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ABSTRACT 
 

Biological knowledge for citizenship rests at the nexus of two important concepts - 
scientific literacy and citizenship education. Scientific literacy, the ability to make sense 
of and hence decisions related to scientific issues, operates under the broad construct of 
c
children, from early childhood, to become clear-thinking and enlightened citizens who 

st 
centur
literate citizens to participate at multiple societal levels. At the international level, many 
of the UN Sustainable Development Goals adopted by the world community have a 
scientific grounding in biology. This suggests that global citizenship education must take 
cognizance of biological knowledge. Through the theoretical lens of scientific literacy, 
pressing biological issues of food security, nutrition, biodiversity decline, and climate 
change are discussed in the chapter, making explicit the importance of biological 
knowledge for responsible global citizenship. These issues affect citizens at the 
community and individual levels through decisions linked to matters like food waste, 
diet, body mass index, and choice of food. Various learning approaches have been used 
to incorporate these matters into science curricula, such as through real-world learning. 
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INTRODUCTION 
 

Only after the last tree has been cut down, 

Only after the last river has been poisoned, 

Only after the last fish has been caught, 

 

(Cree Indian Prophecy) 
 

We live in the 21st century during which we have become voracious consumers of 

scientific and technological products, and knowledge. These consumer habits and lifestyles 

have, unknowingly, distanced us from nature and crippled our abilities to reflect seriously on 

the consequences of our lavish lifestyles. Global issues such as climate change, mounting 

electronic wastes, obesity, emerging new diseases, and threatening food security issues are all 

evidence of a severe neglect in responsible citizenship, both locally and globally. As such, the 

wisdom reflected in the Cree Indian Prophecy is a timely reminder of the need for us to take 

stock of our current actions and situation, and think about how science education can help to 
refocus our attention on how and why we can more effectively use biological knowledge for 

responsible citizenry. 

In this chapter, we present a case to view biological knowledge from a systems 

perspective to examine current global issues and dilemma such as food security and climate 

change. Taking this stance will enable consumers of biological knowledge to appreciate the 

complexities associated with application of relevant knowledge for decision-making in a 
democratic world. We frame our discussion from the theoretical lens of scientific literacy to 

discuss the issues around: (1) food security; (2) nutrition; (3) biodiversity decline; and (4) 

climate change. The discussions in these issues are presented firstly from a general global 
perspective, followed by some specific references to the interplay between biological 

education, citizen engagement, and government policies within the small island state of 

Singapore, and our concluding remarks.  

 

 

CITIZENSHIP, SCIENTIFIC LITERACY, AND SYSTEMS THINKING 
 

Citizenship 
 

Broadly, citizenship is about a community of people coming together to create and 

reproduce political ideals and socio-cultural identities (Haas, 2001). Citizenship within a 

community carries with it both rights and responsibilities. What this means is that an 

individual within a community needs to act in ways that are socially acceptable within the 

community and work towards fulfilling the goals, values and ideals of the community. In 

return, in a democracy, the community will bestow protection and privileges to the individual. 
This delicate relationship between the individual and the community needs to be actively 

maintained so as to ensure the alignment of individual and community goals and ideals. 

In order for citizens to participate in decision-making within a community, education is 
important. Individuals need to be equipped with accurate knowledge of events happening 

around them, be able to analyze the information available and make decisions that will be 
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beneficial for the individual and the community as a whole. If we take the world as the 

community, then the decisions made will need to take into consideration the norms and ideals 
of the global community. Aligning the ideals and identity of local and global citizenship is, in 

reality, difficult to achieve since every community has its own unique set of norms. There are, 

however, some universally recognized values and common goals that the global community 

share. For example, care for nature and the physical environment around us is important since 

we have only one earth. As such, global issues such as climate change cannot be resolved by 

a single community and require the agreement and cooperation of all nations. 
 

 

Scientific Literacy 
 

When modern science was introduced to the Western world in the 1500s, the concept of 

scientific literacy followed suit. The coupling of ideals of modern science and scientific 
literacy is described by the brilliance of Francis Bacon (1620) - 

is the ultimate goal of scientific effort, to the end of equipping the intellect for a better and 

 p.441). The important role of 
scientific pursuit to improve human lives is one that is recognized by many. In more recent 

times, the need for scientific pursuit to solve environmental problems caused by human use 

and abuse of science is also becoming more crucial. Therefore, it is with great urgency that 

we examine the connection between academic science and its application to the world around 

us. Scientific literacy is more important now in education than ever before. 

Similar to the idea of citizenship, the construct of scientific literacy has also been 
subjected to debates. There are groups of people who advocate scientific literacy as an aim in 

schools as it is deemed to be a basic human right to get access to science (e.g., Organization 

of Economic Co-operation and Development (OECD), 2006). Yet, there are others (e.g., 
Fensham, 2008) who called for the notion of scientific literacy to be removed from schools 

since the concept is poorly understood and largely debated. In the midst of these intellectual 

debates, scholars have attempted to spell out the characteristics of a scientifically-literate 

person. For example, Hurd (1998) described 25 characteristics of a scientifically-literate 
individual, exemplified by descriptions such as someone who: (1) is able to recognize that 

science concepts, laws and theories are not rigid but have an organic quality; (2) is able to 

distinguish evidence from propaganda, fact from fiction, sense from nonsense and knowledge 

from opinion; and (3) uses science knowledge where appropriate in making life and social 

decisions, forming judgements, resolving problems, and taking actions. The Program for 

International Student Assessment (PISA) 2006 (OECD, 2006) presented convincing 

arguments to support scientific literacy. They argued that scientific literacy is necessary as an 

enabler for individuals to participate in this present day society where science and technology 

play a significant role. A small city-state such as Singapore is illustrative of the dependency 
of its society on science and technology. In fact, science and technology has shaped 

o shape its future (Ho, 

2015). 

The OECD highlighted the question about what scientific and technological knowledge 

citizens need to have in order to make sound decisions and contribute meaningfully to the 

democratic process. The four key areas to assess an  as 
suggested in the OECD (2006) document are: 
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 Level of scientific knowledge.  

 Understanding of the characteristic features of science. 

 Influence of science and technology in the world. 

 Willingness to engage in science-related issue as a citizen. 

 

There are other models of scientific literacy and these include one that was suggested by 

Graber et al. (2002, cited in Holbrook & Rannikmae, 2009), whereby they view scientific 

literacy as a continuum of views from subject competences to meta-competences. In their 

model, they divided scientific literacy into three key groups of competences: 
 

 What do people know? (Subject competences, epistemological competences). 

 What do people value? (Ethical competences). 

 What can people do? (Learning competences, social competences, procedural 

competences, communication competences). 
 

Similarities between the two models pertain to scientific knowledge (subject 

competences), and understanding the characteristic features of science (epistemological 

competences) while differences between the two lie largely in the grain size in which the two 

models examine traits of scientific literacy. OECD is more generic in their description 

whereas Graber et al. (2002, cited in Holbrook & Rannikmae, 2009), listed all the various 

competences to be examined. In this chapter, we have adopted a more generic model of 
scientific literacy to discuss the various issues as a more generic model will allow us to more 

effectively bring across the complexities and inter-relatedness at various levels. 

The scientific literacy of an individual is -or- Shamos 

(1995) suggested, there are three different types of literacy ranging from basic cultural 

literacy to functional literacy, to the most sophisticated, true science literacy. Cultural-literate 

individuals are able to make sense of articles written in newspapers or magazines by recalling 
factual knowledge of scientific terms that they had previously encountered. For functional 

literacy, individuals have some understanding of scientific ideas and are able to engage in 

meaningful discussions of scientific issues. At the highest level of scientific literacy, 
individuals with true science literacy know the theories of science, are aware of the major 

conceptual themes in science, and appreciate how science is practiced. In this chapter, we 

examine biological issues and comment on the level of scientific literacy to which citizens 

within different communities respond. 

 

 

Societies as Complex Systems 
 

Societies function as complex ecosystems with different individual parts interacting with 

one another. Rather than to study individual parts that form the system, systems thinking 

examines the interaction between these different parts. Studying the interactions allows for 

generation of different perspectives and solutions to highly complex and organic issues. 
Aronson (1998) suggests four areas that will benefit from using systems thinking. These areas 

 their own parts; (2) problems that recur or problems that have been 
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made worse by previous attempts to solve them; (3) issues where an action has repercussions 

on the environment in which it exists; and (4) problems where the solution is elusive or not 
obvious. As the issues that we will be discussing in this chapter exhibit the characteristics of 

complex problems (i.e., they are formed by many interacting parts and changes in each part 

will affect other parts in the system), adopting a systems thinking perspective to discuss the 

issues will enable us to present the problem in a more meaningful and realistic manner.  

 

 

BIOLOGICAL ISSUES AND RESPONSIBLE CITIZENSHIP 
 

The four issues discussed hereafter all have a foundation in biological knowledge. In this 

section, we demonstrate the need for scientific literacy in order to comprehend these issues 

and the complexities involved, and the ways in which individuals can have informed 

participation for responsible citizenship. 

 

 

Issue 1: Food Security 
 

The production of food, and its distribution, to meet the basic needs of human survival is 

one major concern that is recognized by people in all parts of the world. In fact, it is of such 

importance that the United Nations identified the eradication of extreme hunger and poverty 

as the first goal in the Millennium Development Goals in 2000 (UN Millennium Project, 

2005), where the aim was to halve the proportion of people who suffer from hunger by 2015. 
Food security was described by the Food and Agriculture Organization (FAO), United 

phenomenon with multiple dimensions (FAO, IFAD, & WFP, 

2013). As a global challenge, it has taken on new urgency since the food price spikes of 2007 
- 2008, and the realization that, moving towards 2050, the world will have to feed at least 3 

billion more people (Teng, 2015a). Not only must food production increase by about 56% 

from what it is today, but the quality of food (nutrition and safety), its accessibility, and its 

affordability all have to be guaranteed if countries are to make gains in socio-economic 

development. 

Experience over the past 50 years has shown that food security at the national level is not 

achieved simply by producing enough food to feed the population; also critical are 

and to utilize it effectively. This realization led to the FAO adopting a more holistic definition 

access to sufficient, safe and nutritious food that meets their dietary needs and food 

preferences for an act (FAO, 1996). This definition suggests that food 

security can only be achieved if the following four basic dimensions are simultaneously met: 

dimensions over time. While each dimension is necessary for overall food security, they may 
weigh in differently in a rural setting as compared with an urban setting and even across 

countries with different incomes and net food trade balances. For example, when one has no 

access to food, then utilization, or the nutritional value of food, becomes secondary. 
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As food security is multi-dimensional beyond just production, an understanding of the 

science (and technology) behind each dimension is needed for citizens to make sense of the 
issues surrounding the topic and to also make personal decisions on food purchase or 

consumption. Furthermore, as this complex nature of food security requires interdisciplinary 

and multi-sectoral knowledge, a holistic systems view needs to be conveyed so that for 

informed views can be formed. 

The first dimension of food security, availability, addresses supply-side concerns such as 

primary production of crops and animals, reserve stock or food imports. An imperative of this 
dimension is raising agricultural productivity, particularly for countries with a large 

agricultural sector. For net food-importing countries that are predominantly urban such as 

Singapore and Hong Kong, imports and reserves play a larger role (Teng & Lassa, 2016). 

Changes in supply and price of material inputs such as fertilizers and seeds affect production 

levels. External factors such as the state of agro-ecosystems, climate change and competition 

for land will change crop yields, fish catch and livestock production. Unexpected natural 

calamities such as earthquakes and typhoons destroy food crops and livestock. Food losses 
and wastage, estimated at 1,3 billion tons annually (FAO, 2011), further add pressure on food 

availability. Hence, reducing food losses and wastage is crucial in improving the efficiency of 

the food supply chain and increasing food availability. 

The second and third dimensions of food security are access to food, both physical and 

economic, respectively. Consumers, and in particular, vulnerable households, must be able to 

physically reach food supplies, whether through their own production or through the 

marketplace, and the food must be affordable. Factors that affect access include poor 

infrastructure (post-harvest, storage, processing, marketing and distribution), inadequate 

logistics for food distribution, market imperfections, and war and conflict (Teng & Escaler, 
2014). Consumers have to be educated about the long, arduous process involved in moving 

Economic access to food is important particularly to the disadvantaged sectors of society, as 

poorer consumers spend a higher proportion of their household budget on food. Managing 

economic access is key since any small increase in price can result in fewer meals a day for 

the more vulnerable sectors of society, and become a catalyst for civil disobedience. One 
science-based approach to ensure economic access is by producing surplus food through high 

yielding crops to keep prices low. 

The next dimension of food security is utilization which is typically reflected in the 
nutritional status of an individual. Utilization refers the general diversity and nutritional value 

of food as well as food safety and proper sanitation (Teng & Lassa, 2016). A household may 

have the capacity to purchase all the food it needs but it may not always have the ability to 

utilize that capacity to the fullest. There is now greater emphasis on the unique nutritional or 

health attributes of foods based on the genetic characteristics of the food ingredients. Rapid 

urbanization and rising incomes have also led to an increase in demand for high-value and 

nutritious food. Because food is commonly sourced from a distance, the development of cold 

chain infrastructure has become important to ensure the safety of food for consumption and 

preserve the nutritional value of perishable goods. Without this understanding of cold chain 

management, we find some citizens, for example, in Singapore, objecting to the purchase of 

frozen meat! 

The stability dimension underpins all the other dimensions. Stability pertains to having 

access to food at all times, even during sudden shocks (e.g., an economic or climatic crisis) 
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and cyclical events (e.g., seasonal food insecurity). Ensuring stability in availability, access 

and utilization of food has long been a central concern for national governments, as well as 
global multilateral institutions concerned with food and agriculture in recent years. 

Science has affected all aspects of food security when viewed from the perspective of the 
different dimensions discussed previously. One area in which citizens would most likely be 

aware is the food production aspect involving agriculture or aquaculture. The mode of 

farming, from subsistence to more complex and commercial food cultivation processes, as 

well as the intensity of farming have both responded over time to the demands for more food 

per unit land area, and reflect the advances in science and technology as well (Teng & 

Oliveros, 2015). The traditional small-scale, subsistence-oriented farming mode is no longer 

sufficient to keep pace with rising demand as global population increases exponentially. 

Technological breakthroughs in crop varieties as well as developments in agricultural inputs 

and mechanization have provided the means to engage in large-scale commercial farming. 

While large-scale commercialized farming sustains demand for food through higher output 

and greater productivity, criticisms persist on their ability to alleviate poverty and on their 

threats to environmental sustainability. Therein lies a conundrum - producing more food per 

unit land area requires more technological input (e.g., fertilizers and pesticides) which has the 
potential to harm the environment and yet, without this use of input, it would not be possible 

to achieve the level of production needed to feed burgeoning urban populations. 

Greater reliance on external inputs to sustain high agricultural productivity has emerged 

as an issue of concern due to its potential unsustainability and danger to the environment. In 

response to these concerns, more innovative approaches are leaning towards minimal use of 

external inputs such as resource conservation measures, minimum tillage and integrated pest 

management. Thus, farming approaches such as organic farming, which promotes low 

external inputs and stringent measures against usage of chemical fertilizers, are now very 

popular. Advances in urban farming modes and agro-technology are also critical, particularly 
for small urban city-states and net food-importing countries like Singapore (Escaler & Teng, 

2014). Overall, agricultural intensification has enabled food production to increase due to 

increases in productivity, an achievement based largely on the applications of science and 

technology. Moving forward into the 21st century, science and technology are expected to 

play key roles in innovating food production. 

The commercialization of Genetically Modified (GM) crops (developed using 

biotechnology) in 1996, has spread to over 180 million ha in 28 countries by 2015 (James, 

2015). The evidence clearly shows countries such as the U.S.A., Canada, Brazil and 

Argentina which grow biotech (GM) maize and soybeans generally have high levels of farm 

production resulting in surplus for export. Europe and Asia account for the bulk purchase of 

(Teng, 2015b). Without this surplus, these two continents would not 

have enough animal feed to produce the quantity of protein that their citizens demand. Yet, 

there continues to be much misunderstanding by citizens on the safety of Genetically 

Modified Organisms (GMOS), despite all the major scientific institutions in the world, 

including the U.S. National Academy of Science, attesting to the safety of biotech (GM) 

crops and food. The 2015-
-GM biotechnology such as CRISPR-CAS9, which have potential to 

create new crop varieties with higher yield potential and higher tolerance to biotic and climate 

stresses (James, 2015). This could be the beginning of a game-changing era in which 
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previous crop varieties produced using GM biotechnology. All this contributes greatly to 

assuring both the stability and availability of important food items for society and is based on 
modern molecular biology which is important for citizens to understand instead of fear. 

Lastly, as modern molecular biology and its affiliated biotechnology are considered by 

governments have embarked on educational programs to educate students and the public on 

the safety and potential of this aspect of biology, such as in Singapore (www.gmac.gov.sg). 

 
 

Issue 2: Nutrition 
 

Malnutrition is a global epidemic in our modern society; for the first time in human 

history, the number of overweight people is more than that of underfed people (Gardner & 

Halweil, 2000). With growing affluence in many modern societies, the concept of a balanced 

diet is being challenged, perhaps largely due to the easy access to packaged processed food. 

Concomitantly, there has been a steady increase in the prevalence of obesity, cardiovascular 

heart diseases (CHDs), and type II diabetics, resulting in heavy financial burdens on national 

healthcare systems globally. 

Nowadays, packaged food is readily available round the clock in many countries; hence, 

individuals need to know the nutritional requirements of the human body to take informed 
decisions about food choices when reading the nutrition information on food packaging 

Specifically, this means an understanding on the different types of macronutrients (i.e., 
carbohydrates, proteins, and fats) and micronutrients (e.g., vitamins, minerals, essential fatty 

acids), and their respective roles in maintaining bodily functions. With this knowledge, 

citizens should be able to appreciate that most modern-day diets are rich in macronutrients 

and more attention should be paid to the balanced consumption of micronutrients which are 

often lacking in most Western diets (Araujo et al., 2013; Storey et al., 2009). A common 
situation today is the disproportionate overconsumption of omega-6 fatty acids, which are 

commonly found in many vegetable oils, in amounts that are 15 times that of the omega-3 
fatty acids. However, the human body thrives on a much lower ratio of approximately 3:1 and 

omega-6: omega-3 ratio has been linked to many chronic diseases like CHDs and 

autoimmune diseases (Simopoulos, 2002). Recently, micronutrient deficiencies were reported 

to promote the development of diabetes (e.g., Via, 2012). 

Scientific knowledge and simple lifestyle changes can help to alleviate occurrences of 

under-nutrition which occurs mostly in developing countries where access to food is limited. 

For instance, NGO Save the Children identified that children in rural Vietnam were better-

nourished when: (1) they were fed smaller but more frequent meals; (2) their diets were 

supplemented with small amounts of shrimps or crabs collected from the rice fields; and (3) 

their caretakers were washing their hands more often before preparing meals. This way 

children get sufficient protein due to better food absorption (smaller stomachs as compared to 

adults), and are healthier due to better hygiene. Through a nutrition education program that 
explained these simple practices in light of scientific knowledge, the organization was able to 

reduce severe malnutrition in children by two-thirds in a sustained manner (Mackintosh, 
Marsh, & Schroeder, 2002). 
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The acquisition of nutrition knowledge and health literacy can take place through a 

alth authorities and even peer-reviewed 
medical articles (where abstracts are often available online). As with any of the four topics in 

this chapter, there exists a large number of opinions in cyberspace, and citizens should be able 

to select and evaluate the online information. Nevertheless, as with the diversity of the human 

activity levels, dietary preference or religious restrictions) and bodily conditions (e.g., age, 

allergies) are unique. For instance, even for the largely well-accepted Body-Mass Index 
(BMI) (Keys, Fidanza, Karvonen, Kimura, & Taylor, 1972), the optimal values are listed 

according to the gender, age classes, and even race (World Health Organization (WHO), 

International Association for the Study of Obesity (IASO), & International Obesity Task 

Force (IOTF), 2000). Therefore, it might be appropriate for the scientifically-literate citizen to 

experiment different types of diets and monitor their personal responses through multiple 

complementary metrics like BMI, percent body fat, and fasting blood glucose levels because 

no single metric provides a holistic overview of health. 
In the search for information, it is common to find conflicting pieces of information, even 

in reputable sources like peer-reviewed journal articles. This is because scientific discoveries 

are made constantly, particularly with technological advances that allow for new types of 

measurements, and our understanding inevitably improves with time. Therefore, it is crucial 

that scientifically-literate citizens constantly update their body of knowledge and remain up-

to-date. One clear example is the shift in emphasis from reducing consumption of total fat and 

saturated fatty acids in the 1980s to that of trans-fatty acids (commonly termed as trans-fat) 

and sugar today. While it was widely believed that fats, particularly saturated fatty acids, are 

to blame for the increasing prevalence of many chronic diseases like CHDs in the 1980s, 
emerging evidence showed that there is no causal link between the two (e.g., Harcombe et al., 

2015); on the contrary, mounting evidence show that trans-fat and dietary sugar may have 

larger roles in causing many chronic and metabolic diseases (e.g., Nseir, Nassar, & Assy, 

2010). In fact, artificial trans-fat was deemed to be unsafe by the U.S. Food and Drug 

Administration (FDA) in 2015 and will be banned from processed foods by 2018 (FDA, 

2015). In nature, trans-fats are rare and found in small quantities in animal products like meat 
and milk. The widespread presence of trans-fat in processed food was created via the 

industrial process of hydrogenation, whereby vegetable oils are chemically modified to alter 

the taste and texture (and thus the presence of trans-fat in Partially Hydrogenated Oils 
(PHOs)). At the same time, hydrogenation increases the flavor stability and shelf life of the 

processed food products, an outcome highly valued by food manufacturers. 

While there is greater awareness about potential health risks of processed foods and the 

benefits of whole foods, technology has undoubtedly aided in food production and food safety 

(e.g., mechanization, refrigeration, respectively); it is clear from this issue that technology can 

be a double-edged sword, creating new problems while providing solutions to some other 

problems. 

Within the scope of nutrition, the decisions made by individual citizens are generally 

those of personal-level food choices that have direct implications on their health and well-

being. However, before such food choice decisions can be made, crucial nutritional facts and 

the list of ingredients must be made displayed on the food packaging. Therefore, citizens 

should engage the regulatory authorities and food industry if such information is not readily 

available; such requests from the consumer can encourage the food industry to be accountable 
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towards the community and can have wide-reaching consequences for the industry beyond 

supply-demand relationships. Additionally, at the national level, citizens should have a 
personal responsibility to be healthy by consuming a balanced diet and not be a burden to 

national healthcare systems; that way, resources can be better utilized to enhance public 

 

 

 

Issue 3: Biodiversity Decline 
 
Anthropocene is a proposed geological timescale (specifically, epoch) for the recent era 

where humans have a profound impact on the environment. It is perhaps alarming that our 

impacts on the environment have reached an extent that it warrants the naming of an epoch to 

altering the physical environment (e.g., through mining, agriculture, harvesting), human 

activities can have indirect and unintended consequences such as pollution and global 

-reaching and the 

fact that this chapter focuses on biological knowledge, we will restrict our discussion to 

impacts on the other lifeforms on Earth (i.e., biodiversity).  

number of ecological concepts. Ecology is the scientific study of both abiotic and biotic 

(Krebs, 1972), 

and some of the ecological concepts relevant in this case study include species richness 

patterns, endemism, and extinction. 

Globally, biological life is not evenly distributed - there are more species in the tropics 

than in the temperate regions (Dirzo & Raven, 2003). Additionally, if some species are only 
found in a restricted area and nowhere else (i.e., highly endemic), these species are more 

likely to be negatively impacted by anthropogenic activities and go extinct as compared to 

wide-ranging species. By combining information on species richness and endemism, 

scientists have been able to compile biodiversity hotspots, areas where habitat loss is 

substa

(e.g., Jenkins, Pimm, & Joppa, 2013; Myers, Mittermeier, Mittermeier, Da Fonseca, & Kent, 
2000). Citizens should also be aware that species extinction is an irreversible process and the 

loss of species is permanent (at least for the time being); therefore, biodiversity conservation 

is crucial, particularly in this period where extinction rates rival those of the five prehistoric 
mass extinction events (Ceballos et al., 2015). 

But why should we care about biodiversity? For most urban places where food and other 

necessities can be easily obtained from supermarkets, it is perhaps easy to forget that the 

natural world has been a valuable resource throughout human history. In fact, up to 80% of 

the needs of the poor are derived from biological resources according to The Economics of 

Ecosystems and Biodiversity (see Kumar, 2012), and these include water, food, building 

materials, and medicine. Because it is easier to communicate about the value of biodiversity 

using a monetary value, biologists have worked together with economists to value different 

aspects of biodiversity (e.g., de Groot et al., 2012; Pearce & Moran, 1994), and the most 

notable example is valuation of ecosystem services - the economic benefits arising from an 

intact ecosystem (Mace, Norris, & Fitter, 2012). Ecosystem services encompass a wide range 

of services and can be divided into four broad categories: (1) provisioning (e.g., food, water, 
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fiber); (2) regulating (e.g., water quality, floods, diseases); (3) cultural (e.g., recreational, 

aesthetics, spiritual benefits); and (4) supporting services (e.g., pollination, soil formation, 
nutrient cycling) (Millennium Ecosystem Assessment, 2005b). Naturally, the monetary value 

of services will depend on factors like productivity - the total value of ecosystem services 

There is also emerging evidence that proximity to nature offers benefits to human health and 

well-being (e.g., Hartig & Kahn, 2016; Sandifer, Sutton-Grier, & Ward, 2015; WHO & 
Convention on Biological Diversity (CBD), 2015).  

Besides understanding about the importance of biodiversity, it is also necessary for 

citizens to be aware of the direct drivers of species extinction in the Anthropocene. While the 

previous five mass extinctions were believed to have been caused by runaway global 

warming/cooling triggered by volcanic eruptions and/or impacts of large asteroids, the current 

one is driven by human activities (Barnosky et al., 2011; Ceballos et al., 2015). Currently, the 

recognized direct drivers of species extinction include the following anthropogenic activities: 
(1) land cover change (e.g., deforestation, habitat fragmentation); (2) overexploitation (e.g., 

hunting, fishing); (3) introduction of invasive alien species (i.e., non-native species that cause 

harm to native biodiversity, including disease-causing agents); (4) nutrient loading (e.g., 

pollution); and (5) climate change (Millennium Ecosystem Assessment, 2005a; Sodhi, Brook, 

& Bradshaw, 2009). Due to the high degree of connectedness of species in ecosystems, the 

extinction of particular species can have knock-on effects on other species that have strong 

interacting relationships with the extinct species; well-documented ecological phenomena that 

demonstrate such relationships include co-extinction of pollinators and the plants that rely on 

these specific pollinators to reproduce (Koh et al., 2004), and trophic cascades with 
landscape-wide changes after the disappearance of top predators (Estes et al., 2011; Pauly, 

Christensen, Dalsgaard, Froese, & Torres, 1998). 

With complexities arising from the myriad interactions between species, the systems 

thinking perspective is an appropriate way to examine the issue of biodiversity decline 

because such an approach requires one to explicitly consider potential interactions and 

feedback loops within the ecosystem. Within the context of drivers of species extinction, the 
systems thinking perspective allows citizens to appreciate that the drivers are not mutually 

exclusive and can often act together synergistically in nature on individual species (e.g., 

Brook, Sodhi, & Bradshaw, 2008). However, there is a lack of ecological data in many 
instances (e.g., for understudied groups like nocturnal species and scavengers) and that limits 

the data input phase into the systems thinking framework for an accurate and comprehensive 

understanding. Furthermore, conservation biology is an interdisciplinary subject that involves 

not only ecological knowledge, but also many social sciences such as economics, psychology, 

and political science (e.g., Laurila-Pant, Lehikoinen, Uusitalo, & Venesjärvi, 2015); this 

further complicates the analyses and formulation of solutions to achieve the aims of 

biodiversity conservation. Thus, with a proper understanding of biodiversity decline and 

conservation, citizens can also appreciate the limitations of scientific knowledge and the 

Nature of Science. 

In furthering our understanding on this complex issue of biodiversity decline, scientific 

and technological developments have undoubtedly played an important role; successful 

applications of incorporating technology into conservation include the development of next-

generation (or high-throughput) sequencing for detecting genetic material of endangered 
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species, the miniaturization of Global Positioning Satellite (GPS) tags to track the movement 

of a wider variety of animals, and the use of high-resolution satellite imagery and drones for 
remote sensing of the landscape. Additionally, science and technology have enabled both new 

statistical approaches and powerful computing processors to analyze large and complex data 

sets and identify useful trends. However, it is perhaps paradoxical that it is also technological 

advances (albeit intended to improve the living conditions of human societies) that have made 

large-scale unprecedented land cover change and overexploitation of species possible in 

recent decades. Therefore, the citizen should be able to recognize that technology is neither 
inherently good nor bad, and that technology can bring about unintended side effects (i.e., 

Nature of Technology). 

The decisions that a well-informed citizen makes with regards to biodiversity 

conservation issues range from personal-level choices to community-level discussions on 

public policies. As a responsible member of the global community, the citizen must also 

recognize that the implications of his/her personal actions can extend across broader spatial 

and temporal scales. In this modern-day world of globalization and international trade, 
personal choices such as the purchase of endangered flora and fauna (regardless whether dead 

or alive, or whole or in parts) will likely affect harvesting or hunting rates of those species at 

their natural habitats; prominent examples include pangolin scales for traditional medicine 

(Zhou, Zhou, Newman, & Macdonald, 2014), elephant tusks for ornamental purposes (Stiles, 

2004), and sharks fin as a delicacy (Clarke, Milner-Gulland, & Bjørndal, 2007). Furthermore, 

since species extinctions are irreversible, the global citizen should have a broader perspective 

resources for future generations. 

Because the natural world provides many of the resources used by mankind, it is 
inevitable that many of our daily decisions concerning consumption can be linked to 

biodiversity conservation. The range of products that are implicated include timber, food 

crops, bush meat, traditional medicine, and perhaps more importantly, the suite of processed 

items containing oleochemicals (i.e., chemical compounds derived industrially from animal or 

vegetable oils/fats), such as shampoo, lipstick, margarine, chocolate, and detergent. Since it is 

difficult for the average consumer to trace the sources of all ingredients, there exists a variety 
of eco-labelling or certification schemes that aim to assess the environmental impact of 

products (e.g., Forest Stewardship Council for wood and paper products, Roundtable on 

Sustainable Palm Oil, Singapore Green Labelling Scheme) (Pattberg, 2005; Schouten & 
Glasbergen, 2011). However, citizens should be aware that there are some criticisms against 

the various certification schemes and be able to make use of available information to make 

informed decisions. Last but not least, citizens should have a concern for issues related to 

biodiversity decline and must be willing to engage their community and politicians about 

these issues; it is through such actions that globally-oriented citizens can influence the way 

the world operates with regard to biodiversity decline. 

 

 

Issue 4: Climate Change 
 

advance and retreat (Savin, 1977). However, the current rate of climate change is considered 

to be unprecedented in modern times, with the year 2015 having reached a record on heat and 
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extreme weather events (World Meteorological Organization (WMO), 2016). While there 

may have been debates on the main causes of the observed climate change around the turn of 
the millennium, an overwhelming majority (~ 97%) of climate scientists now agrees that this 

phenomenon is caused by human activities (Cook et al., 2016). Additionally, this view is 

shared by 197 scientific organizations worldwide, including leading organizations such as 

The Royal 

Office of Planning and Research, 2011). In fact, The Intergovernmental Panel on Climate 

Change (IPCC), a scientific body under the auspices of the United Nations (UN), asserts that 
 

Unlike climate scientists and experts who deal with climate data on a daily basis, much of 

the general public will need to acquire knowledge on a number of scientific concepts in order 

. First of all, it is necessary for the global 

 global warming, first coined by Wallace Broecker (1975), specifically refers to the 

and other changes associated with the rising temperature (e.g., changes in weather patterns, 

sea level rises, biodiversity responses, etc.). Therefore, it should be clear that climate change 

is a broader term and global warming is a subset of climate change. 

Next, the global citizen needs to understand the biological carbon cycle (c.f. geological 

carbon cycle); this is because global warming is due to rising levels of greenhouse gases 

(GHG) (IPCC, 2007) and a number of these gases that warms the planet are part of this 

biological carbon cycle. All living things on Earth are made up of complex molecules which 

are carbon-based; these organic molecules are found in the food we eat, the wood of forests, 

fossil fuels (e.g., coal, crude oil, methane), and many others. There are also inorganic forms 
of carbon and these include the carbon dioxide that we release upon respiration and dissolved 

bicarbonate ions in the oceans. The inorganic carbon dioxide is utilized by photosynthetic 

plants to manufacture organic molecules in the presence of sunlight; these organic forms are 

then used by the rest of the lifeforms on Earth for growth, sustenance, and reproduction. Put 

simply, the biological carbon cycle is the flux of carbon between inorganic and organic forms 

that supports life on Earth. In the natural biological carbon cycle, a sizeable proportion of 
carbon is stored as fossil fuels, which are formed in geological timescales when organisms die 

and undergo anaerobic decomposition. Since the Industrial Revolution (year 1750), 

anthropogenic emissions due to combustion of carbon-based fuels (e.g., fossil fuels and 
wood) have resulted in alarming carbon release rates that are unprecedented for the past 66 

million years (Zeebe, Ridgwell, & Zachos, 2016). Carbon-based GHGs such as carbon 

dioxide and methane prevent the escape of heat energy from Earth into space, thereby causing 

an increase in atmospheric temperature. 

While it may be obvious that global warming and its associated changes will alter the 

physical conditions of the planet (e.g., melting of polar ice caps and glaciers that lead to sea 

level rises, ocean acidification), it is necessary to know that climate change also has profound 

impacts on biological lifeforms. The direct impacts range from faster life cycles and expanded 

distribution in insects (of which, many are human disease vectors and agricultural pests) (e.g., 

Kraemer et al., 2015; Morin, Comrie, & Ernst, 2013), alteration in flowering and fruiting 

schedule in plants (i.e., phenology) (Körner & Basler, 2010), increased susceptibility to 

droughts and heat stresses in plants (including agricultural crops) (Allen et al., 2010), loss of 

photosynthetic algae (zooxanthellae) during coral bleaching events (Hughes et al., 2003), to 
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increased frequencies of harmful algal blooms (Hallegraeff, 2010). Additionally, these 

changes often have strong knockoff effects on many other organisms through ecological 
interactions (e.g., Jentsch & Beierkuhnlein, 2008; Parmesan, 2006; Walther et al., 2002), and 

humans are clearly not immune from such negative consequences since climate change 

influences food production and human health to a strong extent (e.g., McMichael, Woodruff, 

& Hales, 2006; Rosenzweig, Iglesias, Yang, Epstein, & Chivian, 2001). 

The last relevant concept is that of carbon footprint, which can be 

of the total amount of carbon dioxide and methane emissions of a defined population, system 
Wright, Kemp, & Williams, 2011, p.69). Such a concept allows for the objective 

assessment and comparisons of goods, services, individuals, and even countries for planning 

and decision-making by individuals, organizations, and governments when combating climate 

change. 

However, even though the body of scientific evidence available regarding climate change 

is clear and mounting, public engagement remains low and most people view climate change 

as an issue that is non-urgent and psychologically distant (van der Linden, Maibach, & 
Leiserowitz, 2015). This is most likely due to the mismatch in the spatial and temporal scales 

. Unlike an event such as deforestation 

or forest fire, the cumulative effects of carbon-based emissions since the Industrial 

Revolution is building far too slowly for the lay person to notice and is occurring at too large 

a spatial scale that is relevant to most individuals (Moser & Dilling, 2011; van der Linden et 

al., 2015). As we are concerned with the relevance of biological knowledge in this book 

chapter, we will only focus on concepts with biological relevance. This is not to say that the 

complex issue of climate change only revolves around biology; on the contrary, many other 

disciplines (e.g., climatology, oceanography, anthropology, economics, and psychology) have 
important roles in enhancing our understanding and mitigating the effects of climate change. 

With its multidisciplinary nature and its far-reaching impacts, climate change is clearly too 

complex to be dealt with using traditional approaches and the systems thinking perspective 

can be highly applicable here (Falkowski et al., 2000). 

Once equipped with the necessary biological knowledge, the concerned global citizen can 

then make informed decisions on many aspects of modern living. By viewing decisions in 
terms of the associated carbon footprint through readily-available calculators on the internet 

or smartphone applications, individuals can make conscious efforts to reduce their carbon 

footprint or even participate in carbon offsetting in their everyday lives; decisions could be as 
simple as incorporating more plant-based food in the diet since meats generally have a higher 

carbon footprint, choosing public over private transportation modes, and buying local produce 

as opposed to imported ones. Beyond these individual-level decisions, citizens should 

actively engage in community and national discussions pertaining to climate change to 

influence the wider community practices and formulation of national policies (e.g., material 

recycling and greater renewable energy integration in power grids). 

 

 

SINGAPORE S PERSPECTIVES 
 

Located at the southern tip of the Malay Peninsula in Southeast Asia, with an area of 

approximately 719,1 km2, Singapore supports a population of about 5,5 million; hence, there 



The Relevance of Biological Knowledge for Citizenship 17

is little land available in the highly urbanized country for agriculture and nature reserves. 

There are also no natural resources such as natural gas or minerals found in the country, and 
Singapore strives on a largely knowledge-based economy.  

Food security for Singapore 

- self-production in six agro-

technology parks of vegetables, eggs and fish, imports via trade from over 60 countries, 

stockpiles of rice, and overseas contract farming. Overall, Singapore imports about 90% of its 

food and grows about 10% of the three types of food mentioned above (Escaler & Teng, 
2014). In engaging citizens and politicians, the issue of food waste as part of the food security 

equation has been equally important in Singapore, and aligns to a global trend in recognizing 

the importance of losses and waste in the modern food supply chain. In fact, food wastage 

amounts to 785 million kg in 2015 (National Environmental Agency, 2015), and a 

signification proportion of this wastage results from cosmetic filtering, the process of 

choosing the most attractive food, at every stage and source of food (Low, Aw, & Chen, 

2010). Recognizing the importance of education in responsible citizenship, the Singapore 
government expanded a public campaign on reducing food waste to mainstream schools 

(Boh, 2015).  

Like most developed countries, Singapore faces the issue of growing obesity in school 

educated on nutrition, calorie control, and participated in physical exercise to encourage 

weight loss. By 2002, the TAF program succeeded in reducing the obesity rate among school 

children from 14% to 9,8%. In 2007, TAF was replaced by the Holistic Health Framework 

(HHF) with a revised focus to develop the physical, mental, and social health of all school 
children. The HHF involves a combination of comprehensive and relevant formal and non-

formal curricula to promote holistic health. Because childhood obesity is likely to persist into 

adulthood, the health and education ministries intentionally targeted such concerted efforts at 

school children to inculcate healthy living at a young age (Ministry of Health, 2016).  

Since the founding of modern Singapore in 1819, Singapore has lost about 90% of its 

original habitats and about 50% of its animal species. Singapore signed the Convention on 

 in 2009 by National Parks Board (NParks), aims to 

promote biodiversity conservation via a pragmatic and holistic approach (NParks, 2010). One 
of the key strategies in the Action Plan was to enhance education and public awareness 

(public seminars, roadshows, etc.). Both knowledge and awareness are pre-requisites for 

action. Hence, one of the actions detailed in the Action Plan was to incorporate elements of 

biodiversity conservation into the curricula of all levels of education in Singapore. At the 

same time, in the Singapore Elementary and Lower Secondary science curricula, the young 

citizens are introduced to systems thinking based on themes (e.g., Systems, Cycles, Diversity, 

Interactions) as opposed to learning by disciplines.  

Singapore citizens are continually reminded that they live just one-and-a-half degrees 

north of the equator by the hot humid climate. This results in the ubiquitous use of air-

conditioning; coupled with the high density of car ownership, the per capita carbon emission 

is about 2,66 tones of carbon (COTAP, 2010). As a low-lying city-state, Singapore is 

cognizant of its vulnerabilities to the effects of climate change, particularly rising sea levels. 

Although Singapore is among the best 20% of countries in terms of emissions intensity (i.e., 
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carbon emissions per dollar GDP), an inter-ministerial committee was tasked to formulate the 

National Climate Change Strategy in collaboration with the private and education sectors to 
further 

Climate Change Secretariat, 2012). Additionally, at the community level, there is a growing 

urban farming movement in Singapore, possibly a result of catering to the increasing demand 

by society for sustainably-  

Through these issues, it is evident that Singapore recognizes the importance of biological 

knowledge in many pressing modern issues and takes steps to encourage scientific literacy 
and active citizenry through the formal education system whenever possible. Besides 

education, the Singapore government also actively engages with the citizens in policy making 

processes through weekly Meet-the-People sessions at the grassroots level, public 

consultation sessions conducted by the various national agencies, and larger-scale initiatives 

such as Our Singapore Conversation in 2013; such active engagement provides avenues and 

opportunities for informed citizens to influence domestic decisions and policies.  

 

 

Figure 1. Every individual counts. The upward spirals represent how individual choices and actions 
have an impact on the local community, which in turn can affect the policies and practices with a 
country and finally international relations. The downward spirals represent the magnified effects of 
global issues and problems on individual lives. 

 

CONCLUSION 
 

The pluralistic accounts of the factors that contribute to the present state of our 

environment point to need for education at different levels. Unique contextual limitations, 
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restricted access to an information and other forms of resources are possible reasons for 

taking different stance on issues related to food security, nutrition, biodiversity decline, and 
climate change. One key commonality, however, stands out in the midst of the diversity of 

views - availability and accessibility of accurate and current biological knowledge to aid 

sound decision-making from individuals to governmental levels. With proper education, 

individuals and communities can learn about the science behind the decisions that they make 

every day and how these decisions in turn will impact the country and the larger global 

community (see Figure 1). In short, the framework of systems thinking needs to be 
incorporated in the school science curriculum as well as in resources for public education. 

Science teaching in schools should move away from teaching a collection of isolated, 

obscure pieces of information to helping students see the relationships between different 

information that they are biological aspects since the issues are highly connected; for 

instance, a decision as simple as reducing the amount of food intake for individuals in 

developed countries can help with food security, body health, reducing the land pressure for 

agriculture and thus, reducing land use conversion, and even reducing carbon footprint and 
combating climate change.  

Informed individuals will form a citizenry that will be able to engage in public debates on 

issues related to science taught. In fact, bios made concerning an issue can often have 

consequences on other Policy makers, and governments will no longer be able to convince 

citizens with superficial and self-serving policies. An educated citizenry, we argue, will form 

the primer for more responsible governments. The strong interlinks between understanding of 

biological knowledge, government policies, improving lives and restoring the state of our 

environment is fundamental and cannot be ignored. 
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