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Chapter 6 

Engaging local communities through citizen science in Wadi Allaqi, 

Egypt. A new route for traditional knowledge? 

 

Hanaa A. Kandal, Jac. A. A. Swart, Hoda A. Yacoub & Menno P. Gerkema 

(Submitted)  

 

Abstract 

This chapter explores a possible role of citizen science approaches in the conservation 

and application of traditional knowledge in Southern Egypt. Based on the preceding 

chapters, we may conclude that indigenous, botanical knowledge gets lost, and that 

several cultural aspects of Bedouin culture are vanishing. In spite of international 

conventions on traditional knowledge, practical interest is very limited within regional 

Egyptian policy, research and education. In this chapter we elaborate on the question 

whether citizen science can offer new possibilities for the conservation and utilization of 

traditional knowledge, seen from a perspective of public participation and applying the 

concept of responsible research innovation. We argue to assess the potential bidirectional 

benefits of citizen science, i.e. citizen science projects that also bring clear benefits for 

local communities. Based on this we discuss a recent case of Bedouins engagement in 

a scientific sustainability project in Wadi Allaqi, facilitating the participation of Wadi Allaqi 

Bedouin society in traditional knowledge supported research. Finally we offer 

recommendations for further implementation and citizen science research. 

Keywords: Citizen science, Traditional knowledge, Public participation, Responsible 

research innovation, Wadi Allaqi, Egypt. 
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6.1 Introduction  

The relationship between laypeople and the scientific community is not an easy one. 

Scientists are educated in a specific culture and often embrace particular epistemologies, 

ideologies, and values on how knowledge should be produced and justified (e.g. Leach 

and Mearns 1996; Nadasdy 1999; Aikenhead and Ogawa 2007; Bohensky et al. 2013). 

In addition, laypeople lack the professional or specialized knowledge in a particular 

scientific subject (Lane 1997), and often do not know the methods scientists use to 

substantiate and justify their knowledge statements. Literature indicates that the distance, 

which is sometimes called the ‘science-society divide’ (Barnosky et al. 2016), increases 

as modern science becomes more specialized (Naustdalslid 2011).  

With respect to traditional or indigenous people we may expect that this science-society 

divide also exists as these people hold a body of knowledge, so-called traditional 

knowledge (TK) that has been accumulated in their community over many generations, 

often in remote areas and in close interaction with their environment (ICSU 2002). TK is 

usually transmitted through oral traditions and preserved through cultural expressions 

such as arts, crafts, and ceremonies. It is the basis for local-level decision-making in a 

variety of activities including hunting, agriculture, health care, food preparation, education, 

natural-resource management, trade and spiritual divination (Drew 2005; Mundy and 

Compton 1991). Thus, science and TK differ in the way knowledge is accumulated. 

Tensions and a lack of mutual understanding may therefore easily arise. A divide between 

science and TK may result not only from the different natures of TK and science but also 

from disparate power relations between scientists and traditional people (Briggs et al. 

2003; Bailey et al. 2017). 

It is generally accepted that TK has a cultural value. However, TK can also be helpful to 

realize sustainability goals (Cheng 2018; UNESCO n.d.). In this context scientists can 

consult TK sources, implying support from and cooperation by local people. Examples 

are nature restoration projects where local citizens are involved in all phases of a 

reforestation project (see e.g. Derak et al. 2018). It is widely accepted now, particularly in 

the field of international development, that research aimed at improving natural resource 

management is likely to be most effective when local people have their voice in 
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development and get involved through a participatory process (DeWalt 1994; Pretty 

1995). A major problem remains, however, the different epistemologies behind different 

knowledge systems: i.e. the rationalized experiment-based approach of science versus 

the belief system and experience-based approach of TK.  

In general, scientists aim to produce universal knowledge claims through rationalized, 

often experiment-based approaches. In order to minimize ideological, religious, political, 

and commercial influences, Robert Merton (1968) argued that good scientific research 

calls for four principles or norms. These norms reflect (1) universalism: scientific 

statements express universal and impersonal claims to truth; (2) communism: scientific 

knowledge belongs to the whole scientific community; (3) disinterestedness: scientific 

statements should not be based on involved interests; and (4) organized skepticism: 

scientific results must be approached from a critical perspective, also by the scientist him 

or herself. In addition, the philosopher Karl Popper (1956) argued that good science is 

characterized by scientific theories that are testable and that researchers should try to 

falsify their hypotheses instead of just confirming them.   

From such perspectives there seems to be indeed a gap between science and TK as the 

latter is based on community-shared experiences, traditions, and spiritual beliefs often 

specific to the local community and which are not tested in critical experiments. However, 

this does not mean that traditional knowledge systems are unchangeable. New 

experiences changing circumstances may lead to a change of the community’s traditional 

knowledge base (chapters 3 and 4). Moreover, the conditions of science described by 

Merton and Popper should rather be seen as idealized, instead of empirical, descriptions 

of the scientific enterprise. For example, Thomas Kuhn argued in his seminal work The 

structure of scientific revolutions (1962), based on historical material, that scientists often 

work within a so-called paradigm, a set of methods and habits, conviction’s, and traditions 

that are not criticized or questioned within a scientific community unless the number of 

contra-indications and doubts is so overwhelming that the tenets of the paradigm have to 

be replaced by an alternative (a so-called scientific revolution). Although we should not 

equalize a scientific paradigm with a particular body of TK, the differences are probably 

not that sharp as the prerequisites of Merton and Popper seem to suggest.  
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Kuhn’s view indicates that social considerations may play a role in scientific 

developments. And indeed, the field of science and technology studies (STS) that have 

emerged in recent decades, have confirmed the role of societal conditions as a co-factor 

of scientific and technological development, and the other way around (see e.g. Sismondo 

2010). From these studies it appears that especially at the interface of science and 

society, ‘boundary work’ takes place where scientists and societal actors interact, struggle 

but also collaborate with each other in order to demarcate their positions (Gieryn 1983). 

The work by governmental advisory committees and ethical committees and in private-

public collaborations are examples in which such boundary work takes place and where 

scientific and societal considerations meet. 

A recent example of boundary work is the rise of the movement of citizen science (CS) 

where scientists aim to involve laypeople in knowledge gathering and development (Cohn 

2008; Riesch and Potter 2014). This movement may include approaches that can help to 

bridge the divide between science and TK. Special attention should then be paid to a 

participation of local people such that CS indeed will contribute to improvement of the 

livelihoods of local people. Below, we elaborate on this issue by focusing on Wadi Allaqi, 

an isolated area in southern Egypt that is inhabited by Bedouin tribes with their own body 

of TK. We briefly describe this area, next we describe some characteristics of citizen 

science and approaches of laypeople participation followed by a section in which we 

discuss conditions for the application of CS in Wadi Allaqi. 

 

6.2 The Wadi Allaqi case 

The area of Wadi Allaqi, in the South of the Eastern-Desert in Egypt, remained relatively 

isolated until the early 1970s2. Until then Bedouins followed a nomadic way of life. They 

did not have permanent settlements but, instead, lived in tents and migrated during the 

different seasons, determined by the herds’ needs for water and food (Springuel 2001). 

Bedouins of Wadi Allaqi were self-sufficient in terms of food and most nonfood 

 
2Aswan High Dam was built across the Nile in the south of Aswan, Egypt, between 1960 and 1970 and 
subsequently Lake Nasser formed in the period between 1968 and 1972. 
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necessities. They knew the surrounding environment and vegetation, on which their 

livelihood was based. Their traditional knowledge secured grazing, shading, firewood, 

charcoal production, provided building materials and medicinal substances for their 

survival in this remote area with its harsh conditions (Briggs et al. 1999).  However, the 

formation of a huge water reservoir, Lake Nasser, behind the Aswan High Dam in late  

1960s and early 1970s brought about substantial changes in the local desert ecosystem 

and accordingly rapidly transformed the society and economy of these Bedouin tribes 

(Belal et al. 2009). Nowadays most Wadi Allaqi Bedouins do not migrate year-round 

anymore and have permanently settled at the shores of Lake Nasser. Some are still living 

in tents, others in stone houses in Allaqi Village, a village established by the Egyptian 

government in the early 2000s. Clearly, these developments have not only affected their 

traditional lifestyle but also have influenced their traditional knowledge base (Briggs et al. 

1993, 2003; Yacoub 2018). 

In order to assess the effects of these developments we performed assessments studies 

of the knowledge base of Bedouin people in Wadi Allaqi in which we compared age 

groups (older or younger than 50 years), gender, and people living in tents at the shores 

of Lake Nasser or living in the houses of Allaqi Village (see chapters 3 and 4). We found 

that women and people living in the newly established Allaqi Village appear to have less 

knowledge of plant species as compared to men and people living outside the village. But 

especially the decline of knowledge of plant species among younger people indicated a 

loss of traditional knowledge of plant species on which they were so strongly dependent 

in former times, and which may be interpreted as a consequence of the developments 

since the 1960s (see chapter 3).  

In another study (chapter 4) we demonstrated the decline of TK with regard to rangeland-

related issues as grazing, navigation and charcoal production on the one hand and to 

settlement-related knowledge issues such as human medicines and handcrafts on the 

other hand. Younger people appeared to have much less knowledge of both categories. 

In addition, men compared to women knew more of rangeland-related issues but no 

differences were found with respect to settlement-related issues. In addition, new 

knowledges with respect to alternative grazing schemes, agriculture, and the use of 
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aquatic species from Lake Nasser for feed have been developed. Although, people living 

in non-permanent dwellings in tents on the shores of Lake Nasser and Allaqi Village did 

not differ with respect to these two topics, these changes indicate the wide impacts of the 

developments.  

These findings are in line with several studies indicating that changes in traditional 

knowledge systems are closely related to changes in livelihood. As such, the dynamics 

of the Wadi Allaqi socio-ecological system in response to these new conditions may be 

regarded as an example of how the traditional knowledge base of indigenous people may 

respond to changing circumstances (chapter 4).  Nevertheless, it is clear that the 

traditional knowledge base of Bedouins in Wadi Allaqi is eroding, which may frustrate the 

possible and future use of such knowledge in policy-making related to sustainability goals. 

In order to answer the question whether the threat to and the role of TK is considered or 

perhaps taken up in Egyptian policy, we assessed Egyptian policy-making with respect 

to TK by documents analysis and interviews with institutional stakeholders (chapter 5). In 

a SWOT analysis of threats and weaknesses, as well as strengths and opportunities of 

policy-making efforts, we found a general willingness of the Egyptian government to 

consider TK. However, a real and significant implementation of the use of TK in practices 

(education, research, social-economic development) has not taken place. It also 

appeared that local stakeholders have a positive attitude towards the significance of TK, 

although they mentioned many obstacles and lacks of means. As a conclusion we 

recommended that Egyptian institutions should put more effort in the implementation of 

the commitments that follow from international agreements on TK related to sustainability 

goals. Moreover, scientific research should focus on information gathering and sharing 

with local communities of TK by engaging stakeholders in their research practices 

(chapter 5). Based on these findings we hypothesize here that citizen science, as a form 

of boundary work, is a potential approach that could contribute to such a sharing and an 

involvement of local people. 
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6.3 Citizen science, public participation and responsible research and innovation 

Citizen science (CS) is an example of a strategy to engage laypeople in knowledge 

gathering and development. Laypeople are involved actively in one or more aspects of 

the research process, including research design, data collection, subject recruitment, data 

analysis and interpretation, and even publication (Riesch and Potter 2014). It is an 

increasingly evolving field that is intending not only to make use of efforts of many people 

to perform labour-intensive research but also to encourage curiosity and to contribute to 

a greater public understanding of science. It potentially reinforces the collaboration 

between laypeople and research institutes and aims to respond by science-based 

approaches to people’s problems (Cohn 2008; Silvertown 2009; Riesch and Potter 2014). 

Follett and Strezov (2015) claim CS to be a significant research approach, encouraging 

cross-fertilization among the different disciplines and demonstrated by its wider use and 

acceptance. As such, scientists could expect an increase and expansion of CS research 

(Follett and Strezov 2015). 

Notably, CS has recently gained popularity not only in the scientific community but also 

within the public (Buytaert et al. 2014). CS can offer important benefits to both scientists 

and participating citizens. Citizen participation in research can provide a valuable 

resource for scientists (Cohn 2008; Stilgoe 2009; Silvertown 2009) as many projects 

require a considerable expenditure of time, effort, and labor unattainable by individual 

researchers or even research teams (Bonney et al. 2014). By CS researchers are given 

an opportunity to collect larger amounts of data within a wide range of scientific 

disciplines, e.g. monitoring biodiversity (Bell et al. 2008; Hobbs and White 2012), 

transcribing old documents (Causer and Wallace 2012; Eveleigh et al. 2014), or 

classifying images (Raddick et al. 2013).  For most researchers the main motivation for 

doing scientific research, is scientific curiosity, passion, enthusiasm, and an 

understanding of nature and human culture (Bickford et al. 2012). In the case of citizen 

science this type of motivation seems not restricted to researchers only but also includes 

involved laypeople. 

Various factors can enhance the motivation of laypeople to engage in the CS projects, 

and hence ensure the sustainability of these projects. One of the most often mentioned 
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motivations of participants is to participate in the scientific practice because of an interest 

in a project’s topic or in science in general (de Vries et al. 2019). By CS laypeople have 

an opportunity not only to assist in scientific research, but also to learn more about 

scientific concepts, methods, theories, traditions, and values. They may also receive 

some training or expertise in scientific methods and concepts, eventually they may 

receive some payment for their work (Giacomelli and Giacomelli 2004; Shamoo and 

Resnik 2015). Moreover, citizens can also influence research projects so that researchers 

get more responsive to the needs of disadvantaged or marginalized groups (Epstein 

1998; Corburn 2005; Ottinger 2010) impacting perhaps the science agenda. CS initiatives 

can enhance people’s appreciation for nature and for their local environment (Haywood 

2014). An improvement of the public’s understanding of science can also increase the 

public’s support for research and help to promote effective policy decisions based on 

sound, relevant science (Resnik 2009; 2011). Ideally, public participation in research can 

empower citizens, increase their self-efficacy, and develop the social capital of a 

community (Corburn 2005; Danielsen et al. 2005). 

In this context CS should be conducted as an undertaking with bidirectional benefit, not 

only for scientists but also for laypeople. To assess the nature of this benefit one should 

therefore take into account how science and technology relate to laypeople. In our study 

we consider two general approaches of dealing with the relationship between scientists 

and laypeople that may be helpful in implementation of CS projects, namely Public 

Participation (PP) and Responsible Research and Innovation (RRI).The Public 

Participation approach aims to take into account the needs and perspectives of 

stakeholders through the involvement of the public and stakeholders in the research 

process itself and may vary in form and extent (Arnstein 1969; Pretty 1995; Reed 2008).  

Arnstein (1969) applied the metaphor of a ladder in which each rung corresponds to the 

extent of citizens’ involvement in research plans or programs. It ranges from manipulation 

(of the public) at the lowest rung to complete citizen control of the research at the highest 

rung. However, Arnstein herself considers the bottom two rungs (manipulation and 

therapy) as nonparticipation. So actually six levels are distinguished: informing, 
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consultation, and placation as degrees of tokenism, and partnership, delegated power, 

and citizen control as degrees of citizens power (Arnstein 1969). 

On the other hand, Reed et al. (2017) who focused much more on the context of the 

participation, has distinguished two dimensions: the extent of top-down steering (ranging 

from bottom-up to top-down) and the extent of deliberation with stakeholders (ranging 

from consultation to deliberation). They explain that engagement in top-down 

communication may be considered successful in certain political and socioeconomic 

contexts, while more bottom-up, co-productive processes may fail to achieve their goals. 

Thus, Reed et al. (2017) reject Arnstein’s (1969) one-dimensional ladder metaphor, which 

may suggest that engagement should always aim to be as far up the ladder as possible. 

Reed et al. (2017) insist to select the most relevant type of engagement for a given 

purpose and context. 

Because CS aims to involve lay-people themselves, it should at least be organized as a 

form of consultation. PP-approaches often address specific issues such as environmental 

assessment, natural resource management policies (Booth and Halseth 2011), and 

energy research (Jellema and Mulder 2016). Numerous studies show that benefits from 

public participation in decision making may accrue to all parties involved (Fraser et al. 

2006; Parkins and Mitchell 2005), reflecting its potential for CS approaches with 

bidirectional profit. 

PP may be part of the more recently developed approach of Responsible Research and 

Innovation (RRI). PRI aims to anticipate the social and ethical consequences of research 

and innovation (R&I) strategies of private companies and public research institutions. It 

has become clear in recent decades that the concept of responsibility needs to be 

extended beyond the norms of Merton (Owen et al. 2012; Stilgoe et al. 2013) because of 

the strong societal impact of scientific and technological developments. In this context, it 

is increasingly recognized that the assessment of technical risks of innovation projects 

should involve both collective future societal and environmental impacts as well as 

choices on the purposes and societal desirability (Hellstrom 2003; Owen et al. 2013). A 

relevant example  in the framework of this chapter is the construction of Lack Nasser and 

subsequent governmental policy to settle Bedouins in a new village since the early 
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2000’s3 with a big impact on the livelihood of these people (Springuel and Belal 2001; 

Belal et al. 2009). The Lake Nasser project may be considered a large scale technological 

enterprise with many societal consequences, which was developed though without any 

involvement of Bedouins or local people (Belal et al. 1998). 

RRI aims to extend the body of responsibilities of scientists, technologists, and related 

decision makers. More specifically, four dimensions of responsible innovation have been 

formulated: anticipation of future developments, inclusiveness with regard to stakeholders 

and the public, reflexivity with regard to underlying value systems in the affected 

community and responsiveness to social concerns (Owen et al. 2012; Stilgoe et al. 2013). 

In the next section we will discuss the potential of CS for TK in the case of Wadi Allaqi, 

using insights from public participation (PP) and responsible research and innovation 

(RRI) approaches. 

 

6.4 Involvement of local community in Wadi Allaqi: examples and possible steps to 

be taken  

In Wadi Allaqi, local people often have assisted researchers to find their way during field 

studies in the desert as they know the desert’s vast area and are able to navigate through 

it even in the night using the stars (Belal et al. 2009). In addition, through the interviews 

with Bedouins of Wadi Allaqi, researchers have collected information on various fields 

such as birds (Abdel Azeiz and Walmsley 1991), other animal and plant species (Mikhail 

1993; Springuel et al. 1997), medicinal plants (Badri and Hamed 2000), environmental 

knowledge and vegetation use (Briggs et al. 1999; Ahmed 2003). Similarly, geologists 

doing fieldwork in the Wadi Allaqi desert often have utilized the Bedouin knowledge of 

soil color and texture which predict the presence of metals. In addition, Wadi Allaqi 

Bedouins have the knowledge of where to dug relatively shallow wells to depths of two to 

four meters (called Gamama; Yacoub 2018). Another example is the provision of 

information by Wadi Allaqi Bedouins about the locust movements through the desert to 

 
3Allaqi Village was established by a decision of Aswan Governor in 2001, the construction was completed in 2003. 

https://www.sciencedirect.com/science/article/abs/pii/S0140196383710281#!
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the Commission of Controlling the Desert Locust (CCDL), a regional governmental body 

in Aswan, helping to follow and predict locust outbreaks (personal comm. CCDL).  

However, applying Arnstein’s ladder of participation (Arnstein 1969), these examples may 

be mostly qualified as informing, and according to the typology by Reed et al. (2017) as 

top-down and one-way participation. In terms of the RRI we see in these examples some 

inclusiveness based on the involvement of few individuals of local community, but no 

anticipation, reflexivity or responsiveness with regard to the interests of the Bedouins as 

participants. 

Exemplary for a more active engagement of Wadi Allaqi Bedouin in scientific research 

has been the research project "Agropastoralism as strategy for sustainable conservation 

and livelihood in Wadi Allaqi biosphere reserve, South Eastern Desert, Egypt", performed 

by the team of Wadi Allaqi Biosphere Reserve (WABR), Egyptian Environmental Affairs 

Agency (EEAA). This research project focused on the degradation of pasture land around 

the shores of Lake Nasser. Previously, nomadic Bedouin tribes had settled there because 

of the presence of water and initial grazing resources, due to the presence of Lake 

Nasser. This resulted in a severe over-grazing by Bedouin herds (Yacoub 2012; 2018). 

The aim of the project was to find out experimentally if and how agro-pastoralism could 

function as an alternative livelihood, to prevent further degradation and to restore the 

overgrazed pastures. Local people played key roles in this research project: they selected 

plant species (for their own use and as food for their animals) and collected the seeds. 

They were consulted with regard to various agronomic issues, proper timing of activities 

and decisions on farm location. They assisted in practical work, e.g. monitoring, fencing 

and watering the area, under supervision of the project team. It turned out that small scale 

agriculture, combined with ancestral pastoral practices based on rotation grazing along 

the shores, can further the recovery of rangelands  from the temporary grazing pressure. 

This approach could indeed function as an alternative livelihood, particularly when the 

appropriate plant species, the cultivated trees and crops were selected carefully (based 

on the local community needs of tolerance to drought and heat), and irrigation water from 

the lake was secured. Local people benefited from this project. The agro-pastoralism 

provided Bedouin people with food and fodder for their animals in a sustainable way. 
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Furthermore, the Bedouins community has learned to apply alternative livelihood 

resources and has become more aware of the environmental problems and potentials of 

the area (Yacoub 2012; 2018). 

This agro-pastoralism project seems to be located much higher on the Ladder of Arnstein, 

e.g. level of partnership and is according to the typology by Reed et al. (2017), much less 

top-down organized, clearly demonstrating a two-ways participation, as compared to the 

traditional way of doing research in the area. We can also find the fulfillment of the four 

RRI principles. The project responded to concerns of environmentalists and Bedouin 

people about the degradation of the grazing fields and it actively involved local people in 

the preparation and the conduct of the research project. The project team members 

reflected on the needs and the culture of Bedouins by searching for a form of agro-

pastoralism that maintained the Bedouins’ way of life as much as possible. The project 

anticipated on future conditions in the context of climate change, making new practices 

of agriculture possible also under unfavorable conditions. Finally, the project has provided 

the Bedouins with essential bases of agroforestry techniques represented by knowledge 

and facilities. As mentioned, RRI aims to extend the body of responsibilities of scientists, 

technologists, and related decision makers. In the project discussed above scientists 

aimed to develop what can be seen as a CS program, capturing data using local people 

and at the same time applying the four principles of RRI: they designed the projects such 

that the benefits could go in two directions, those of scientists and the local community.  

 

6.5 Conclusions: towards a possible role of CS for TK in Wadi Allaqi 

Although knowledge of vegetation in Wadi Allaqi has always been an important factor for 

the subsistence of the Bedouin people living in this area, botanical TK seemed to fade 

away due to the socioeconomic changes over the last decades (chapter 3). The project 

just described may provide a new position for the botanical knowledge of Bedouin people. 

The agro-pastoralism, seen as a CS project with bidirectional benefits, demonstrates that 

such knowledge can be revived and renewed and may provide new promising 

perspectives. Similar projects in which the local community gets engaged with regard to 

their concerns and aims and the practical aspects of fieldwork itself, may offer an 
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improved livelihood, maintain indigenous botanical and ecological knowledges, and may 

also contribute to the conservation of the wadi’s biodiversity.  

In this context, Wadi Allaqi Bedouins could also be a persisting, major source of 

information on their environment and cultural heritage. Again, recent socioeconomic 

changes have become a challenge (chapter 4) that could be overcome by active use of 

still available information. For example, Bedouins may be asked as speakers, transferring 

their traditional way of living and their TK to new generations, also to people outside their 

community, in schools and universities, as well as in meetings, conferences, thereby 

helping in setting up smart phone apps and special training programs on the internet. 

They can also play a major role in guiding field trips as well as data provision and 

monitoring work of research programs. 

The recognition of TK at governmental level by development and implementation of 

policies (chapter 5) is a necessary step to enroll educational and CS projects on TK with 

a bidirectional benefit. Government, also in the perspective of international programs, 

should secure sufficient financial support. Scientists should be willing to collaborate with 

non-governmental organizations, to design programs that will conserve knowledge of the 

local communities, increase understanding of conservation issues, and empower 

stakeholders to make decisions themselves. At the same time, programs should 

endeavor to address the needs of the community associated with conservation of this 

community and its environment. 

Convincing Bedouins to participate in educational and CS-like projects is not easy. Most 

inhabitants of Wadi Allaqi are illiterate and skeptical about people from elsewhere. So far, 

most cooperation’s with researchers in the area were individual, temporary cases, without 

continuity. To engage Bedouin people additional conditions are needed, including respect 

for their pride and culture. Bedouins should become convinced of the aim to empower 

them and to improve their socio-economic and financial situation. It should also allow 

them to give feedback on CS projects, based on their own perspectives with regard to 

cultural and environmental issues. The four principles of RRI may act here as a guide. To 

make use of the cultural heritage of TK in Wadi Allaqi and to support its conservation the 

policy makers and researchers within relevant governmental and scientific institutions are 
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particularly in charge. In our view they could profitably consider and integrate CS 

approaches in their views and practical interest, taking into account the aspects of PP 

and RRI.   

In conclusion, this chapter gives an overview of current and potential practices in 

engaging citizens of Wadi Allaqi in research projects. It reveals the potential of CS in Wadi 

Allaiqi to increase the involvement of citizens in data collection, and in decisions affecting 

them. We think that key stakeholders of Wadi Allaqi are an important resource for CS 

making use of TK embodying insights over large areas and long time periods (Dikinson 

et al. 2010). However, in order to leverage CS for TK management, the main research 

and implementation challenges should be considered (Hyder et al. 2015). In this light, we 

argue that all types of engagement (Arnstein 1969) should be available for use, but their 

selection and application should be based on understanding of what works in terms of 

desired outcomes from engagement (Reed et al. 2017). In the future, we hope that 

participatory programs along the indicated roads will be developed for a better 

understanding of Wadi Allaqi Bedouins and their TK. Furthermore, there is a need to 

involve the Wadi Allaqi Bedouins not only in research but also in policy making in order 

to realize targeted conservation measures of TK as shared responsibility with the local 

community. In general, we think there is a need for innovative approaches to help key 

stakeholders within the Bedouin society, policy makers and scientists, to develop  

effective ways of combining scientific knowledge and alternative ways of learning, 

experience and making decisions (Bickford et al. 2012; Pandya 2012).  

This thesis demonstrates that in spite of the current loss of TK (chapters 3 and 4) and a 

policy framework that awaits further effective policy-making efforts (chapter 5) there is 

also a potential for a sustainable future not only of conservation but also of applications 

of TK that have been obtained over centuries in the Bedouin community of Wadi Allaqi.  
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