approaches in real-world environments. The findings also have implications for the systems thinking
discourse by indicating the learning approaches and environments that help to enhance this competence.

Implications for policy and practice

In addition to the above theoretical implications, the findings of this dissertation contribute to policy and
practice in sustainable development and education areas. The dissertation is hoped to help relevant
stakeholders to realize the urgency of global sustainability issues. Specifically, the findings have implications
for the SDGs, for education and training in sustainable development, the role of stakeholders including
policymakers, teachers, and students.

The SCs identified in this dissertation may serve as a starting point in designing education and training in
sustainability. The SCs may serve as intended learning outcomes of education and training and development
programs for sustainability.

Regarding the SDGs, reports indicate that the world is not on track to achieving these global goals. Among
the different factors for this unsatisfactory performance could be the underperformance of the education
sector. If this sector is to contribute to a more sustainable future, focusing on the preparation of future
sustainability change agents by equipping all higher education students with SCs is crucial. This new focus
requires the higher education system to devise and implement several changes. Hence, policymakers and
other stakeholders should recognize the urgency of sustainability issues, the potential role of the education
sector, and make the necessary policy and implementation frameworks to create an enabling environment to
achieve national and global sustainability goals.

Among the policy and practice implications of the findings is the importance of carefully reviewing the
relevance of an education system to the worldviews and priorities of the society where the learning happens.
A relevant education system contributes to helping societies achieve their social, environmental, and
economic priorities. Such an education system contributes by producing people who are aware of the
priorities and equipped with the relevant skills, and attitude, i.e., sustainability change agents.
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The findings of the study in Chapter 3 suggest the importance of utilizing IK to develop SCs of learners. The
use of IK also helps in perpetuating IK-related practices. Furthermore, the recognition of IK has a positive
psychological contribution to the respective communities as their local languages, content, and scholars are
valued and utilized.

However, the successful integration of IK and modern education requires anticipating and preparing for
possible challenges. The assumption that IK is less important than the dominant Western/modern education
is one of the challenges that hinder institutionalizing and utilizing IK. Therefore, the readiness of sustainable
development and education stakeholders to challenge such assumptions and embrace IK is an important
factor if an education system is to benefit from IK.

The thesis proposes possible ways of addressing these challenges and integrating IK and modern education
to enhance the relevance and effectiveness of education in enhancing the SCs of learners.

Limitations and suggestions for future research

The findings of the studies in this dissertation are intended to contribute to the efforts of addressing major
global challenges such as climate change, inequality, and poverty. However, there are several limitations in
the studies. The dissertation pinpoints and discusses the limitations to indicate what future studies could
address and how they may complement the findings of this dissertation. Hence, this section discusses the
limitations of the studies related to the identification and fostering of SCs.

Chapter 2 identified SCs required for the Ethiopian context. In this study, experts who are familiar with the
context and who have expertise in sustainable development participated. The nature of the study in this
chapter does not lend itself to the generalization of the findings to other contexts beyond the Ethiopian context.
Further research involving multiple countries is required to come up with SCs that are relevant in different
contexts. Yet, as the SCs taken from mainly Western contexts were found to be relevant to the Ethiopian
context, the findings indicate the possibility of a wider relevance of some SCs. Further research in multiple
countries with different socioeconomic features is recommended to determine whether (or which) SCs have
universal/wider relevance.

In Chapter 3, which explored the contributions of identifying and integrating IK in modern education focusing
on sustainability, the IK and education systems were not directly studied. The study depended on the inputs
from participants in the study (i.e., people with expertise in the fields of modern education and sustainability).
To address this limitation, future studies that examine IK and sustainable development by directly involving
experts in the Ethiopian indigenous education system and IK are recommended.

Chapter 4 explored the contributions of a combination of multiple innovative learning approaches in fostering
systems thinking competence of learners. Only 36 students of the Bachelor of Arts program in Geography and
Environmental Studies at Addis Ababa University, in Ethiopia, participated in the study. Hence, the results
cannot be concluded about all fields at the University. As students of all fields should be prepared to become
future sustainability change agents, future studies that include students from multiple disciplines are
recommended.

To conclude, sustainability challenges are complex. The collaboration of several stakeholders and the use of
diverse worldviews are required to address them. Identifying and fostering SCs is important to facilitate the
decisions and actions of different professionals to promote sustainability. The studies in this dissertation
identified 15 SCs for the Ethiopian context. Enhancing SCs of higher education students, future sustainability
change agents, is crucial to help them to play their role toward a more sustainable future. In this regard,
improvements of modern education systems and integration of IK are recommended in this dissertation.
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Nederlandse samenvatting

Introductie

De mensheid staat voor veel en veelomvattende uitdagingen. Voorbeelden daarvan zijn klimaatverandering,
ongelijkheid, armoede, conflicten en gebrek aan onderdak, water, voedsel, voedingsstoffen, medicijnen en
sanitaire voorzieningen. Het werken aan oplossingen voor deze uitdagingen vraagt om de inzet van diverse
groepen stakeholders met verschillende achtergronden. In de wetenschappelijke literatuur worden deze
uitdagingen wel duurzaamheidsvraagstukken genoemd (Katundu, 2019; Rieckmann, 2012; Wiek et al., 2011).

Ook grote, internationale organisaties, zoals de Verenigde Naties (VN), wijzen op bovenstaande wereldwijde
uitdagingen. Derhalve ontwikkelen zij internationale strategische raamwerken om deze uitdagingen te
adresseren. Zo heeft de VN de duurzame ontwikkelingsdoelen, ofwel de Sustainable Development Goals
(SDGs) opgesteld. Deze SDGs omvatten 17 doelen en 169 doelstellingen, die gaan over zowel sociale,
omgevingsgerichte en economische vraagstukken. Vastgesteld is dat de doelen in 2030 moeten zijn bereikt
(United Nations, 2015). Een andere internationale uitdaging betreft de klimaatverandering. In dat kader is het
klimaatakkoord van Parijs opgesteld. Volgens dit akkoord mag de aarde niet meer dan 2°C opwarmen.

Recente onderzoeksrapporten tonen echter aan dat noch de voortgang van de SDGs, noch het klimaatakkoord
van Parijs, op schema liggen om de gestelde doelen op tijd te halen (United Nations, 2020; United Nations
Environment Programme, 2020). Deze rapporten laten zien dat alle stakeholders harder moeten werken om
de doelstellingen te halen, ofwel een meer duurzame toekomst te realiseren.

Zowel in wetenschappelijk onderzoek als internationale initiatieven op het gebied van duurzame
ontwikkeling, zoals de SDG’s, wordt het belang van het hebben van bepaalde individuele competenties
onderkend. Deze competenties faciliteren de inzet van mensen om te leren omgaan met genoemde sociale,
omgevingsgerichte en economische vraagstukken van de huidige en toekomstige generaties. Dit zijn
zogenaamde duurzaamheidscompetenties (DCs), waarbij een competentie wordt gezien als een integratie van
kennis, vaardigheden en houding. Dit proefschrift benadert duurzame ontwikkeling vanuit het oogpunt van
competenties en focust derhalve op het identificeren en ontwikkelen van duurzaamheidscompetenties die
individuen in bedrijven, wetenschap, overheid en non-gouvernementele organisaties (NGO’s) moeten
bezitten om te kunnen bijdragen aan duurzame ontwikkeling.

In de literatuur zijn voor zogenaamde change agents verschillende lijsten met DCs ontwikkeld. Met change
agents worden mensen bedoeld die initiatieven nemen en voortgang realiseren als het gaat om duurzame
ontwikkeling. Echter, de meeste studies over DCs hebben een Westerse oriéntatie. Derhalve is het onduidelijk
in hoeverre landen aan de onderkant van de inkomenspyramide andere competenties vereisen (Rieckmann,
2012; Sterling et al., 2017). De onderkant van de inkomenspyramide verwijst naar landen met bepaalde socio-
economische kenmerken, zoals een laag inkomen per inwoner, een beperkte infrastructuur en een relatief
hoog percentage van de bevolking dat in rurale gebieden woont. Verder schieten genoemde internationale
raamwerken, zoals de SDGs, vaak te kort als het gaat om het opnemen inheemse kennis (IK) (Cummings et
al., 2018). Dit beperkt de potentiéle bijdrage van niet-Westerse oriéntaties, IK en duurzaamheidspedagogiek
aan de discussie over DCs.

Studenten in het hoger onderwijs (HO), ofwel de toekomstige change agents, kunnen helpen om stappen te
zetten naar een meer duurzame ontwikkeling als zij DCs ontwikkelen. Onderwijs speelt een belangrijke rol
bij het ontwikkelen van deze change agents. In navolging van deze constatering en als reactie op de huidige
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wereldwijde  duurzaamheidsuitdagingen, is in verschillende landen een groeiend aantal
duurzaamheidsgerelateerde programma’s ontstaan in het HO (Brundiers et al., 2020; Salovaara et al., 2020;
Wiek et al., 2011).

Een van de competenties die belangrijk is voor duurzame ontwikkeling is ‘systeemdenken’. Deze competentie
faciliteert het begrip van de complexe relaties tussen de sociale, omgevingsgerichte en economische dimensies
van duurzame ontwikkeling.

Innovatieve leerbenaderingen zijn bestudeerd die zijn gericht op het ontwikkelen van DCs. Echter, er is slechts
in beperkte mate aandacht voor in hoeverre deze leerbenaderingen, waaronder authentieke leeromgevingen
ook daadwerkelijk systeemdenken bevorderen.

Om de leemtes, zoals hierboven beschreven, te adresseren, bevat deze dissertatie empirische studies die
voortbouwen op de Westerse georiénteerde literatuur, aangevuld met IK en ervaringen uit een niet-Westerse
context, namelijk Ethiopié. De dissertatie heeft twee belangrijke doelen: ten eerste het identificeren van DCs
voor een land aan de onderkant van de inkomenspyramide en ten tweede verkennen hoe deze competenties
het beste kunnen worden ontwikkelen. Om deze doelen te bereiken, staan de volgende onderzoeksvragen
centraal in deze dissertatie:

3. Welke duurzaamheidscompetenties zijn vereist in een land aan de onderkant van de
inkomenspyramide (in dit geval Ethiopié) om bij te dragen aan een duurzamere wereld?

3.1 In hoeverre zijn de duurzaamheidscompetenties, zoals vastgesteld in Westers georiénteerd
onderzoeken ook relevant voor landen aan de onderkant van de inkomenspyramide?

3.2 Welke specifiek duurzaamheidscompetenties zijn relevant voor duurzaamheidsprofessionals
in landen aan de onderkant van de inkomenspyramide?

4. Hoe kunnen studenten, de toekomstige change agents, relevante duurzaamheidscompetenties
ontwikkelen?

41 Welke inheemse kennis kan worden benut om studenten in het hoger onderwijs
duurzaamheidscompetenties te laten ontwikkelen?

4.2 Hoe kan inheemse kennis worden opgenomen in het moderne hogere onderwijssysteem om
duurzaamheidscompetenties te bevorderen?

4.3 Welke leerbenaderingen bevorderen duurzaamheidscompetenties in het hoger onderwijs?

4.4 In welke mate ondersteunt een combinatie van leerstrategieén (zoals samenwerkend leren,
excursies, leren m.b.v. mobiele telefoons en/of pen-en-papier) in een authentieke context de
ontwikkeling van de competentie ‘systeemdenken’?
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Belangrijkste resultaten

In Hoofdstuk 2 is met behulp van een Delphi-studie antwoord gegeven op de eerste onderzoeksvraag die gaat
over welke duurzaamheidscompetenties belangrijk voor change agents zijn in de context van Ethiopi€. Een
eerste stap in deze studie is de ontwikkeling van een raamwerk voor DCs en dit is gedaan met behulp van
Heiskanen et al. (2016), Osagie et al. (2014), Roorda (2013), and Wiek et al. (2011). Dit raamwerk omvat zeven
DCs:

Systeemdenken

Disciplinaire competentie
Interpersoonlijke competentie
Actie-competentie
Anticiperen

Strategische competentie

NS g Ny

Normatieve competentie

Door middel van Ethiopische duurzaamheidsexperts vanuit zowel de wetenschap als de industrie is de mate
van relevantie van deze competenties voor change agents in de Ethiopische context bepaald. De resultaten van
de Delphi-studie laten zien dat de zeven genoemde competenties relevant zijn in de Ethiopische context. In
aanvulling daarop stelden de experts acht DCs voor die specifiek zijn voor de Ethiopische context op het
gebied van:

Transdisciplinariteit

Flexibiliteit en continu leren

Communicatie en het verkrijgen van informatie
Stakeholder- en beleidscodrdinatie
Bronnengebruik

Sociale gelijkheid en inclusie

Balanceren tussen de duurzaamheidsdimensies

® N @ kD=

Inheemse bronnen benutten.

In totaal zijn er 15 DCs vastgesteld die relevant zijn voor de Ethiopische context. Van deze competenties zijn
systeemdenken en transdisciplinariteit door de experts aangemerkt als de meest belangrijke.

De studie zoals beschreven in Hoofdstuk 2 laat zien welke DCs relevant zijn voor een land aan de onderkant
van de inkomenspyramide. In dergelijke landen vindt over het algemeen maar weinig onderzoek plaats.
Bovendien laat Hoofstuk 2 zien dat er universele DCs zijn. Ongeacht de sociale en economische kenmerken
van een land zijn er DCs die overal van belang zijn.

Hoofdstuk 3 en 4 gaan in op de tweede onderzoeksvraag, inclusief de bijbehorende subvragen. Deze
hoofdstukken richten zich op de vraag hoe toekomstige duurzame change agents DCs kunnen ontwikkelen.

Hoofdstuk 3 beschrijft een kwalitatieve studie met Ethiopische experts op het gebied van duurzame
ontwikkeling en onderwijs. Dit hoofdstuk richt zich op de ontwikkeling van DCs en geeft antwoord op de
tweede onderzoeksvraag en de subvragen 2.1-2.3. In dit hoofdstuk wordt de potentiéle waarde van IK in
combinatie met modern onderwijs in Ethiopié verkend; het gaat in op welke IK kan worden gebruikt en hoe
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het kan worden geintegreerd in het moderne hogere onderwijssysteem om DCs bij studenten te ontwikkelen.
Verder verkent dit hoofdstuk leerbenaderingen en leeromgevingen die nodig zijn om de effectiviteit van DC-
ontwikkeling bij studenten in een Westers georiénteerde/moderne hoger onderwijs systeem te vergroten.

De resultaten van Hoofdstuk 3 laten zien dat het voor een onderwijssysteem dat toekomstige duurzame change
agents op een effectieve en relevante manier wil opleiden, cruciaal is om IK en de diversiteit aan wereldbeelden
op waarde te schatten en te gebruiken. De deelnemers aan de studie benadrukken dat een onderwijssysteem
dat de wereldbeelden en de contextuele prioriteiten niet meeneemt, heel weinig relevantie heeft.

Verder laten de resultaten van Hoofdstuk 3 zien dat het moderne onderwijssysteem is geimporteerd in
Ethiopié, zonder dat het adequaat is gecontextualiseerd naar de relevante wereldbeelden en IK in de diverse
Ethiopische gemeenschappen. Dit creéert een afstand tussen het onderwijs en de realiteit. Dat wat studenten
leren in school is niet of nauwelijks verbonden met de realiteit in hun omgeving. Op basis van de lessen van
IK en inheemse onderwijssystemen in de verschillende gemeenschappen, wordt gesuggereerd om de
relevantie van het moderne onderwijssysteem te vergroten. Vooral de sterke kenmerken van de Ethiopische
Orthodoxe Tewahedo Kerk worden aanbevolen. Deze kenmerken omvatten samenwerkend leren/peer
support en het respecteren en gebruiken van de lokale taal, kennis en onderzoekers. Om het belang van de
lokale gemeenschap te benadrukken wordt het voorbeeld van de Konso-gemeenschap genoemd. Deze
gemeenschap heeft waardevolle holistische en inheemse competenties op het gebied van natuurbeheer, die
nu niet of nauwelijks in moderne onderwijsprogramma’s aan bod komen.

Het huidige moderne onderwijssysteem in Ethiopié bestaat voornamelijk uit klassikaal en frontaal onderwijs
met weinig verbinding met de samenleving. Dit beperkt de studenten in hun kansen om betrokken te zijn in
betekenisvolle leerprocessen. Om deze kansen te vergroten, is het cruciaal dat studenten gaan samenwerken
met de lokale gemeenschappen om op deze manier betrokken te raken bij betekenisvolle kennisconstructie en
z0 hun leren te verbreden naar en verbinden met de samenleving.

Bovendien moet het moderne hoger onderwijssysteem de IK en onderwijssystemen in Ethiopié beter
benutten. Derhalve zijn vijf onderwijsontwerpprincipes geformuleerd: 1) benoem de wereldbeelden, 2)
gebruik inheemse kennis (IK), 3) gebruik een pedagogiek die gebaseerd is op duurzaamheid, 4) betrek
studenten bij de ontwikkeling en 5) bouw voort op de ervaring van studenten. De resultaten laten zien dat de
ontwerpprincipes de inclusie van IK faciliteren en de relevantie van het onderwijssysteem om DCs te
ontwikkelen, vergroten.

Voortbouwend op de resultaten van Hoofdstuk 2 en 3, komt in Hoofdstuk 4 onderzoeksvraag 2 en subvraag
2.4 aan de orde. In dit hoofdstuk is met behulp van een experiment onderzocht welke leeractiviteiten in een
authentieke context goed werken als het gaat om het ontwikkelen van de competentie ‘systeemdenken’ bij
studenten. Derdejaars BSc studenten van de afdeling Geografie en Omgevingswetenschappen van Addis
Ababa Universiteit uit Ethiopié namen deel aan de studie. De interventie bestond uit een excursie in
combinatie met samenwerkend leren. Een groep van studenten maakte gebruik van mobiele telefoons, de
andere groep werkte met pen en papier. De interventie stelde de studenten in staat om betrokken te zijn in
een betekenisvol leerproces. De combinatie van leeractiviteiten in een authentieke context ondersteunt de
ontwikkeling van systeemdenken bij studenten, zowel in de groep die werkte met mobiele telefoons als de
groep die werkte met pen en papier. De authentieke leeromgeving maakte dat de studenten meer gingen
samenwerken. Dit versterkte vervolgens de erkenning van de complexe relaties tussen sociale, omgeving- en
economische systemen.
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Theoretische bijdrage

Raamwerk voor duurzaamheidscompetenties

De resultaten van het onderzoek in dit proefschrift dragen bij aan het theoretische debat over duurzame
ontwikkeling, competenties in het algemeen, DCs in het bijzonder en de rol van IK.

Sterling et al. (2017) geven aan dat er een schaarste is aan studies over DCs in ontwikkelende economieén. Het
debat over DCs wordt gedomineerd door Westerse of Eurocentrische studies (Rieckmann, 2012).

Hoofdstuk 2 identificeert DCs die relevant zijn voor landen aan de onderkant van de inkomenspyramide
ofwel landen waar andere socio-economische kenmerken gelden dan in de Westerse context. Dit proefschrift
vult de literatuur over DCs aan met het verkennen van de mate van context-specificiteit van competenties. De
resultaten zoals gepresenteerd in Hoofdstuk 2 laten zien dat er DCs zijn die universeel zijn, ongeacht de
sociale of economische verschillen tussen contexten. Aangezien competenties worden gezien als context
afhankelijk, heeft deze bevinding ook implicaties voor de competentietheorie.

Onderwijs voor duurzame ontwikkeling en het ontwikkelen van DCs

De resultaten uit Hoofdstuk 3 en 4 hebben implicaties voor de kennis over IK, duurzaamheid en onderwijs
voor duurzame ontwikkeling. De resultaten laten zien dat modern onderwijs kan profiteren van de IK van de
verschillende lokale gemeenschappen in Ethiopi€. Zoals het voorbeeld van de kennis over natuurbeheer en
inheemse ecologische kennis. Deze resultaten bevestigen de opvattingen in de duurzaamheidsliteratuur die
erkennen dat IK invloed heeft op duurzame ontwikkeling (Berkes et al., 2000; Boiral et al., 2020; Guerrero-
Gatica et al., 2020; Rist et al., 2010). Bovendien suggereren de resultaten dat om de relevantie en de effectiviteit
van educatie voor duurzame ontwikkeling te vergroten, het waarderen en benutten van de lokale talen, kennis
en onderzoekers goed kan worden geleerd van het onderwijssysteem van de inheemse Ethiopische Orthodoxe
Tewahedo Kerk. Als zodanig verrijken de resultaten het discours over IK en educatie voor duurzame
ontwikkeling door te suggereren dat competentie-ontwikkeling wordt versterkt door het omarmen van
pluralistische benaderingen waarin ruimte is voor diverse wereldbeelden. Deze bevindingen bevestigen
eerdere onderzoeken dat het belangrijk is om wereldbeelden de ruimte te geven als het gaat om educatie voor
duurzame ontwikkeling (Reed et al., 2007; Van Opstal & Huggé, 2013). Hoofdstuk 3 gaat verder in op manieren
om IK te integreren in het moderne onderwijssysteem om DCs te ontwikkelen. Het laat zien dat als elementen
van IK worden geintegreerd in het moderne onderwijssysteem, het gebruik van IK wordt versterkt. In
tegenstelling tot Westers of modern onderwijs wat veelal wordt gezien als reductionistisch, wordt IK gezien
als holistisch (Haigh, 2005; Johnson, 1992; Kaya & Seleti, 2014).

In Hoofdstuk 4 is verkend in hoeverre de combinatie van samenwerkend leren, excursies, leren m.b.v. mobiele
telefoons of pen en papier in authentieke contexten, bijdraagt aan de ontwikkeling van systeemdenken. De
resultaten laten zien dat de combinatie van de genoemde leeractiviteiten in de authentieke omgeving
betekenisvol leren bevordert en derhalve de ontwikkeling van de competentie systeemdenken. Deze
combinatie van leeractiviteiten creert een omgeving waarin studenten worden aangemoedigd om samen te
werken aan oplossingen voor belangrijke duurzaamheidsuitdagingen. Deze resultaten bouwen de literatuur
over het constructivisme en leren voor duurzame ontwikkeling verder uit door het belang te benadrukken
dat innovatieve leeractiviteiten in combinatie met authentieke omgevingen bijdragen aan de ontwikkeling
van systeemdenken. De resultaten hebben ook implicaties voor de discours omtrent systeemdenken, door te
laten zien welke combinatie van leeractiviteiten werkt om deze competentie te ontwikkelen.
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Implicaties voor beleid en praktijk

Naast theoretische implicaties, hebben de resultaten van dit proefschrift ook implicaties voor beleid en
praktijk als het gaat om educatie voor duurzame ontwikkeling. Met dit proefschrift wordt gehoopt dat
relevante  stakeholders zich bewust worden van de noodzaak van de wereldwijde
duurzaamheidsvraagstukken. In het bijzonder hebben de resultaten implicaties voor de SDGs, voor onderwijs
voor en training in duurzame ontwikkeling en de rol van stakeholders waaronder beleidsmakers, docenten
en studenten.

De DCs zoals vastgesteld in dit proefschrift kunnen dienen als uitgangspunt voor de ontwikkeling van
onderwijs in en trainingen voor duurzame ontwikkeling. De DCs kunnen worden gebruikt als leerdoelen voor
programma’s die gericht zijn op duurzame ontwikkeling.

Voor wat betreft de SDGs en de constatering dat de wereld niet op schema ligt om de klimaatdoelstellingen
te behalen, is het onderwijs een belangrijke factor om deze presentaties te verbeteren. Onderwijs kan bijdragen
aan een meer duurzame toekomst als alle studenten worden opgeleid om hun rol als duurzame change agent
te vervullen. Dit vereist dat het hoger onderwijssysteem veranderingen doorvoert. Beleidsmakers en andere
stakeholders in en rond het hoger onderwijs moeten de urgentie van duurzame ontwikkeling onderkennen,
moeten zich bewust worden van de cruciale rol van het hoger onderwijs om bij te dragen aan deze uitdagingen
en het benodigde beleid opstellen om een omgeving te creéren waarin zowel nationale en wereldwijde
duurzaamheidsdoelstellingen kunnen worden bereikt.

Naast deze praktische en beleidsmatige implicaties, moeten worden bekeken hoeverre onderwijssystemen
ruimte laten voor de verschillende wereldbeelden en de prioriteiten die van belang zijn voor de lokale
gemeenschappen waarin het leren plaatsvindt. Een relevant onderwijssysteem draagt bij aan het helpen van
de (lokale) gemeenschap om hun sociale, omgevings- en economische doelen te behalen. Een dergelijk
onderwijssysteem leidt mensen op die zich bewust zijn van de lokale prioriteiten en rust hen uit met kennis,
vaardigheden en houdingen die een duurzame change agent nodig heeft.

De resultaten van Hoofdstuk 3 laten de belangrijke rol van IK zien als het gaat om het ontwikkelen van DCs.
Het gebruik van IK helpt om IK en inheemse praktijken te laten voortbestaan. Bovendien heeft het erkennen
van het nut van IK een positieve psychologische invloed op lokale gemeenschappen omdat zij zien dat hun
lokale taal, kennis en deskundigheid worden gewaardeerd en benut.

Desalniettemin, moet bij de integratie van IK in het moderne onderwijs rekening worden gehouden met
mogelijke uitdagingen. De stellige aanname dat IK minder belangrijk is dan de dominante Westerse of
moderne aanpak in het onderwijs, hindert de institutionalisatie en het gebruik van IK. Daarom is het
belangrijk dat stakeholders in het onderwijs voor duurzame ontwikkeling bereid zijn om dergelijke
assumpties te weerleggen en IK te omarmen; dan krijgt IK een eerlijke kans in het onderwijssysteem. Dit
proefschrift toont verschillende manieren om deze uitdagingen aan te gaan en IK te integreren in het moderne
hoger onderwijssysteem met als doel om de relevantie en effectiviteit van DC-ontwikkeling te vergroten.
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Beperkingen en aanbevelingen voor verder onderzoek

Dit proefschrift heeft de intentie om bij te dragen aan de wereldwijde duurzaamheidsuitdagingen zoals
klimaatverandering, ongelijkheid en armoede. Natuurlijk kent dit proefschrift zijn beperkingen. Deze sectie
beschrijft hoe deze beperkingen de resultaten van dit proefschrift bepalen en wat de adviezen zijn voor
toekomstig onderzoek.

In Hoofdstuk 2 zijn de DCs voor de Ethiopische context vastgesteld. Deelnemers aan deze studie waren
experts die bekend zijn met de Ethiopische context en/of die expertise hebben op het gebied van duurzame
ontwikkeling. De opzet van deze studie leent zich er echter niet voor dat de resultaten kunnen worden
gegeneraliseerd naar andere contexten dan de Ethiopische. Verder onderzoek waarin meerdere landen
worden betrokken is nodig om vast te stellen welke DCs relevant zijn voor andere of meerdere contexten. De
overwegend Westerse DCs blijken ook relevant voor de Ethiopische context en derhalve mag worden
verwacht dat deze relevant zijn voor een bredere context dan Ethiopié. Echter, aanbevolen wordt om verder
onderzoek te doen in landen met verschillende socio-economische kenmerken om vast te stellen of, en zo ja
welke, DCs universeel zijn of in ieder geval relevant zijn in meerdere contexten.

In Hoofdstuk 3 waarin de bijdrage van het identificeren en integreren van IK in modern hoger onderwijs is
verkend, zijn IK en het onderwijssysteem zelf niet bestudeerd. De studie leunt op de inbreng van de
deelnemers aan het onderzoek. Deze deelnemers hebben expertise op het gebied van modern onderwijs en
onderwijs voor duurzame ontwikkeling. Voor toekomstige studies is het aan te bevelen om experts te
betrekken op het gebied van IK en Ethiopische inheemse onderwijssystemen.

Hoofdstuk 4 gaat in op de bijdrage die een combinatie van innovatieve leeractiviteiten kan leveren aan de
ontwikkeling van de competentie systeemdenken. Slechts 36 studenten van de BSc Geografie en
Omgevingswetenschappen van de Addis Ababa Universiteit in Ethiopié namen deel aan deze studie. De
resultaten laten zich dan ook in beperkte mate generaliseren naar andere disciplines binnen de universiteit.
En aangezien het doel is dat alle studenten zich ontwikkelen tot duurzame change agents, is het aan te bevelen
dat toekomstige studies studenten includeren van verschillende disciplines.

Concluderend, duurzaamheidsuitdagingen zijn complex. Het werken aan deze uitdagingen vereist dat
verschillende stakeholders samenwerken en dat uiteenlopende wereldbeelden worden omarmd. Het
identificeren en ontwikkelen van DCs is belangrijk voor professionals om beslissingen en acties te kunnen
nemen die de duurzaamheid een stap verder brengen. De studies in dit proefschrift stelden 15 DCs vast, die
belangrijk zijn voor de hoger onderwijscontext in Ethiopié. Het ontwikkelen van deze DCs voor studenten in
het hoger onderwijs, de toekomstige duurzame change agents, is cruciaal om hen te helpen deze rol op zich te
nemen. Op basis hiervan wordt aanbevolen om het huidige moderne onderwijssysteem te verbeteren en IK
te integreren.
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MMPAL NAMCT

anepn,p

2Y mTF PANLD NIROLND-PIT NIROLND-PT Db PATT ATRRTFY NMIMAC HAG ATHFY ATILITM PORPNLAT
NEFY ALS MOPT MENC AL jO-:

PAM- AF NAPC TNLT AD-DT NANRATT dP3LAT NEUITT NI6eT ATE U9 NAPMALT NARMA M-YF N+ARMMY JooF
NARL LTS N1 1&AT MNEP AMT NNNE +a78C+F APTMA™T 10 ARIHU +18C T &Td ATINET NAR AR
PP HCERTT POALTT RLEPTF P+m-mm. NARCA ANAT P+$TE mlT PNLAIA= NARINE MTEHT JCICTF DAL
P+HZHSF PAM- AZY PIMA™F +918FTF PHAG AT 80T +LC710- +AL+PA (Katundu, 2019; Rieckmann, 2012; Wiek
etal, 2011)=

N+aRANG AN ATR+NNGF aRY i SCEF (P+ME) P PT PT IATR Ade ECEPTFI® ATHUT FICTF IAT® AbsP
PHA® ATYF TIEPF TFD NTAT +I8CFET ATRLE NTobE PR MOPETT 124 PA= NATLU ALTF MOPETF dPhhAT®
P+ PHAR ATt GINF +MPR TFD: 17 @AY PHAR A% NTF e+h++ENF P+a0e HIETF N@-AM- ANNNPP:
MINEPT oML UNFP D PEPFT PMAM 169 +HNd GATIPFY LHPA: FINE AL AD-CTM-P7 ASMML N2030 9.9°
£LNNFPA +NA®- P+1L4 TF@- (United Nations, 2015):: AAG» FAU PIAT® A& TOPE  PAPC TNLT AT
AGPNANA P+OARDNT PIAGR PapF AOMTY ARR,ARLT N2 8994 NFF ATR IR ATIRL PFATRD- 074N NIRIRYT J0-::

PHA® AT9F AINETT 720 NIRIRYEY AT P7aR7a™ PN 1H HINPF ATLT PARY 7T SATTFT ALY N+PHM- ANYE
NeMAF NFAND L0 N ATHUY INF AG9ANF PIRHTFANT 185 AL AREATI (United Nations, 2020; United
Nations Environment Programme, 2020): fh7M-7 HINPF ATLM PARAN|T MELT ML +AA HAG AT AGRE/ZA
NUAIR NALCA ANAT GPhGm7 PARINFO NH P2 PEPTF Ak

PHA® ATt MTPFT ATL AATR Ab& PHAR ATDF GINF P MLPF ATRM LATIHMFI PHAREYT POLLA+T Fa-AL
MNP ANNNLRT oM UNFPR &ATFT ATITAT PARRLIMT BLF ATINARD +AL+D- PR 3D ANGP NPT
MAF §F@: ATHY NSFT PHAG AT NSEF PN AU 0@$F+7F NUATIT ACRANNTT AbTE+D- PP GFM-:
2U M9t HA® AT NIHU NPFTF ATRC PARLARL, 1ar:: MG+ NHALIRT NFAAD P98 +2MFE NFIRUCT +Ba9Fs
Ny 3 PG G 4P NAPE SCEFT @AM PTAASG TANNT HAG ATYHT ATYZI7M PR PRCHHT ANTPRA NE
ATY L2 P PATFAF@T NPFT MAPHT ATHC TD-MTF AL Pthrddn

NHA® AT9F NP TTF PICCIPC HCE NCNF MTTTF AADM 45 MLPT (TIATI® AHAS ATHF P9, PHLAT YANTT

A PG ANNEIR PANTNNZTT MG AT M+ APT) ANLAL U NEFTT ATRART NChF MLFHT +RCTPA::
PPIRT PHAS ATYT NSFTT NADARTHT N RANT AL PHLLTF ANHETE MTETF PIROLNMLIT YKL+ FATR AT AL
mw/F N9/ P+we §F@m: NARPRIR 1ML AL NA U4+ AD-£ HAD ATYTT ATYZ 7% FROL- NP

N, PNLAFFD PN ALITT PHAR PNPT NNACT B4 MEIP ALHS AR ARLATR (Rieckmann, 2012; Sterling et
al, 2017):: NTMLeT AL PA Y1CF PT PT MINLPT 9°MY UNFP PIARPF AdhnA H$+EF AT FP PI&N MNE N, F
@AY PARW/t ATYF ARPE(C AT ANHE D PrhNZ+AMT AFA PIMC 1PL RUPF MR §FO: NTRYLNEP7 6O-$T P+AR
AL UIC NPA 04T PA AAT FEOTT 10N TLL79° PHA® ATHT INTF HIE+Y NARAAA PT PT GATD hb& PATYT
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O-FF AL PHNFPA O-NT1FF TF@-(Cummings et al, 2018): RUIR PROLN@-P7Y PALF 184+ SATIFT PUIC NP
O@-$+F AT PFIUCT ACHFTF AHA® AT PAT®T AT2P ANCHTT £7£NA=

PHAPEY PN&+T FIRUCT +TILPTF (PDLLT PHAR ATYF 45 MLPFT) NHAG ATIF NPFF MNFMP DL HAG ATIF
PaRLLIMT FH ATIEMT NAET SMPTA:: PHAG ATIE 4.6 LPFY NIHIE+ L.LT PHIRUCT T9G AA PIUNA ARLAT:
LUTT NN NALET AT ARTTNIN FATR Ae& PHAR ATIF +998C+F FPAR ACPAMTE NHIRUCT ACYFFE BN
PHA® ATt 2H®FT APN++ P B+APR UT4T Ph&+E HIRUCT +299% ML N1t ML 1H AP 1@ (Brundiers et
al,, 2020; Salovaara et al., 2020; Wiek et al., 2011)::

AHA® AT} @A hUPF NEFF AT8 ACYFR A+INCTT PaRlet Nt 1o 2U NPt PHAR ATIFT  @ANN
ANNNPPT @INGRE IoML UNFR HCRT FAACT ATIHNT PIANFA: PN&+E F9RUCT +TLPF 2UTT PARAK PHAR
ATt NS FFT A8 L8NG PTULE A8AN PHIPUCT APLdNT PR ATRUF AGRPART P+APR JRCIRCF +LCI1PA: LTS
PHA® ATIF HCRTFT ONNNN ACAFR A+INCT PARLET NETT ATISNCE NChAF PTIRUCT AdedNTIFT AMIRC
MM AT FIRUCTT NAGTR AL @AM (TWATIRT NARMLP A& O-¢h, N7Y8 YATRIATR) APA+E TN+amC
POFLMY 428 P ARG DTRTF @NT TFO

2UP MmTF PHALD NAR P+MeAtT NE+FTF NARA™AT 272 AN+PRA ATINCHT J0-: AHU FATY ANA NANHE D
NIPOLNE-PT ATRL AR +OD L+ P+ME PIPLIRC ReBFT ATL MRIA NARMALT 9PHLNP NAPE UTC NPA Oa-FTF
N+tALIR NATEE P ATRL IC NTIMARE P+L2T MGF 10 PHU MGF PT PT GATPT NG9L] AL PA YT HA% ATYTY
AT P PN AFTFDT NPT ALF TM@MT AT PAIHUT NEFF TMIANF HE&EPF oL+ TFM= ATHUT SATPF
ATIANT P NtAT PIRCTRC B PEPF +HIB+PA:-

5. RAPELT AMAX NT9L AL AN YICTF HAG ATYTT 992,77M P PATA FO- NS T PHEF TFM@-?
5.1 NNABT Y1CF AGr-£ HA® ATIHY ATIZITD +1N, §FD +NAD L0 N+N& FPCIRCT P+AR NS+
N2 AL AAT Y€ +euNepe U3 3PF PAT@® +INTT 927 PUA 10-?
52  NMELD AL AAT Y1C tenNeee U1 HAG ATITT ATIZITD ATLAG NAT™ PPF ANEATL PUF NPT PHET
TFMm-?
6. PHAPEY PN&+E FIOUCT +LPT (PMLLTEY PHAG ATHF 45 M1PT) PHAS ARt NS+T A1+ M8NC
2FAN?
6.1 Ph&+E TIRYCT +MLPTFT PHAG ATYF NP FF ATIRANT PFEFRT UTC NPA OD-+F COMPIR £ FAA?
6.2 PHA® ATYF NSFTT ATIRANT NHAGTP Ph&+d F9RUCT ACYF @AM PUIC NPd O@$T+7T ATL%T
mh+t L FAA?
6.3 PFPE PFICUCT AbLdNTF P&+E FIUCT +ILPFT PHAR ATIF 092 J760, NPFT ATIBNC PTHA?
64 NChg PAON+TRLE Abd-dNFT AMIRC AOMSID (MATIR NAR+NN(C ARARaq s PADAR F%+FF NHADGP
+7eAPA NANT aoaqage 138 9P NXU-& TAF®A PH) ANNNPPF T949NLPT oM UNFP PHAS
ATYF HCETT O-ANAN CA+INCT P87 N$TT ATRENC  9°Y PUA BMuF0) 10?7
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PT PG FEF

IROG& 2 &AL PHNAD-Y PIRCIRC HE, NAPMPIR PIRCIRC mPE 1'T LARAAA: LHM-IOT NATEX P +ebuNee Ui PHEF
PHAL ATHF @92 76k, NPFF ATRMLPNLAT FTF NTILLT aRAN APt NHU 5% Heiskanen et al. (2016) ‘¥, Osagie
et al. (2014) "7, Roorda (2013) "¥ A5 Wiek et al. (2011)"Y A7 @BIA NARMPIR PHAG ATRF: 92776k, NS TT MO+E
+HIE+A: 2U PHA® ATt d92, 9768, NSFTF MOP& 7 PHAG ATT NP +FF Phtt @ ATHUTD:-

1. PCYFP A+INCTFT PORLSE NPt (PANNNLRT MINGRT My UNFR 1S0FY @-ANAN TITFIHF
PARIIHA N )

NeY LATASE Nt (NALILTS. PA™P HCE N AHA® ATYH PO PAL AT NPT

NEIANS Nt (AHAG ATIF Pa PALAT +ATEPTIE FNNEFT PTIAAD Nt)

PaR4aNC Nt (AHAS AT9F PaRPNL AT +INGP ACITREPTFY PADM-NE RCMFTHE Nt

PoLaD- MAINL NSt (MLLT ATTA™ PR TA PHAG ATYF 1LE-F PADAINLE EFYPTT PAYATLT Nbt)
PAPL-T+ANC NST (AHAG ATHF PTRPALAT ACTPEPTET POb BT hEARTIFDT PR I7m S
PANFTNG NP+ (AHAG ATIF PaPNLAT AARANNSTY AT AL PFY PARARH Nt

N o vk wN

NATEE P +emnse st NAL PHHZHEGT PHAG AT NSBF AHAG ATIF PADD 4.5 MLPF PAFD- AINNTTT ANLALTT
NHA® AT9F h&+E NAT™PPF +aDHIPA: NATPPE NAFTEEP PHPUCT +E2MF ATS U NAAT I9m3Rq
@y F+P PAPE LCERT AT8UIR NTAAP P1998 ECERT NHAG ATIF JC +POHIT PATFD N&PFT NARNLT AL
P+tAMSG  §F@: PHU MTF 9% ANk PHAG AT ZJ76h, NPFTF ARTEXL Ui ANdAL MPTFDT AMRANLA:
NAT>PPE NANE NPT NHTET® ARFTEEP ANLAL PATFAT NIPTF PHAG ATDF d92I76h, NPT MeARPA:
ATHUT:-

. BATAT APE NPT (NTALR PA™PHCE NAYASG NATRLPTF IC HAG AT9FT ATYZITm +NNE PADALY N$T)

2. HO®Y PE NPT (PHAR ATHF FEPF N&MI1F PSP PP RUPTF®-T A7TIHNG $MLITF NAD- U13 ADMETY
Py MY PHRIOYCT HIEF PAL L] NPT)

3. P+aNNtT a0/E PARyTtg AR MR NT (NANN+E PHAG ATHF HORT O@-$T aNNF AT8U-9° NATIYNL-BT
ANNNPP +80-F aoZB PARANANS PAPMI° N $)

4. PERFYPIFT PANFTIT NSt (@UNSP &FTU AT ANFTITT AGIZITIM PHALR HFEFTT &A1FT AT ANTT
(POLLT TMALTT MIPC) PAOMPIRI DFFAY AT &FYP PUNT NEEAT PMNLe ATRUI® AARNNTT
NAAGR PaRg +F NPt)

5. PM$TEF NPT (HA® ATIFT ATIZITD NALCA ANATT AT8UR9° GATR k& U0 Ae&T ANNNLP 7AAPTY
PM$TEF NPT)

6. PUNT AmP$oe Nt (PRNT PAD- UNTTT BxMda3 NPT A9INN PARARLAT PARM$ID AT AHU- P9 Pt
+RPTY PMPC NTF)

7. ema@mMT Nt (PHAR AT9F FPANPT PRt ANNNPRT T49NLRT oM UNFR F8EF ALTT PARINFO-Y
Tt Pmaemmy Net)

8.  UIC N$A 6@+715 YNTT AHAG ATIF PAPMPID NSt §Fm-::

NAMPAL 15 PHA® ATYF @2 2780, NPT ARTEEL +enNer Bid ANAL TFa- +NAG: +AL+PA::
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NtRTILICT FROC& 2 NT9L9 AL NA YICT ATL NUPTTFO- NAFELP PHETE PHAG AT T2 J760, NP FF +TNT ANLAT
ATRUF ANREA= NAPUPHRIR HA®R ATHHY N ARANT @A RTFF NF AThTDENT NTILT AL AN YICTF AD-E +RTE
PIRCIPC M ANCHEA: AT8LIPT PHAPR YICTF AR AR MINLRT oMy UNFR NULPF NEFTF@-I° A18 T PHAG
AT A J760 NPPTF NAAT® he& 8LE +INT ANLAL AU ATRTTFA PRT+ 75T 760 AP

IROG& 3 AT 4 "PHLPET PN&+E FIRUCTH +TLPTF (PDLLTEY PHAG AT 49 M1LPTF) PHAG ATt NP FF AT TENC
LFAN?" PARA@ Y PIRCICC LR 2 AT 10N MPRPET MPANPA::

NIROL& 3 ATEEP @ND NHAG ATTT NFIRUCT HCE PAAMYE NAGRPPTFY PA+HL MAP MTH +NTMTA:: TPOL-4 PHAG

AT} 20760, NEETT MBANT PALFANT Y7L AL NO9+NC PIRCIRC M PE 25 10-N MPRPET La0AAA: NHU
Iooc-& NATEEL +ense i3 P+HTLPTFT PHAR AT9F NPT AT RANT PUIC NPA 0@+T+F hHARTP F9°UCT JC
NEMARC PADMPIR 490P A$PID +MYItd: NHmTILICT PHAG AT NPFFT Na8NC ANP UIC NPA O@-$+ NHARTP
PNE+E FIRUCT 09T DN+t P FANTFMD: YT +MAR+PA:

DAL NtMeAT NHMTILE TPOLE PIPOLNM-PT/ PHARGR N&+E FoPUCH +@LPTFY PHAG AT /76, NPT
NMALS AYIRC PAGT AINNYIFS AF O-MFTrt ATIRANT PTPNLAT PHIPUCT APLINTE +HME (P PFI90
ez

PRGE THET ATLM PARANET ATE PTIRUCT LOT PDELT PHAG AT 46 MIPTY PHAG ATYT NE T N RANT
N+ A18P7T AT FIRUCT A+TLPF AINNIF ATRSLM NNLATT AUIC NP O0@-++5 +TLPE ATMNTFO-
MUNLANTF TR+ GATIF P APAMPT ARMPI® NMI° ANEATL 10 PHU DT +AFLPTF ARTAT PAM-T F8L +TLPF
PAEMNFD-T MUNLANT T84+t FATIT AT TUNZANT PJ PAMFDT R80T FA PA PFI°UCY LT AFPNHI®
MPTF ATLAAD: 10

NIRO& 3 BGF 0+TFE I5HF ATLMLMARHYT NATES P O-ND PAD- PHARTR F9UCT #CoYF AL+ tebuNeee 1T

AFEEPR 184t FATT JC NHING- ARY7L ATSHADE ARLLT NAFPE L ®-ND PA PHAPR TINLANT PAFM-T UIC
Ned 6@+ +F AP ND-h, Y74-F PN 10 ATHUT AT NPT +TLPF NTHIPUCT NPT PARM4LE F92UCT BHT
NANNNPF@ hAD A®-13 JC NHI® PARAHARE ATELUT AECIPA: PHOPTRMY PFIPUCT LT +HINIT ATIALY
N+ALR PAFEZP MUNZANT @-nm hA UIC NPd d@-$+F AT NUIC NP PHIPUCT ACYPF PaRanC ANLALTT
+AREA: NTAL PATEAL ACFANN +PhE N+ NCALLT PUIC NPA FIRUCH ACHT MTNL ATPAT AT8N++ TN
UAN +ATHZA: ATHUTR NI4 PARARC/PAF £I&TT ATORPR RIRPTIT PTIRUCT BHTY AT PU&TT TANC AS
@M$RY PhtFh: N OnhIn UHN LATHTR AT UTC NP PHEAC UNT ANHBEC NETT NARAAN N+APLE
MUNLANT PFIRUCT BHET PAPMPI® ANLALTF FIrdt +ADPFaz

PIRYCF 3 FRT ATRMLPAAR+RT PATEX LT HAPGP PHIRYCT 0T NARIARF NULLT -Nm F9RUCT hahnno-
@MYNZANT JC O-NT ATFIF PAG- OO NARAR4P ARAT N NF P+H18NG PARIRULTY TARS Y% PAINAMY &CA
P LHNT ANYLE MO PT PYPE T M- ATHU UpFPT PO+ PTFY NADAYC-a\+a9C Y 24 F+CFI° NAM- ADAN: PADA+E
08T £18NA: ARTHY NFIRUCT ACY%+H ATYFR ATHT BEFY AAMT P+mLPT FNNCT IS St AT NOD-bT
9INF L2 @AM FLHID NAM- AN AT8A+4 TBAFAT AT8 U9 TRUCTT NHALE MIN+ANT IC +HME AT8 Y
N PATFA PARARC AN+ AdLZNTF +oINLP TELD NMIR ANLAT T

N+ETILIRE PAFEE LT UIC NPA 0@+ TF AT UIC NPA PHIPUCT ACHPFT ABM$IR P PAFA ATCNT PHIRUCT 12 &
mCPPTF NHU mTF +MERPA= ATHUT®:- Y14P 14+ GATYFHY aRaecanrg dab+y+%F U0 N 0B +FY NFHIUCT
MACYPTF MN+FT AHAG ATYT +IN7T PAFE PORAYC AON+AC kbl /NFY OOMPIRT +aqLPFY AYA+E AT P+, PFTY
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+PACPF NINATIF MPIR §FD= g+ IRF AIHUTY PHIPUCT 126 CRCUPT aOMbIR PHE T PTF (P17 PHAR
ATT 49 MLPFTY) PHAR AT NPFF ATISNC AN+PRA ATBATFD- ATPAN+PA=

NI2O&& 2 AT 3 @MATF AR NARAPWLE GROLE 4 PIPCIRC DPE 2 T0-N mPR 247 APAAA: NTR0L4 PPLND: BTF
PHaRLPFY PHAG ATYF HCETF PUF ANNN.LRT TIINGRT oMy UNFR F86-F PAFDT @ANNN A~LYFP aN+INCT
PaRZ8F NPT NTISNC ATRC NARARLP NEA Db, NAD-T1FD- FAT® FIPUCTHT TN+MCT AT NChF PARAC A e-dNFT
AMIRC PAMPIRY AN+PEFA TPLICZA

MGt NALN ANN RLACNE NEAILE AT PANNMN 5T FIRUCT hA&A POREAD/P 89/ +0Dld +MLPFT ANTF&A:
TIRUCHP Panhh Ne-PFT PHNNC FIPUCT HET NHARGR +YdAPN NANT PaRayC HE.q MAFmA PaRPH PF+IRUCTH
HE&PT NAIRLF mPIR AL MAPA: NATE TH AL PHMeATT PHIRUCT HEPT AMIRC MDMPA™ A+AFLPTF NFIRUCH
12+ M-AM FCFI® NAD- AN AT8ATE ALA NDETFPA: NADTRD FAT® AD-L M-ND MPI° AL PPAT ATHU MI°C
PARaRLL HRPTF PUATT® +AFL +TULPT PHAG ATF HCETT (TIARIRT ANNNLRT TINGRT oMt UNFR +80T)
O-ANAN ALY FP A+INCET PAD8F NPT ATIBNC L+ PA: NHTILIRT 95 RF FIRUCTT NAD-T 3@ FAID APAMT
P+ PFY CANACH TNAC ATRMLADFE ANL+PA:

PG+ 184 UAND AN+PRAPT

NAHAS AT9F NPT MOb&

PHU PFFP F& 5T AHAR AT9FT AHA®R AT} NP FFI AHA® AT9F F9°UCTH AT AUIC NPd OO+ PRTH HCRT
184 UANR ANTPEA PN A

NTCA T AT AT (2017) NHAS AT NSFTF HAPT NMLT AL NMTT YICT AL OAM P+w4 PIRLIRC NPT @MC
NMI® Mot MPTFMY AMANTPA: AT8U PA TRT NPTIT PIROLNM-P1T AMRE ADYAR NAREL/9 Pt+w4é Fm-
(Rieckmann, 2012)=

NRO-& 2 AR P+RLIM mTF NT9L AL NAT UTC +enNers i3 HAE ATFT ATIZI1M AT NG NAT>PPTF ANEAT PUF
NPFFTALT ATDP ANTFAA: NTLD AL P YT NTPOLND LT AD-LF PTLARKT M YN AT oML UNFR NUCLF
AAT@: NAPPRIR U meF PHAG ATHF NPT PIRCICC ADHE PN4A:

N+enTLIRE PIROLE 2 THFTF AY8TE PHAG ATT NSTHFE P+ALE MUNSP AT oMYy UNFPR NULPT AA T Y741
N+a@AAL dRAN P9 PN AZFE MOPRY ARAN+TPA: RTARIRT A1871E PHAG ATHF NSHT GATE hbd P AU PR TANT
Ui A18A PGk @M F MedPA= hHU N+t PHU mFF 95T Nt AD-L-+hC +8CT PMmSMCNFT Ui
PMEPA= NATPT NPTT ATLARAN| PIPCIPC HCETF T2 -UNN AN+PRA PRCIA:

NATTRUCH AHA® AT9F AT PHA® AT9F 9920760, NPT NATHAL

NHU ™5t 90L& 3 P+Meir 93FT AL LAAN+HT NATEEP AR AR TUNZANT P+1TF ATL P+ UNTF AMNN$S
A7 IRUBLP UTC N$A OO+ FY NHARGP F9RUCTH A2CY%F @NMD TN+F MPTR M- PIA M-

9T E NUIC NPA O@-$FG HAG AT 1P PHLLTF HHAE JRCIPET hHU $L9° PRAANTT £9P80R PAR PMTASG TF M-
(Berkes et al., 2000; Boiral et al., 2020; Guerrero-Gatica et al., 2020; Rist et al., 2010):: N+ALR TMUNZANT PUIC NdA
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Ot RHEFY NAP@-AL ANLALIF NHTILIPT PAG+h @-MPF NATERP ACFLAN +PhL Nt NCAEPT UIC NPA
PHIRUCT LS MTING ITF ADAS PALFA FIRUCETT MeTA: NTHU @A ALN RILPTI NUAT AT o0& P
AMTT PMPI°T AHAE AT PFIRUCT AINNTTHT @MFTrF  ATLMLE ATRANTPA: ATEHUIPT HAR ATHHT
AR PTRLT MAPF NAR ART NChF 1%t SATHH AR P+aRAL+ NUF P+AA @m0 AP ATLTFA hdg+
TIEF aoZ8%t BFAA: NHARAAL MRANT P+aLPFT PHAR ATF 992776 NPT ATNLT PMAM FIPUCH
NFROLN@-2Y YL+ GATPT PN+IILP HEPTFT PHIPUCT BHET NF haP@AY 24P UIC NPA 0@$+TT AT 1%L+
GATIEY NAOMPT AL P+hs AR AR APLLNT PHAA ACINNTT ATSATD-9® PHU BGF T5$F PALA: NARURIRE PRg+
£9R8mPF N+ARAAL PG HCE P+RLTF PRA™ JRCIPCFTY 7T BNAMD AMTNLPA (Opstal& Huge, 2013; Reed et
al,, 2007)=

PIROLNPLI/HARGR F9RUCT MNNNAN ADIFPTFYT  N4&EAT APAd PTIRZN @NATIT AANT NTRA 27ARA: NATRSGE
U1C Nebd O@¢+F LATFP ATEUF (MATIRT ANNNLPT M9NE-PT M UNFP 80T PATFMT NNAN ACYFP
@A+INCTF ATITHN ATRMLS.) +HME FoCIeCF PanAh A (Haigh, 2005; Johnson, 1992; Kaya &Seleti, 2014):
N@®FRP® PHU M M ST UG NPA 0@$F7 NHARPTRM- F9RUCT JC NTIMARL AM$IRYy PN A N+ehTIL IRt
MG+ P+ILPTFT PHAD ATt d92076h, NEFF NAIALS ATRC NHARGP F9RYCt IC NMIMARC PUIC N dMb+T
aM$ge P PATFA HEPFT NTROL& 3 APCAA:

NIRO-& 4 NADAR P NEA M-¢h, NAD-TPMD GATR F9oUCHT NAPAMTF PHAS ATRF HCET PURT ANNNPPRT T49NL-PT
gomy UNFE 80T PAFEY @-NNAN ~CYFP aN+INCTFT Pa0/8F NPT +TLPTF AT8.P8NG PARNN NE-PFI
PFNNG FI°UCT HEF NHARTP +YbA PR NANT PAPARC HE,T AN FMA PARPH PFIRUCT HEPTY NS BT PaRMbIRT
ANTPRAPT 8AAA: FFEID NAR PAMert PORMAYC hdb/NF AT NADHIF@ GATE F9RUCET AOAMT +TLPTF
FCFIR PAD +ATE ATSPECTH NOIMFFE Nl 0+aLPFY NNAN ACYFP A+INCTT PARIIHAN NSt
PaALY ANTPR ATRATE MDA ATRU ARIFR APLLNT ATINING BANAN AU SAT® A& PHAS AT9F +18CFF
NFNNC ae&rY AMNEFT ANFL FiFPTF 24Mer: PHU mTF @MeFF ANNNLPPT MINLPT 9°my UNFPE 180T
PAFDT @ANAN ACYFP AN+ INCT PADL8T NPt MRANTT ATLAAN| PMGTH HCRT ANTPRA LFFPA:

P7ANT FOINE ATETFPT

NAR htaeAn+t 184 YANR ANCAPFPT N+ PHU mTF 13+F AHAG AT AT FIRUCT AT8.URTD AHHAE 7A NS
ATINNC ANTPEP PLCIN: MT+T PAMANFFD: NALCA ANAT FATD AP4D PHAG ATYT FSETFT ATTNINTT ATRITHM:
AT2TMLE9D N4 +RCAA: NTAL AHAR ATYF CINFT NHAG ATYF 187+ ARIPUCTT NAMT 7AN, AC-MPT AT8U-I°
mgRYsLT +MEPTT IRC P+ALR NALCA ANATT a5 NYTH PG+ O-MAT AN+PEA PRCIA:

NHU DTF P+ART PHAG ATHF a2 9768, NP BT AHAG ATYF ATRLPZR FIPUCETT NAMTPTF ATLADTA A LTIAIA £FAA:
RIHU PHAG ATF 097,976k, NPT AHAR ATYF FIPUCTT ANATTPPF NAMSTT AND YNF ATHF ARLCAINCT PHICUCTST
NAMS N NARPIIR A PTIAIA 2FAA:

P+ e PHAD ATDF AINFY N+HACAN+E GATTY ATHUT AT GATD A& INTF ATYANT NTQPATA 1N, T°T AL AATPUEY
Ye+7 P7amyam HINPF PAPLA: AHU A IN AAUPY ALRRT® NTAMP AR AR PN P$F dohhd f+9°UC HCS H$P+E
AERRTD A8 AT ATLMTA MEET PALA: BU HCE PMBL+ HAR AT AR ANTPRA ATR.LPLCT NHLATT AT
Ph&E+E FIPUCT +2MT +aLPF NHAG ATIT 9927760, NPFF NTINFMP PAD-D 45 OLPF THIET AL TFHhC MAT
1M BUTR Ne-fr PEHE F9RUCT ~CoYHTF NChF ADMT AT8PCRST AT8TTNG EMESTFPA: NADLPRIRT 7AN,
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ADPT AT AdT NASCAPT PHAR ATF F8ETFT ATININIT PFFUCT HCST AT T ATEIIHTT Nl BT FATD
AP4R PHAR ATYF INTF AR ATREZN ANFR HiFPTF AREMC ATRE P7ANST PHoING TO$e A18.PHIE PALAIA:

AHA® AT+ 7AAST FUNEGPTF AN+PRA PAOLLLCTHY PG+ FFF PFIPUCT ACHTT ATINNTF ATILITD ATAPR T84+
GATTS FIRUCT PILNTDINF TUNLAN LT AT AMFD- FE0F AR Fh-dt AMF AT8ANT PAPANF A ACINNTH
PAD- PFIRUCE LT MUNZANT 200 PO AM-PFD-T ANNNLRT TINE-BT TN UNFR SATPTF AY8 PAN ATITH
ANTPER BFLPA= ATRY ARTT PTIRUCT ACHT TUNLAM &P PAAMTET REETF NAINM P+7IHTS e+IN,
60T NUATT ATRANNTF MIRLET (MATIR NPTT) PhMe PHAG ATDF PAGD 4.9 @LPTFT NM&LT AN+PRH PRCIA:

PRTk IROLE 3 TFET P+TILPTF PHAG TRt A9 J76m, NP FTFT ATINL PUTC NPA O@-$+T CEMPIR ANLATL TRUPrY
ANLTPA: ATLHUIRT AUTC NPA 0@rdF AM-$T OOAMTT MMba™ P+APR MUNZANT UTC N O+ AT8LMET
MEPME TMALT AT8NAIT% PoIHA: NTeRTILICE PUIC NPA 0@ F +PNLYF M TF dM-$$F O+ TNFO MUYNLANT
0@ FFMmT FIRFDT NUATET PPUHLPLFFE ATLHNNGT PR AL ATEPA NATLTTHN PMUNZANET NI1ANT
NAPTFP aoy7 e NAR7INT 218 AN+PRA PNZNFA:

9°79° AT UG N 0@+ $F NAL P+N&etT AT NChF ANHPRE TNCHT PALFANT ATRP APIR NFLFO-91
NHARGP F9oYCH IC Né Ui ATIMARC P 29 M/ O+APR +918CFTF A1 F AT2M FA MANG DTy ATNET
@mHIEF ANEAL 10 UIC Nbd 0@+ T NIAT® N+IAL4D- PIRHLNG-PY/HAPTRM- F9°UCH P1A AECY PORPHt
AHMA LT N+APR MUNZANT O-NM PA UIC Ndd O@$+T N+EMP PHCT @AM +ht+d mEI° AL A18LMK
N.PLT%4 +18°FTF AONNA AT8. 10 NAHUT PHAG ATYFG PHIRUCT ACYT NALCA ANAT AT8U ART+HT ANTAAN
AL MG UIC Nbk OO$F MEPIR AL AT8.0-A ATLL P9 PATA RCMTTH AFFO- £INA=

2U TF PHMLPTT PHAR ATHT T I760, NS FT N RANT 18 PFIPUCT ANNITT OMAFTTTT ATIALD A4 TP
U7C N$a 0@+ NHARGR F9RYCT IC ATITET P PATA HEPTFT ATPANLA:

PG+ @NYIFTT @LLF APMTT NAANTFD- F86F

NHU PIRCIRC 1L P+hthk MTPTF 9FFF AL PAPC TN AD-DT PANRATT AP3RA AT 2UTT ACRAAX PT PT GATD hd&
PHA® ATYF +I8CFT &ETY AGREAT ATLLLY MLFTF ANTPEA ATSATE: LFaqA: PFIRT mePR  @NTFFI
AAFO: ONYIRTT NARMSTD LLT PALLLTF MTHF NI°T HEP NG RUTT mTF PNAM P+TA NTCLT AN+PIA
ALECTH ATRMFA ATINPT +IPhZA:

MmGh NIROCE 2 ARTPEL 1NGR Usd PALLNLAT PHAG ATYT 920768, NSPFT ARLT AD-MtAd: NHU mTHT 1P
U@y P09 PM-k5 NHAG A9t FEEF AD-dk PATF@ NATPPT +ATL PA: NHU TROL& @AM PHLLIM mGH NUL
PRTHT TRRF NAFERL 1NGPR Uit NAIC ALATR Y14 ATLTNL ATRLIRLYID Paq PN AL LATD: ATAPR YT14-F TN
U2+PF AINNTT PATED: PHAG 99T @32 760, NSTTT ALT ATID-MF NChF U447 PA+E +94 mERT ALt
LPCNFPA: £U AT8A UFT NANHTD hIROLNM-£F INSER Uit PF P+DNAS PHAG ATF 092 9760, NPT AR FE4 PP
+I0, EPFFD NG+ Mt NARFPET AT8TRE PHAE ATF 97 976k, NETT PHALR TINLPT oM UNFP NULL
NAF@ NChF Y74+ MeMF AFLFD ATLMTFA AALHA: +APAANL PHAG AYT 977760, NSTTF NGATE hebq £4F
NATELFD AINNTF AT ANLALIT 292808 AR AADE/N 917 PHAPR A94NLPT oMy UNFP 183PF NAFD NCh
U1CTF 0LLAT +enid mT$T MNYE ANKAT j0-:
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R0s& 3 UTC NPA 0@$+T hHARGR F9RUCH IC NTIMARC AHA® AT9F AN+P&A @INChT PORFANFD-Y +80-F
acgozAx BUTT NHALE MUNLANTF NP PA UTC NPA O@-FFT AT UG NPA PFIRUCT ~CHFFT N F AAMTIO:
PHU 92046 T hHAFLPTF (TATIRT NHARTR F92UCHT NHAG ATHF dPAR O@-¢F NAFD- NATRLPTF) N+1T 1N AT
AL +aOACEA: £UTT @D ATINPLE NRTFELP UTIC NP PHIPUCT A0S UTC NPA OB+ FF AT HAG A9t 186-F
DELYT PTLLT FHME FRLIPCTFT UTC NP 0T PATFMT NATLPT AT 0@+ +F PAYTFNFMT MUNLANT NP
PAtTe ATR U £aPN4A:

NIRO& 4 P+TLPTF PHAG ATt HCETF1FT @-NNAN 2CYF aN+INCTFT PaDL8T Nt ATIALS NChF PanagagC
APLLNTFT NMIRLT PADMPIR @Myt +MTtAd: NHU mGF +AFL PURF NALN ANN RLACAE NE A4 AT PANNN,
mEF FIRYCT NGA PAREMLP 894 +M04d PING 36 +TLPT NF §F@-:: NHU PRTLT @Mk ARLACA+H®- PFIRUCT
@At kA +aRAAL 1O A GRRIPLID AR FATP: PRINCAHM- PU-ATR PHICCH dPAR +a9LPF PMRLT PHAG AT+
PADM 4.5 MLPF A8 P F AOHIEF NAANTFD- MLLT PR NYS. +HME JoLIRCF NNChF PHIRUCT HORTF FIRUCHFOT
P NFti +LPTFY Phtk AT U RAPNLA:

ATIMPAAT PHAR ATHF +98C+TF -NANATN TF@:: NTROLNDPT TR FATR AT PFIPUCT 20T NF AL+ ATIRTA
ARTHU YATR he& +98C T ety ATNEFT PNCHF NALCA ANAT TNNCT PAR AP BUNZANTT T&C+ SATT
NARIRLE AOMPID AALAT 10 HAE ATHT ATIZIT7P PA9PATA P+HAPR NAT-PPFY O-ALPFT ACTPEPT ATINAM
PHA® A9YF @92 0768, NS+TT AOAPTHT M RANT M, 100 NHU PARAD/G P Sh & Pb/NM FRCIRC 1FF ARFELP
1NGP Wb 15 PHAG A9 920760, NSEFT AL ADMtds: PhE+HT FIRUCT +£9F +T9LPTF (AT POLLT
PHAG AT PAD-D 4.5 MLPF) MLLT AHAG ATF P PNLA+FY ANTPRA ATIRANTS PAULFLFOT TS NAS Uis-
a0t AT8FA ATITHT PHAR AT9T M9 7760, NS FFFO-T MBANT AT 1@ HU ATRC PHARTP +9PUCH
ACYRFT MAARAT PUIC NPA O@FFT @N+F +I0, ATLUT NHU mTF +MeTRA: NHenTILI® AHAG ATYF 4ATY
PUIC NPA O@$FT NHARTRM- FIRUCE IC NMIRLT mPIR AL P PTY FANFMY AOCUPPTF ATPANLA:
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