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Preface 

 
 
The ICERI2024 Conference Proceedings contain the papers presented at the 17th annual 
International Conference of Education, Research and Innovation. This conference was 
held in Seville from the 11th to 13th of November 2024.  

This annual conference was attended by educators, researchers and technologists from 
more than 70 countries with the purpose of networking with other professionals and 
sharing their knowledge about education, pedagogical technologies, and educational 
innovations. To fulfil this goal, networking activities, plenary sessions, parallel thematic 
sessions, and networking activities and workshops were offered. Keynote speeches were 
delivered by global educational experts. You can see their talks at IATED Talks: 
https://iated.org/talks/.  

ICERI2024’s scope was focused on the topics listed here: Pedagogical Methods and 
Innovations, Technology in Teaching and Learning, Inclusive Learning, Special 
Education, Emerging Technologies in Education, International Cooperation, Teacher 
Training and Educational Management, Curriculum Design, Accreditation and Quality 
in Education, University-Industry Cooperation and Open Educational Resources.  

The ICERI2024 International Program Committee is composed of lecturers and 
researchers from across the world. A blind peer review process was followed to ensure 
the quality of the final publication. During this process, the following criteria were 
evaluated: content relevance, clear structure, clarity, originality, and alignment with the 
conference topics and disciplines. 

As IATED strives to guarantee high technical and professional quality of the 
publications, and that good practice and ethical standards are maintained, all authors 
included in this publication signed the copyright transfer agreement. More information 
about our publication ethics is available at: https://iated.org/publication_ethics. As 
always, we wish to extend our most sincere thanks and best wishes to all members and 
delegates who have contributed to the ICERI2024 Conference Proceedings. 
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KNOWLEDGE ABOUT BIOECONOMY: AN EXPLORATORY STUDY 
WITH AFRICAN HIGHER EDUCATION STUDENTS 

M.I.B. Ribeiro1,2, A.I.R. Fernandes3, A.P.R. Fernandes4, A.J.G. Fernandes1,2 
1Instituto Politécnico de Bragança, Centro de Investigação de Montanha (PORTUGAL) 
2Instituto Politécnico de Bragança, Laboratório Associado para a Sustentabilidade e 

Tecnologia em Regiões de Montanha (PORTUGAL) 
3Universidade do Minho, Escola de Direito (PORTUGAL) 

4Universidade do Porto, Faculdade de Ciências (PORTUGAL) 

Abstract 
Bioeconomy is seen as a means and an end to achieving sustainability encompassing the social, 
environmental, and economic spheres, with a scientific framework based on technological innovations 
that increase social well-being through promoting and disseminating knowledge. In this context, this 
research aimed to examine African higher education students' understanding and level of knowledge 
about Bioeconomy. Effectively, they will be the ones who will act as qualified labor for sustainable and 
biotechnological development, and they will be the future leaders of nations. To this end, a quantitative, 
cross-sectional, and descriptive study was developed based on a questionnaire applied to 407 African 
higher education students between April and May 2022. A non-probabilistic sampling was chosen for 
convenience, as this is an exploratory study. The questionnaire was created on the Google Forms 
platform and subsequently published on the researchers' social networks: Facebook, Twitter, Instagram, 
and WhatsApp. The questionnaire was organized into two sections. The first section contained 
questions that allowed the characterization of the student. The second section included 16 statements 
with 3 possible answers, namely “True,” “False,” or “I don’t know”. Questions identified correctly were 
assigned 1 value, and those selected incorrectly or “I don't know” were assigned 0 values. Then, the 
level of knowledge was classified as follows: (1) 0-19%: very insufficient; (2) 20-49%: insufficient; (3) 
50-69%: sufficient; (4) 70-89%: good and (5) 90%-100%: very good. The sample included students of 
five nationalities, namely Cape Verdean (50.9%), Guinean (20.1%), Santomean (14.0%), Angolan 
(11.8%) and Mozambican (3.2%). The majority of students came from rural areas (88.0%), were female 
(56.0%), and lived in a household consisting of, at most, 4 members (69.3%) with a household income 
of less than 705 euros/month. Although the sample includes students from 74 institutions located outside 
or in Portuguese territory, most were undergraduate students at the Instituto Politécnico de Bragança 
(65.8%). The results showed that all respondents knew the term “Bioeconomy” (51.1%). The terms 
related to Bioeconomy known by the largest number of respondents were “Recycling economy” (53.1%) 
and “Green economy” (52.3%). The least known term was “Linear economy” (36.1%), followed by the 
terms “Sharing economy” (38.8%) and “Ecoeconomy” (46.9%). The level of knowledge about 
Bioeconomy was insufficient. Considering the respondents' nationality, it was found that the level of 
knowledge was higher and sufficient among Mozambicans and lower and insufficient among Angolans. 
The distribution of respondents by level of knowledge was as follows: 25.6% very insufficient, 22.4% 
insufficient, 36.4% sufficient, 15.5% good, and 0.2% very good. Regarding the students' opinion on the 
process of replacing fossil resources with renewable ones, favoring the transition to a sustainable 
Bioeconomy, on a scale from 1 (absolutely against) to 7 (absolutely in favor), the average recorded was 
5.29 (SD = 1,596). In the present study, respondents of Mozambican nationality were more favorable to 
the process than respondents of Santomean nationality, followed by Guineans, Cape Verdeans, and 
Angolans. Gaps in students' knowledge about Bioeconomy were identified, which can and should be 
addressed by higher education institutions. 

Keywords: Bioeconomy, Knowledge, Higher Education, Students, Sustainability. 

1 INTRODUCTION 
Bioeconomy is seen as a means and an end to achieving sustainability encompassing the social, 
environmental, and economic spheres, with a scientific framework based on technological innovations that 
increase social well-being through promoting and disseminating knowledge [1]. It involves the production, 
use, conservation, and regeneration of biological resources, including knowledge, science, technology, 
and innovation, to provide sustainable solutions (information, products, processes, and services) within 
and between all economic sectors and enable a transformation towards a sustainable economy [2]. 
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Sustainability is a current issue triggered by environmental disasters caused by human actions that put 
life on the planet at risk. Therefore, it is urgent to harmonize conflicts between the economic, 
environmental, and social spheres by rescuing ancient knowledge from traditional communities and 
developing clean and innovative technologies capable of mitigating the impacts of human actions while 
generating financial returns and social well-being. Furthermore, there has been a growing demand for 
products that cause less socio-environmental impact, resulting from increased food activism, concerns 
about food safety and quality, waste reduction, concern for traditional communities and farmers, criticism 
of the current economic model, and notions of conscious and political consumption, leading to a 
reorientation of Bioeconomy strategies aimed at meeting the new demand driven by more conscious 
consumers. At the same time, these social changes are prompting more significant attention to the 
Bioeconomy, establishing it as an agent of “social transformation” [3] necessary to develop alternative 
directions in post-industrial society.  

The concept of Bioeconomy is associated with changes in sustainable development and involves 
transitions in production and consumption within systems [4]. Researchers identified three main visions 
for the Bioeconomy [5, 6]:  

1 The biotechnology vision that prioritizes economic growth and job creation;  
2 The bioresources vision that benefits environmental sustainability and economic growth through 

bio-based production;  
3 The bioecology vision that prioritizes environmental sustainability, to the detriment of the 

economic (economic growth) and social (job creation) spheres. 

The Bioeconomy offers the opportunity to achieve more sustainability by adopting new approaches to 
deal with future challenges [7]; it is a transversal perspective on social transformation towards long-term 
sustainability and the confinement of the non-renewable Economy [8]. Based on innovation and 
knowledge generation from biotechnology, the replacement of fossil resources with renewable ones, the 
reuse of waste, bioecology, and the valorization of ecosystem services, the applications of the 
Bioeconomy cover several areas, namely, human and animal health, agriculture, industry, informatics, 
cosmetics, energy, and engineering. It is increasingly prominent in international debates and is also 
cataloged as a strategy for economic differentiation in reducing waste generation and combating hunger 
and climate change [3, 5, 9].  

Bioeconomy is considered by numerous scientists, politicians, and managers as a means of achieving 
sustainability, as the Economy depends on nature. The Environment and the Economy must be 
balanced in the same equation, neither reducing economic action to a mere mechanism nor nature to 
just a source of raw materials. However, for the Bioeconomy to be widely incorporated, it must have 
broad social acceptance as the people who will make it happen, especially the young people of the 
current and future generations. Thus, higher education plays a crucial role in a successful transition of 
the Bioeconomy, especially in strengthening competitiveness and creating jobs to promote its 
development [10]. The skills (knowledge) acquired by students play an essential role in a context of 
change [11], capable of diversifying economies in a sustainable way and ensuring the participation of 
all, especially young people [12]. The coupling of the concept of Bioeconomy with innovation, known by 
the slogan “Knowledge-based Bioeconomy” [3], is proof that knowledge is essential to achieve the 
desired degree of innovation. In other words, the concept of Bioeconomy is strongly linked to economic 
development and growth centered on investments to increase economic competitiveness [3]. 

Although African countries are in the early stages of developing bioeconomies, they are part of a growing 
global movement that seeks to build more sustainable production and consumption practices. Africa is 
abundant in natural resources, which, combined with its young, dynamic, and educated population, 
rapidly expanding scientific knowledge, and growing digitalization, provides the continent with the 
opportunity to reinvigorate progress towards meeting its continental and global development 
commitments and also leapfrog towards developing a sustainable Bioeconomy. In this regard, African 
countries can leverage biological knowledge and resources to deliver products, processes, and services 
that optimize social, economic, and environmental benefits and achieve social prosperity [13]. 

In this context, this research aimed to examine African higher education students' understanding and 
level of knowledge about Bioeconomy. Effectively, they will be the ones who will act as qualified labor 
for sustainable and biotechnological development, and they will be the future leaders of nations. 
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2 METHODOLOGY 
To achieve this objective, a quantitative, cross-sectional, and descriptive study was developed based 
on an adapted questionnaire [1], which was applied between April and May 2022 to higher education 
students who met the following inclusion criteria:  

1 Attended a higher education degree;  
2 Were between 18 and 28 years old;  
3 Were africans.  

A non-probabilistic sampling was chosen for convenience, as this study was exploratory [14]. To collect 
the data, a questionnaire was created on the Google Forms platform and subsequently published on 
the researchers' social networks: Facebook, Twitter, Instagram, and WhatsApp. The questionnaire was 
organized into two sections. The first section contained questions that allowed the respondent's 
characterization, namely, nationality, the environment in which they live (rural or urban), gender, age, 
household size, number of household dependent members, monthly net income of the household, and 
higher educational institution attended. The second section included 16 statements with 3 possible 
answers, namely, “True,” “False,” or “I don’t know”. A question identified correctly was assigned 1, and 
a question selected incorrectly or “I don't know” was assigned 0. Then, to classify the level of knowledge, 
a qualitative scale was used, applying the following classification:  

1 0-19%: very insufficient;  
2 20-49%: insufficient;  
3 50-69%: sufficient;  
4 70-89%: good; 
5 90%-100%: very good. 

Later, the data was analyzed using IBM SPSS Statistics version 29 software. The data analysis involved 
descriptive statistics as a sample characterization technique and students’ knowledge assessment. This 
included the calculation of a central tendency measure (mean) and a dispersion measure (standard 
deviation), as well as the calculation of absolute (n) and relative (%) frequencies [14]. 

The confidentiality of the information collected was ensured, as well as the anonymity of the students 
according to Law 58/2019 on the Protection of Personal Data. Also, in order to participate in the study, 
the students had to consent and agree with the research procedures. 

3 RESULTS AND DISCUSSION 
As mentioned before, the questionnaire was disseminated online, and 407 valid responses were 
obtained. The sample included respondents of five nationalities, namely Cape Verdean (50.9%), 
Guinean (20.1%), Santomean (14.0%), Angolan (11.8%) and Mozambican (3.2%). Of the total number 
of respondents, the majority came from rural areas (88.0%), were female (56.0%), and were part of a 
household consisting of, at most, 4 members (69.3%). Most households' monthly income was less than 
705 euros/month. Although the sample includes students from 74 institutions located outside or in 
Portuguese territory, most students attended a higher education degree at the Instituto Politécnico de 
Bragança (65.8%), a Portuguese higher education institution, as shown in Table 1. 

Table 1. Socioeconomic characterization of the sample (n = 407). 

Variables Categories 
Frequencies 

n % 
Gender Female 

Male 
228 
179 

56.0 
44.0 

Nationality Cape Verdean 
Guinean 
Santomean 
Angolan 
Mozambican 

207 
82 
57 
48 
13 

50.9 
20.1 
14.0 
11.8 
3.2 
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Household size 1 person 
2 people 
3 people 
4 people 
> 4 people 

102 
40 
49 
91 
125 

25.1 
9.8 
12.0 
22.4 
30.7 

Household income level 
(euros) 

< 705 
705 - 1410 
1411 - 2115 
2116 - 3525 
> 3525 

260 
89 
32 
17 
9 

63.9 
21.9 
7.9 
4.2 
2.2 

Number of household 
dependent members 

None 
1 person 
2 people 
3 people 
> 3 people 

134 
86 
76 
50 
61 

32.9 
21.1 
18.7 
12.3 
15 

Higher education 
institution  

Instituto Politécnico de Bragança 
Other 

268 
139 

65.8 
34.2 

Provenance Rural 
Urban 

358 
49 

88.0 
22.0 

Age 18 to 22 years old 
> 22 years old 

213 
194 

52.3 
47.7 

The results showed that 51.1% of the students knew the term “Bioeconomy” (Figure 1). Similar results 
were obtained in a study [7] which included Brazilian students (53.2%). In another study, which included 
1400 students from forestry engineering and silviculture from 9 European countries [15], the authors 
found that 66% of students knew the term. The proportion of students who knew the term was slightly 
higher in another study [16], reaching 70%. However, other study found that only 32% of students in 
Poland were familiar with the term [17]. The study involving 367 students from the Technical University 
of Zvolen (Slovakia) and the Czech University of Life Sciences in Prague (Czech Republic) [18] identified 
significant differences between the different course curricula. However, the main source of information 
on Bioeconomy issues was the university course attended, followed by the news. Czech students were 
less satisfied with the Bioeconomy content as they considered it insufficient. 

 
Figure 1. Knowledge about the term Bioeconomy. 

The terms related to Bioeconomy known by the most significant number of students were “Recycling 
economy” (53.1%) and “Green economy” (52.3%). The least known term was “Linear economy” (36.1%), 
followed by the terms “Sharing economy” (38.8%) and “Ecoeconomy” (46.9%), as shown in Figure 2. 

Yes
51.1%

No
48.9%

3964



 

 

 
Figure 2. Familiarity with terms related to Bioeconomy. 

The level of knowledge recorded about Bioeconomy was negative (Mean = 43.67; SD = 7.456). Taking 
into account the nationality of the students (Table 2), it was found that the level of knowledge was higher 
and sufficient among Mozambicans (Mean = 50.00; SD = 29.536) and lower and insufficient among 
Angolans (Mean = 40.89; SD = 31.632).  

Table 2. Level of knowledge about Bioeconomy according to nationality on a scale from 0 to 100. 

Nationality n Mean Standard deviation (SD) 

Mozambican 13 50.00 29.536 

Angolan 48 40.89 31.632 

Cape Verdean 207 43.06 27.105 

Guinean 82 47.26 27.465 

Santomean 98 41.67 24.587 

Global 407 43.67 7.456 

The distribution of respondents by level of knowledge about Bioeconomy was as follows: 25.6% very 
insufficient, 22.4% insufficient, 36.4% sufficient, 15.5% good, and 0.2% very good (Figure 3). 

 
Figure 3. Level of knowledge about Bioeconomy. 

The Top-5 statements about Bioeconomy correctly identified by the students were: “Bioeconomy is a 
concept of sustainability” and “The Bioeconomy's principles are sustainability and innovation”, both 
recording 60.0%. In third place, the statement “The Bioeconomy is a strategy for achieving the 
Sustainable Development Goals” was correctly identified by 59,2% of the students. The fourth place 
with 58,7% of correct answers was “The Bioeconomy involves the use of renewable resources to 
produce new products”. Finally, the fifth place, with 57,0%, was the statement, “The Bioeconomy is 
considered a new type of economy based on knowledge and innovation” (Figure 4). 

36.1%

38.8%

46.9%

52.3%

53.1%

Linear economy

Sharing economy

Ecoeconomy

Green economy

Recycling economy

Very insufficient
25.6%

Insufficient
22.4%Sufficient

36.4%

Good
15.5%

Very good
0.2%
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Figure 4. Statements about Bioeconomy correctly identified by respondents. 

Regarding the students' opinion on the process of replacing fossil resources with renewable ones, 
favoring the transition to a sustainable Bioeconomy, on a scale from 1 (absolutely against) to 7 
(absolutely in favor), the average recorded was 5.29 (SD = 1,596), as shown in Table 3. 

Table 3. Students' opinions about replacing fossil resources with renewable by nationality. 

Nationality n Mean Standard deviation (SD) 

Mozambican 13 5.50 1.698 

Angolan 48 5.40 1.947 

Cape Verdean 207 5.37 1.457 

Guinean 82 5.17 1.678 

Santomean 98 5.00 1.634 

Global 407 5.29 1.596 

27.5%

28.7%

35.4%

37.6%

38.3%

39.1%

39.8%

43.5%

50.6%

52.8%

53.8%

57.0%

58.7%

59.2%

60.0%

60.0%

The bioeconomy is considered a sustainability transformation
in which biological resources, biotechnologies, knowledge and

principles are replaced by fossil resources.

The concepts bioeconomy and ecoeconomy are synonymous.

The bioeconomy can incorporate circular economy projections.

The bioeconomy uses biotechnology, chemistry, engineering
and biorefinery, with the aim of mitigating the adverse effects of

the capitalist production and consumption model.

The bioeconomy demotes sustainable consumption and
environmental awareness.

The bioeconomy focuses on the use of crops as “renewable 
industrial raw materials to produce biofuels, biopolymers, 

chemicals, among others. 

The bioeconomy replaces natural resources with fossil
resources.

When applied, bioeconomy knowledge promotes
environmental degradation.

The bioeconomy is linked to beliefs that reflect environmental
concern and pro-environmental behavior.

The bioeconomy includes all sectors and systems that depend
on biological resources (animals, plants, microorganisms and

derived biomass, including organic waste, systemic…

Bioeconomy is an economic model based on life sciences.

The bioeconomy is considered a new type of economy based
on knowledge and innovation.

The bioeconomy involves the use of renewable resources to
produce new products.

The bioeconomy is a strategy for achieving the Sustainable
Development Goals.

The bioeconomy's principles are sustainability and innovation.

Bioeconomy is a concept of sustainability.
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These results corroborate the findings of a study developed in the German population [1]. In the present 
study, students of Mozambican nationality (Mean = 5.50; SD = 1.698) were more favorable to the 
process than respondents of Santomean nationality (Mean = 5.00; SD = 1.634), followed by Guineans 
(Mean = 5.17; SD = 1.678), Cape Verdeans (Mean = 5.37; SD = 1.457) and Angolans (Mean = 5.40; 
SD = 1.947), as shown in Table 3. 

4 CONCLUSION 
This research aimed to assess the level of knowledge about Bioeconomy of African higher education 
students. The students were from five countries with the Portuguese language, namely Cape Verde, 
Guinea, Sao Tome, Angola, and Mozambique who attended a higher education degree at the Instituto 
Politécnico de Bragança, a Portuguese higher education institution. The majority were female, from rural 
households with, at most, 4 people who lived with a monthly income of less than 705 euros/month. 

Most students knew the term “Bioeconomy,” but their level of knowledge about Bioeconomy was 
negative. However, they favor the transition to a sustainable Bioeconomy, that is, replacing fossil 
resources with renewable ones. Also, it was found that the students’ level of knowledge was insufficient. 
Considering their nationality, the level of knowledge was higher and sufficient among Mozambicans and 
lower and insufficient among Angolans. These gaps in students' knowledge about the Bioeconomy can 
and should be addressed by the higher education institutions. In fact, targeted communication about the 
Bioeconomy to students and the general public is key to its acceptance and successful development 
and implementation [18]. One of the main barriers to greater inclusion of young people in the 
Bioeconomy lies in current education systems, which do not sufficiently support the development of a 
workforce with interdisciplinary skills [12]. 

This study presents some limitations, namely, (1) the use of a non-probabilistic sample for convenience 
does not allow the generalization of the results to the population; (2) the descriptive character of the 
study and the use of univariate statistics does not allow the study of the association between variables; 
(3) the cross-sectional design of the study gives a static image of the studied topic in a particular moment 
in time. For these reasons, future research should use a probabilistic sample, allowing the extrapolation 
of the results to the population; the use of bivariate and/or multivariate analysis to better analyze the 
phenomenon to study; and, if possible, develop a longitudinal study to examine the phenomenon in a 
more dynamic way, that is, considering the time factor. 
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