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ABSTRACT 

 

This is an introduction to Connectalism: a new paradigm for analyzing human choice. Connectalism is 

rooted in systems thinking and humanistic psychology. It melds together ancient and modern wisdoms 

about humans’ awareness of their interconnectedness within the networks they belong to (e.g. the 

Biosphere). Basic motivation for the concept and postulates are introduced, with implications for the 

Sustainability debate. The key analytical tool to operationalize the examination of decision frameworks 

is Functional Dependency Network Analysis (Garvey & Pinto, 2009). We then work through a simple 

application of this approach to the COVID-19 pandemic. 
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I. Introduction 

 

In spite of the harm caused by the 2020 COVID-19 pandemic, one positive side effect of this 

monumental health crisis might be a greater awareness among humans of our interconnectedness with 

each other and nature.2 As the crisis evolves, we are witnessing a change in mental attitudes and 

behaviors at the planetary level, in response to the incontrovertible message that each person’s well-

being critically depends on others’ well-being.  

Like in the case of the COVID-19, a sudden expansion of awareness of our interconnectedness might 

be thrown upon us by the occurrence of a natural catastrophe, which exposes the level of reliance we 

have on economic, societal, ecological and other networks or systems. But, whether such an awareness 

is generated by extreme external events or by a pre-existing understanding of our interdependencies 

through cultural heritage, there is currently no comprehensive framework in Decision Sciences for 

understanding how such awareness affects human decisions and choices. In this article, I introduce a 

new paradigm for human choice based on the notion that the framework for any decision process 

depends on how aware humans are of their interconnectedness within the various networks they belong 

to. I call this paradigm Connectalism. 

The rest of the article is organized as follows. In section II, we explore the concept of networks and how 

awareness of connectedness has been assessed thus far in relations to networks. In section III, we map 

out a correspondence between the awareness of connectedness, networks and human needs. Section IV 

introduces the concept of Connectalism. Section V looks at refining our notion of awareness in light of 

the sustainability debate. In Section VI, we examine human choice from the perspective of Connectalism 

based on Functional Dependency Network Analysis (Garvey & Pinto, 2009). In section VII, we develop 

a simple application to the COVID-19 pandemic. Section VIII discusses alternative models. The final 

section contains a discussion of the relevancy of this paradigm and our conclusion. 

 
II. Networks and Awareness of Connectedness 

The introduction of digital social networks in the late 1990s transformed the scope and meaning of 

human relationships. People can nowadays initiate and nurture relationships without having to be in 

physical contact with one another, which happens to be a boon in situations when people are confined 

as is the case with the COVID-19 pandemic. 

In 2019, 3.5 billion people were using social media daily, or about 45% of the world population 

(Emarsys, 2019). Around the world and as a general trend, individuals spend a larger portion of their 

time communicating ubiquitously via electronic devices rather than in face-to-face contacts with the 

people living in their immediate vicinity. On average, people spend more than 3 hour and a half on social 

networks and messaging every day (Globalwebindex, 2018).3 

In the political sphere, virtual social networks enabled a new type of activism, as witnessed in the case 

of the Arab Spring revolution of 2011. And although social media did not cause the upheaval in North 

Africa, they altered the capacity of citizens to organize as communities of interests and impact domestic 

politics. Online activists created a virtual trans-national community and circulated information on 

contentious issues, which could not otherwise be openly discussed on main-street (Brym et al., 2014). 

Whereas virtual social networks are less than two decades old, the need to connect is deeply rooted in 

the human psyche. The urge for connectedness is one of the basic motivating principles that underlie 

social behavior (Smith and Mackie, 2000). Destroyed by an eruption of Mount Vesuvius in A.D. 79, 

Pompeii was a city where "wall-posting" (graffiti) was commonplace long before the advent of 

                                                           
2 As of the writing of this article, the pandemic has touched all countries and territories in the world with more 

than 3.5 million cases and 250 thousand deaths, and these numbers are still rising (Worldometer, 2020). Naturally, 

there have been severe pandemics in the past, like the Spanish flu of 1918 and the bubonic plague (in the mid-

1300), and at this point in time, we still do not know what the total cost of this latest health crisis will turn out to 

be in terms of human lives. The bubonic plague wiped out one-third and the Spanish flu 3% of the world’s 

population. (Source: Wikipedia). 
3 With the social distancing measures in the wake of the COVID-19 pandemic, home usage of telecommunication 

devices increased by 38% year-to-year by comparing March 2020 vs. March 2019. (Source: Statista 

https://www.statista.com/statistics/1106863/covid-19-daily-in-home-data-usage-change-us-2020/).  
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Facebook. Viitanen et al. (2012) draw a close comparison between these ancient displays and our 

modern social media. They contend that Pompeii residents intended to reveal their social networks 

through graffiti drawn on actual walls. 

At a root level, real-life social networks may have evolved as a basic survival strategy for our species. 

Fowler et al. (2009) for instance, show that the structure of social networks is more accurately captured 

via genetic interactions than with existing sociological or economic models of networks. Social networks 

may also have evolved as a device for sustaining cooperation. In their Nature magazine article Apicella 

et al. (2012) map out the relationships among 205 hunter-gatherers in Tanzania, living in remote 

communities that resemble those that existed 10,000 years ago. The team finds that those tribesmen who 

contribute more to the common good are more likely to be friends with other cooperative people. These 

connections form clusters that are often near the center of social networks. 

Obviously, there are many kinds of networks beyond mere social networks. Examples of all-

encompassing networks defined by biologists and system theorists are the ecosystem (Tansley, 1935), 

the biosphere (Vernadsky, 1920), the Gaia Hypothesis (Lovelock & Margulis, 1974) and the A-Field 

(Laszlo, 2003, 2004). One primordial network humans are connected to is nature. In many indigenous 

cultures, nature is conceptualized as a web of interconnected relationships and is experienced as such in 

everyday life. In the Web of Life (Capra, 1996), Capra writes “Deep ecological awareness recognizes 

the fundamental interdependence of all phenomena and the fact that, as individuals and societies, we are 

all embedded in (and ultimately dependent on) the cyclical processes of nature.” (Capra, 1996: 6). And 

later, “ln other words, the web of life consists of networks within networks.” (Capra, 1996: 35). 

Shepard (1982) argues that our species' awareness of its connectedness to nature began fading when 

man began domesticating plants and animals about 12,000 years ago. The emergence of mechanized 

urban life during the 19th century industrial revolution, the arrival of virtual-reality media and of de-

localized supply chains in the 20th century, all were factors that contributed removing a great part of 

humankind from direct contact with nature, with the disruptive effects that we are now witnessing. These 

experiences are in deep contrast with what humans and their ancestors had previously known for several 

hundred thousand years. 

The divide we are experiencing today in our societies is between a logic of separateness from and 

ensuing exploitation of nature vs. the realization that our life on Earth is one of many life forms, and 

that humans live alongside other species rather than in dominion over these (Adams, 2010). This divide 

reflects the nature-society dualism currently present in western ideologies (Hamilton, 2002; Latorrea & 

Malo-Larreab, 2019). 

Found in the Judeo-Christian Old Testament is the injunction that man is to be nature’s caretaker, as 

God is said there to entrust man with that stewardship responsibility. In a classic piece of environmental 

activism, Lynn White (1967) argues that the root of the modern environmental crisis is a distorted 

interpretation of this stewardship principle. Man's ego drives him to want to subdue and over-exploit 

earth's resources. But, as was pointed out by Francis Bacon (1620) four centuries ago, “The only way to 

command nature is to obey it.” (Bacon, 1620: Book 1, Aphorism 3). Bacon is indeed inviting us to regain 

our senses and remind ourselves of the true balance of power between man and nature. 

While it is a logical truism that everyone's existence ultimately relies on mother nature's provision of 

life-sustaining resources, this simple acknowledgement does not mean that we have subsumed this 

notion into a conscious and actionable awareness of our interconnectedness with nature. At some level, 

such awareness requires a mental construct of the web of biological processes we are the tributaries of. 

But, most of us have very little knowledge of the intricacy and complexity of these interactions, even if 

modern science and our educational systems are attempting to enhance our understanding of these 

processes.4 

The notion that entire cultures have nursed their younglings with the worldview that they are deeply 

interconnected with the animal and plant kingdoms is quite foreign to many of us living in the so-called 

technologically developed parts of the world. Being physically close to a natural environment may of 

course help develop that capacity. The direct reliance on the Earth's manna by hunter-gatherers is a great 

motivation for humans to learn about the processes by which food is replenished. Hence, direct 

                                                           
4 In December 2002, the United Nations General Assembly adopted a resolution to designate the ten years from 

2005 to 2014 as the United Nations Decade of Education for Sustainable Development. These efforts may still be 

insufficient to avert a major human-generated catastrophic global climate change. 
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experiential knowledge encourages the development of a sense of connectedness with nature (Folke, 

2004). 

Many native/indigenous people around the world have kept on transmitting their deep held belief of our 

human connection to nature from one generation to the next. In Australia, the Aborigines hold at the 

core of their being an understanding of spiritual, human and natural connectedness. This concept is 

called the ‘Dreaming’ (Fryer-Smith, 2002) by westerners, which can be better translated in its original 

meaning as ‘originating from eternity’ (Stockton, 2000). It is the basis of all aspects of life. The 

Dreaming incorporates celestial bodies, spirit beings, totems, animals, plants, hunting, technology, 

people, relationships, social organization, mythology, languages, songs and dance, rituals, art, land, 

territorial rights and sacred objects (Stockton, 2000). It is the concept that binds Aboriginal culture to 

the Aboriginal people and has anchored their way of existence. 

This holistic connectedness and interdependence is also present in many Native American cultural 

traditions. The image of North American Indians as first ecologists, conservationists, and 

environmentalists, emerged in popular culture in the 1960s. In the Lakota Sioux tradition, people’s 

notion of relatedness is embodied in the term mitakuye oyas’in, which means ‘all of my relatives.’ This 

word, which is central to Lakota spirituality and is used to close every prayer, refers to everything that 

is, has been, or ever will be created (Bowen, 2005). 

The Yup'ik people live in southwestern Alaska. Yup'ik are hunter-gatherers. Their awareness of 

connection is embodied in the Yup’ik concepts of Ellam-iinga, the eye of awareness; ellanaq, the 

process of becoming aware; and ellangneq, awarenesss of consequences (Hazel & Mohatt, 2001; 

Mohatt, Hazel, et al., 2004; Mohatt, Rasmus, et al., 2004). Yuuyaraq, or ‘the way of the human being’ 

is a related Yup’ik concept that promotes living in harmony with the natural environment because land, 

water, heavens, animals, and plants are viewed as spiritual entities (Napoleon, 1996). These concepts 

suggest that connectedness is a prosocial value associated with Native American cultural worldviews. 

Hart (2000) points to the recent tendency that western peoples appear to be moving away from ‘hyper-

individualism’, with its narcissistic absorption in self, toward an other-centered “ecological awareness 

that recognizes our interconnectedness with nature” (Hart, 2000: 37). It is likely that this phenomenon -

-if sustained and amplified-- will facilitate a turning towards an awareness of the role of other species 

and living systems and a corresponding framework for making decisions. 

 

III. Mapping out Awareness of Connectedness, Networks and Human Needs 

In this section, I establish a series of basic postulates linking together the notions of awareness of 

connectedness to what I define as ‘generic’ networks and the interplay between this awareness and the 

evolution of human needs. The analysis takes place at the individual level, but it is fully consistent with 

the emergence of group consciousness. 

Postulate 1: Awareness of interconnectedness is an evolutionary dimension of human consciousness. 

For each generic network an individual belongs to, there exists the potential for that individual to achieve 

a holistic awareness of his/her interconnectedness with all other entities participating in that network.5 

There is a myriad of networks around us. Networks may overlap with other networks, or contain or be 

included in other networks. For example, the popular LinkedIn network may overlap both with 

professional and personal relationships networks. Postulate 1 states that there exists a one-to-one 

mapping between levels of awareness and networks. 

First, we identify and define generic or threshold networks. 

Definition 1: Generic (threshold) networks are those that are generally common to all human beings. 

Generic networks are nested into each other. These are: 1) the family, 2) relationships network, 3) society 

at large, 4) nature and last 5) the universe. (See Figure 1 below). 

The need for connectedness is widely recognized in psychology. Interactions often have an affective 

dimension in the sense that we can feel varying degrees of connectedness with the other (Colombetti & 

Torrance, 2009). Adler's (1998) concept of social interest refers to an individual's attitude and 

relationship to society, or ‘social connectedness’. Social connectedness is a strong contributor to mental 

health. In China for instance, Guanxi literally means ‘connections’ or ‘relationships’, and can be 

                                                           
5 To first clear out any possible misunderstanding, Postulate 1 does not say that individuals will always achieve an 

awareness of interconnectedness within all the networks they are part of. 
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compared with the idea of networking in the West. But, it usually goes much further in terms of 

developing and nurturing the relationship through social exchanges and favors which must be repaid 

later in time. 

Much of this notion of connectedness can be traced back to the Confucian belief that an individual is 

always part of a network or group, be it family, work or socially orientated. Anchored in Confucianism 

is the moral obligation always to act so as to contribute to the harmony and balance of one‘s social 

context, which thus treats the social rather than the individual person as primary (Kasulis et al. 1993; 

Ruiping, 1999). A person’s identity is inextricably linked to their network and is rarely treated on an 

individual basis (which would be considered selfish). This nurtures a strong sense of belonging (Yeung 

& Tung, 1996).  

Beyond the need for connectedness or relatedness, there is also the issue of how much awareness people 

have of their connection to networks that exist beyond the ego-"me" focused personality. With Postulate 

1, we bring this issue to light by asserting that each threshold levels of awareness of connectedness is 

associated with a distinct category of generic network.6 

Several researchers have inquired about the degree of connectedness that individuals feel in various 

settings. Mayer and Frantz’s (2004) Connectedness to Nature Scale assesses a sense of oneness with the 

natural world. The Nature Relatedness Scale was developed by Nisbet, Zelenski and Murphy (2009) 

and assesses individual differences in people’s appreciation for and understanding of our 

interconnectedness with all other living things on the earth. The Allo-Inclusive Identity Scale (Leary, 

Tipsord, & Tate, 2008) is another example and addresses the extent to which nature is incorporated into 

one’s identity. 

Mohatt et al. (2011) were the first to develop a multidimensional construct called the Awareness of 

Connectedness Scale (ACS). The ACS includes items that assess the individual’s sense of connectedness 

in relation to their self, family, community, and the natural environment. The ACS assesses 

connectedness as evidenced by the degree to which a person endorses the view that they exist in a web 

of reciprocal relationships. These scales, and in particular the ACS scale, are useful tools that can help 

us identify the level of perceived connectedness that individuals face with any given generic network. 

This next postulate links up states of awareness of connectedness with human needs. 

Postulate 2: A level of awareness of interconnectedness corresponds to a given step in the pyramid of 

fundamental human needs. Once an individual reaches a level of awareness, this awareness cannot 

regress back down to lower levels as long as his/her material circumstances are not drastically hampered 

and the individual remains mentally healthy. On the other hand, levels of awareness can be skipped 

(upward), and thus with it, the corresponding steps of needs. 

Corollary 2.1 (Weak prepotency of needs and awareness inertia) Higher-level individual needs may not 

activate as long as basic needs are not satisfied first. Therefore, it is more difficult --but still possible-- 

to achieve higher levels of awareness of connectedness when lower-step needs are not fulfilled on a 

consistent basis. Unfulfilled lower-step needs can lead to a regression in awareness. 

Postulate 2 and its corollary are about the interplay between various levels of awareness and the category 

of needs that an individual finds essential. For each to each concentric circle (generic networks) there is 

a corresponding level of awareness that is in turn uniquely associated with a step in the 

pyramid/hierarchy of needs. (See Figure 1 below). 

 

 

 

 

 

 

 

 

 

                                                           
6 It is worth pointing out that the representation of generic network adopted here mostly serves as a general 

metaphor for developing our core concepts. This analysis can be extended to smaller, overlapping and intertwined 

networks. In that case, it is just a matter of defining corresponding levels of awareness of interconnectedness 

associated with these particular networks. 
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Figure 1: Human Needs, Networks and Awareness System 

 
 

 

 

The hierarchy of needs is ordered as follows. We have: 1) physiological needs and need for safety and 

love, 2) the need to belong, 3) the need for appreciation (for self and from others), 4) the need to serve 

and make a difference and 5) the need to become self-realized and being a co-creator. Figure 1 shows 

how the various defined generic/threshold networks are superimposed with the pyramid of human needs.  

Our classification of human needs closely resembles that of Maslow (1943) and Barrett's (2010). 

Maslow (1943) was the first to formally propose a hierarchy of human needs. Maslow favored a 

humanistic rather than a mechanistic view of psychology. He argued at the time that psychology focused 

too much on pathologies and not enough on the noble values and higher aspirations of man. His 

humanistic psychology integrates concepts like consciousness, purpose and values.7 

Maslow conceived of a hierarchical arrangement of perennial fundamental needs. At the bottom of this 

hierarchy are biological/physiological needs. The second level consists of the safety needs, including 

security, stability and protection. At the third level are the belongingness and love needs. These relate 

to the longing for acceptance and relationships. Fourth are the esteem needs, which include the desire 

for strength, achievement, mastery and competence, as well as the desire for reputation, prestige, status, 

and self-importance. The fifth level is self-actualization. It refers to the desire for self-fulfillment, 

                                                           
7 Maslow’ hierarchy has been widely criticized. Wahba and Bridwell (1976) concluded that the evidence for the 

hierarchical order of the needs proposed by Maslow is sparse. Hofstede (1984) asserts that the hierarchy is steeped 

in ethnocentricity and does not account for differences in the cultural needs of societies and their unique social and 

intellectual needs. Nevertheless, the pyramid still finds echoes across cultures, even though the prepotency order 

may differ. Tay & Diener (2011) find that meeting these needs is indeed linked to well-being across a sample of 

123 countries. People living in poverty might have trouble meeting their needs for food and safety. However, these 

individuals still sometimes reported feeling loved and supported by the people around them. Meeting the previous 

needs in the hierarchy was not a prerequisite for people to meet their love and belonging needs. 
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namely, to the tendency for a person to actualize his/her potential. In a later work, Maslow (1969) added 

a sixth level: that of self-transcendence. These people are candidates for so-called peak experiences; that 

is, spontaneous, ecstatic, or unitive states of consciousness akin to mystical experiences widely reported 

and highly valued over past millennia and in many eastern and western cultures. 

Barrett (2010) altered Maslow's model to focus on consciousness rather than needs. Barrett argues that 

even though from an outsider perspective someone's need may be materially fulfilled, in actuality, the 

subconscious mind may continue to fuel that need. For instance, some people may seek to fulfill a need 

for achievement, which leads them to accumulate more money, even though by all accounts they are 

already externally wealthy. 

Barrett accounted for Maslow’s self-actualization category by splitting it according to transcendental 

consciousness sub-levels such as internal cohesion, and aspirations for service and making a difference.8 

In Barrett's analysis, the concept of need he works with can be assimilated to an objective need, whereas 

his depiction of consciousness strongly resembles that of a psychological need. Viewed under that light, 

Barrett's approach is closer to Maslow’s than his presentation leads us to believe, because Maslow's 

higher needs are mostly identifiable with psychological needs. 

Consistent with Maslow's own approach, our pyramid gives a representation of ‘positive’ needs or non-

pathological needs. Pathological needs arise as a compensation for unfulfilled positive needs.  An 

example of a pathological need would be the need for self-aggrandizement. The need for self-

aggrandizement may come as a result of a perceived lack of love or belonging. Maslow (1943) for 

instance states “Some neurotic adults in our society are, in many ways, like the unsafe child in their 

desire for safety...”, “…Their reaction is often to unknown, psychological dangers in a world that is 

perceived (emphasis added) to be hostile, overwhelming and threatening.” (Maslow 1943, reproduced 

in Greenberg, 2000: 9). Thus, the search for fulfillment of pathological needs tends to keep the individual 

stuck at low awareness levels. 

In our framework, awareness of connectedness is not separate from needs, in contrast with Barrett's 

approach. The reason is as stated in Corollary 2.1 above. A new state of awareness is contingent on 

preceding positive needs in the hierarchy being fulfilled, even partially. Once the new state of awareness 

is achieved, this in turn, conditions the manifestation of a new need that matches that awareness level in 

the hierarchy. 

In our pyramid, we have combined Maslow's two lowest levels of needs into the same category. We also 

consider the need to be loved as fundamental as physiological needs. Hence, we put it in level 1. The 

need to belong we identify at level 2, which corresponds to Maslow's level 3 but preserves the same 

logic of relationships circles. At level 3, we prefer using the word appreciated, which has a more positive 

connotation than esteem (Maslow's level 4). The quest of self-esteem may imply a pathological need. In 

our case, appreciation is conferred by one's self-image and through the way others see us. Similar to 

Barrett, we split Maslow's level 5 of self-actualization into the need to serve other human beings and 

perhaps nature as well (our level 4) and a need to be self-realized (level 5). The latter is akin to Maslow’s 

(1969) self-transcendence category or a state of spiritual enlightenment associated with state of bliss 

often referred to as unity-consciousness (Targ & Katra, 1999). 

We agree with Maslow that depending upon the individual and cultures, there are exceptions to 

describing archetypal needs via a ‘rigid’ hierarchical structure. For instance, while lower needs may 

have been fulfilled in the past, those needs may resurface with a change in personal life circumstances. 

There is no contradiction with the fact that an individual achieved a high level of awareness and fulfilled 

higher needs prior to such event. 

We also concur with Maslow that “as for the concept of emergence of a new need after satisfaction of 

the prepotent need, this emergence is not a sudden, salutatory phenomenon but rather a gradual 

emergence by slow degrees from nothingness.” (Maslow, 1987: 54) and that “Individuals will be 

‘partially satisfied and partially unsatisfied’ in all their needs and the ordering will then be on the level 

of the needs’ prepotency” (Maslow, 1943,: 395).  

Regarding the shifting of awareness levels, another possible scenario, is an ephemeral incursion into 

higher levels of consciousness. Peak experiences may happen to some people, for example when 

communing with nature. But, these experiences are fleeting and may not become anchored as new states 

                                                           
8 Essentially, re-creating levels 5 and 6 in Maslow (1969).  
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of awareness. Indeed, peak experiences range from rare intense mystical encounters with life-

transforming consequences to more common non-sustained experiences (Davis, 1998). 

 

IV. Introducing Connectalism 

A quarter of a century ago, Capra (1996) argued that the Cartesian/Newtonian paradigm, which still 

dominates science today, had reached an epistemological dead-end. The main reason for this is the 

reductionist analytical approach generally followed by classical Western science, which sets out to study 

phenomena by first breaking them into sub-units of analysis. The belief there is that it is simpler to grasp 

a complex phenomenon by first focusing on deciphering how its basic components work. The great 

shock to twentieth-century science has been to rediscover that in most instances, the essential properties 

of the parts of a system can only be inferred from the emergent and thus irreducible properties of the 

larger whole. 

When the Cartesian/Newtonian mechanistic model first emerged, it already had its contemporary 

detractors in the persons of Leibnitz and Spinoza. In these competing philosophical systems, we owe to 

Spinoza the perspective that parts of the universe interrelate, forming an organic cosmos, rather than an 

accidental arrangement of interlocking parts (Weed, 2007). This view influenced the evolution of 

ecological thinking. For example, in developing the idea of ‘deep ecology’ Naess (1973) draws 

particularly on Spinoza’s holistic, non-dualistic view of the world that challenged Descartes’ 

mechanistic philosophy. 

Systems thinking originated with biologists. Inasmuch as the study of biology essentially comprises a 

study of systems, the encounter of systems thinking with biology was particularly fruitful (von 

Bertalanffy, 1933, 1968). Systems thinking turned into a branch of applied mathematics with the works 

of Jay Forrester in the mid-1950s (Forrester, 1979). This approach endeavors to study how parts of a 

system/network interacts with others and to conceptualize nature, economies and societies at large as 

collections of interwoven networks.9 Let us now introduce the main concept developed in this article: 

 

Connectalism is a paradigm for analyzing human choice based on the premise that 

an individual (or group) choice/decision framework is strictly conditioned by how 

much awareness that individual (or group) has of the interconnectedness that exists 

within each generic network they belong to. 

 

Connectalism is founded on systems thinking in the sense that human choice is postulated to depend on 

the network/system that humans partake into. In other words, Connectalism espouses the view that 

individual decisions must be contextualized and can only be understood within the larger context of 

networks and not from the standpoint of the individual treated as a separate and autonomous part of an 

ecological/biological/economic/cultural system. With Connectalism, we propose a particular way to 

integrate systems thinking into decision sciences. Our approach is fundamentally holistic (Jackson, 

2006). Connectalism holds the following tenets: 

 Awareness of interconnectedness is an evolutionary dimension of human consciousness. (Postulate 

1 above).  

 A level of awareness (of network connectedness) has a corresponding step on the pyramid of needs. 

In other words, a current state of awareness is a catalyst for human needs reconfiguration from lower 

states. (Postulate 2 above). 

 The fulfillment of lower (past) needs conditions a current state of awareness. (Corollary 2.1 above). 

Finally, we assert that there is a link between awareness of connectedness and human choice, based on 

a mediating factor, i.e. the hierarchy of needs introduced above. 

                                                           
9 Generally speaking, systems science focuses on the developmental processes of systems thinking, theory and 

application and include various specialized frameworks such as general systems theory and various particularized 

systems theories like systems analysis, systems engineering, systems dynamics, cybernetics, etc… (Schoderbek et 

al., 1975). Leischow et al. (2008) described how systems thinking was for instance used by public health agencies 

to effectively minimize the risk of the H5N1 Avian influenza (birdflu). 
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Postulate 3: A given step on the pyramid of needs determines a level of awareness of connectedness 

and a set of perceived possible choices and constraints, which is then associated with a corresponding 

decision-making framework. In other words, a given level of awareness frames human choices via the 

agency of human needs. 

It is worth noting that in Connectalism, the relationship between needs and human choice is crucially 

important. It has been pointed out before that yet-to-be fulfilled needs are a primary motivator for choice 

and actions (Maslow, 1943; Seeley, 1992). In economics, generally defined as the science of choice in 

the face of scarcity, individual preferences and the utility function are the fundamental apparatus used 

to analyze individual choices. At least since the 1950s, the definitions of utility and preferences were 

purposefully voided of psychological underpinnings. As Houthakker states “[t]he conventional theory 

is not interested in the origin of preferences, but only in their consistency.” (Houthakker, 1961: 726).  

This was not always the case. For instance the father of Marginalism, Carl Menger, defined his concept 

of utility as “the capacity of a thing to serve for the satisfaction of human needs” (Menger, 1871, III.1).  

There is indeed a long history within economics of hierarchical, needs-based approaches to consumption 

(Drakopoulos & Karayiannis, 2004). Alfred Marshall, one of the early theorists of the current 

consumption model, proposed a hierarchy of needs (Drakopoulos & Karayiannis, 2004; Haines, 1982) 

closely resembling and anticipating Maslow’s (1943). 

Recently, there has been a plea in the field for breaking the black-box status of preferences, endowing 

it with a needs-based motivational approach (Kaus, 2013, Chai and Moneta, 2012; Moneta and Chai, 

2014; Barigozzi and Moneta, 2016). In our framework, we acknowledge the necessity to reconnect the 

notion of needs with that of choice. It seems natural that choices be conditioned by levels of awareness. 

In turn, awareness cannot just be just by-product of an hedonistic utility/satisfaction measure absent of 

any prepotency of needs referential.10 Putting together our previous postulates, Connectalism is 

articulated along the following logical chain: 

 

CONNECTALISM 

 

A Generic Level of Awareness 

≡ 

The Realization of Connectedness within a Generic Network 

 

A Step on the Pyramid of Needs 

 

A Frame for Decision-Making/Choices 

 

V. Self-Interest, Sustainable Development and Awareness Appraisal 

In this section, I analyze the concepts of self-interest and sustainable development through the prism of 

Connectalism.  This leads us to refine our concept of awareness of connectedness. We follow a 

simplified narrative about the two sides in the climate change debate to elicit an important condition for 

any level of awareness to be critically appraised.  

 

 

a. Narrow vs. Enlightened Self Interest and Sustainable Development 

People living in western-style economic systems are fundamentally growing up in societies where self-

interest is a dominant value. Self-interest has been invoked as a justification for a particular type of 

social behavior since the birth of Capitalism in 18th century Great Britain. It is a motivating factor based 

on an anthropocentric, self-centered and often materialistic worldview (Ikerd, 1999; Sachs, 2012).  

                                                           
10 For instance, assuming that awareness would be rising based purely on utility levels does not work, since high 

utility levels can be reached for all sorts of activities that might be considered extremely self-centered (addictions, 

exploitative, etc…) and thus do not reflect a very high level of connectedness awareness. 
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With the help of a clever play on words, Daly and Townsend (1993) literally turn on its head one of the 

most iconic phrase in the history of economics: “Adam Smith's invisible hand leads private self-interest 

unwittingly to serve the common good. The invisible foot (emphasis added) leads private interest to kick 

the common good to pieces.” (Daly & Townsend, 1993: 34). In the text, they refer to negative 

externalities, but this particular metaphor is also applicable to rent-seeking and other parasitic behaviors 

found in our economies. 

What I will refer to here as ‘narrow’ self-interest (NSI) manifests outwardly as greed and a type of 

psychopathic/parasitic behavior and logic that tends to commoditize people and the environment for 

wealth accumulation ends (Ikerd, 1999). It reifies social bonds and exchanges and treats them as 

commercial transactions. Nature is a commodity to be privately owned, used, and traded (Leopold, 1949; 

Sandel, 2012). 

It is undeniable that over the past two centuries, economic growth has boosted standards of living mostly 

in Western economies and more recently in several Asian countries. However, consider the impact 

economic growth has had on the Earth since the 1950s with its by-products of pollution, climate change, 

species extinction, growing economic inequalities and armed conflicts over ownership of natural 

resources. The annual net primary productivity (NPP) of the biosphere, i.e., the amount of matter fixed 

by photosynthesis is about 243 billion metric tons of dry plant biomass per year (Source: 

http://www.physicalgeography.net/fundamentals/chapter9.html). 

Humans appropriate one quarter to one third of global terrestrial potential net primary production. 

Human usage affects about 60 to 85% of forests and 70 to 90% of other natural ecosystems. Human land 

use has caused about a 14% drop in global biodiversity (Haberl et al., 2014). The vast majority of expert 

scientists have nowadays established a strong case indicating that man's activities do indeed contribute 

to climate change. In July 2005 the heads of eleven influential national science academies (from Brazil, 

Canada, China, France, Germany, India, Italy, Japan, Russia, the United Kingdom, and the United 

States) wrote to the G8 leaders warning that global climate change was "a clear and increasing threat". 

The world’s scientists now understand what native people have known for thousands of years; i.e. that 

the biosphere is a self-regulatory ‘living’ system. 

Given the environmental footprint left by humans since the industrial revolution, we increasingly face 

the threat of major climatic perturbations. Once feedback loops are triggered, catastrophes we once 

thought as improbable such as bigger and stronger hurricanes, extreme weather phenomena and 

pandemics have now become the new norm with its environmental costs and economic breakdowns 

(Michel-Kerjan & Morlaye, 2008). 

How does the pressure of environmental catastrophes and/or resources depletion and come into play in 

our approach? Certainly, these situations must impact any decision-making frame. For example, 

following Malthus' (1798) thesis that the lack of (food) resources eventually curtails population growth, 

it would then appear reasonable that as the time of reckoning approaches, the frame for human decision-

making becomes shaped by these survival constraints.11 In such situations, new decisions and choice 

sets arise independently of the type of awareness that brought these circumstances about. In other words, 

a concurrent state of awareness is conditioned by binding basic material constraints or unfulfilled basic 

needs. That case is indeed covered by our Corollary 2.1. 

Daly and Townsend (1993) distinguish between a true steady-state, in which resources and population 

achieve a stable self-sustainable level, vs. failed-growth, where the global economy crashes to a 

catastrophic albeit stable state, after overshooting resources use. While we cannot fully characterize the 

mindset leading to resources overuse, it is still true that this outcome is consistent with a NSI frame of 

decision, as exemplified in the process leading to the tragedy of the commons (Hardin, 1976; Ostrom, 

2008). 

NSI-type individuals may further envision a scenario of increased competition for resources, which leads 

them for example to consider warfare as the only option for maintaining access to these scarce resources. 

Nevertheless, a level of awareness corresponding to NSI and unbridled exploitation of natural resources 

                                                           
11 Thomas Malthus predicted in 1798 that population would grow at a geometric rate while food production 

increased at an arithmetic rate. In spite of the common criticism that Malthus predicted an outcome that never 

came to pass, John Stuart Mill for instance sided with Malthus’s analysis in his Principles of Political Economy of 

1848, written at a time when Europe was struck by the Cholera pandemic of 1829–1851 and the famines of 1845–

1851. 

http://www.physicalgeography.net/fundamentals/chapter9.html
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was only viable as long as there was a vast stock of pristine environmental capital that can be carelessly 

exploited. Once the environmental capital is irreversibly destroyed or exhausted, this type of awareness 

leads to our own species' demise. 

The road to sustainable development à la Daly and Townsend (1993) may be rationally mapped out by 

a type of awareness identified with a profoundly felt interconnectedness of humans and the rest of the 

biosphere. This alternate frame for decision-making corresponds to what I refer to as enlightened self-

interest (ESI).12 This awareness can be associated with the western conservation, preservationist and 

green movements, which have all integrated some of the natives' wisdom in their political platforms and 

philosophies. In the East, we find a resurgence of the dictums of sustainability, originating from ancient 

Chinese traditions (Shi et al., 2019). In line with ESI, sustainable management and development methods 

and green governance are being practiced more and more around the world (Folke, 2004) culminating 

so far in the United Nations (UN) holding a “summit on Sustainable Development” and passing the 

2016–2030 Global Sustainable Development Goal (SDGs) in September 2015 (Li et al., 2018). 

 

b. Sustainability and Deep Awareness in Connectalism 

How does narrow self-interest fit into Connectalism? NSI is consistent with a limited level of awareness 

of connectedness that is unlikely to go beyond the network of Society (Figure 1). It is therefore matched 

by no higher than step 3 in the pyramid of needs, which represents the need for self/other appreciation. 

In the logic of Connectalism, NSI is a frame for decision-making that results from the level of awareness 

and the needs that are referent to it.  On the other hand, another decision-making frame is enlightened 

self-interest (ESI), which by contrast with NSI, can be for example triggered by universal awareness 

and step 5 in the pyramid of needs.  

It is important to emphasize that there is no intent in Connectalism to judge a particular frame of 

decision-making as morally inferior to another. This is true here for NSI vs. ESI. In that particular case, 

Connectalism proposes that these simply are two alternate frames of references for decision-making, 

with the added caveat that it is the evolutionary destiny of humans to be guided toward higher levels of 

awareness of connectedness (Postulate 1 above). Figure 2 below gives a synthetic representation of the 

evolution between these two extreme awareness levels and a symbolized array of human decision 

processes and choices. 

Notwithstanding, from the above exposition, one might be tempted to conclude that a higher level of 

awareness always subsumes a lower level in the sense that a person/group holding a higher awareness 

standpoint is in theory able to bring about greater social well-being. 

In the context of contested public/environmental policies, the polarization of NSI vs. ESI positions has 

created frictions and blockages towards a unified and comprehensive solution to the challenges 

humanity is facing. One may wonder whether both awareness levels (ESI and NSI) can bring something 

contributive to these issues. 

For the sake of exemplifying what these two levels of awareness may bring to the table, I will 

oversimplify the situation and refer to the climate-change deniers as the NSI side in the climate change 

debate. The NSI side argues that the scientific consensus is just faulty assessment and even accuses the 

other side of manipulating environmental data.13 

Hence, environmental concern; i.e. heightened awareness of connectedness, is generally portrayed by 

NSI activists as an extremist's gloom-and-doom perspective on the environment. In that framework, 

voices defending a strategy of environmental conservation and an economic steady-state are perceived 

as acting against the common good by curtailing economic growth and, it is asserted, prevent economic 

gains from spreading to the general populace. 

 

                                                           
12 The term was coined by Alexis de Tocqueville (1838) in "Democracy in America". This is still self-interested 

in the sense that humans are not willing to ‘sacrifice’ their survival for the sake of other species. 
13 Whether or not this accusation is done in good faith or not is debatable and will be addressed later in this section. 

However, some who could be associated with the NSI side are engaging in science suppression. For instance, in 

the US, Federal agencies have removed references to climate change from official agency pronouncements. In 

setting pollution standards, the EPA has proposed to disregard studies relying on confidential data, even though 

they have undergone scientific peer review (Lin, 2018). 
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Figure 2: Evolutionary View of Awareness Levels and Human Decision Process 

 
 

By an interesting twist of logic, NSI people claim to have the upper rational (or moral) ground. Just like 

their counterparts (ESIs), they assert to have near perfect 20/20 rational vision and the ability to correctly 

assess evidence. Thus, NSI people implicitly claim they are aware that the type of interconnectedness 

that matters is primarily economic.14 

Henceforth, while this may be hard to imagine, there is the possibility for both NSI and ESI communities 

to interact in a dialectic space (Harvey, 1993). In that space, members of each community may exercise 

healthy skepticism about the other group’s stated awareness of connectedness and related arguments. A 

first step might be to identify the underlying ontological conceptions of the world for each group. For 

example, Lattorre and Malo-Larrea (2019) identify sustainability discourses and different 

understandings of nature-society among policy makers. The four discourses they identified respectively 

as ‘Pessimist’, ‘Nostalgic’, ‘Techno-modernist’, and ‘Optimist’. In their book The Knowledge Illusion, 

Sloman and Fernbach (2017) state that instead of “appreciating complexity, people tend to affiliate with 

one or another social dogma. Because our knowledge is enmeshed with that of others, the community 

shapes our beliefs and attitudes. It is so hard to reject an opinion shared by our peers that too often we 

don’t even try to evaluate claims based on their merits.” (Sloman & Fernbach, 2017: 11). 

NSI-minded individuals/groups may question an ESI group’s asserted high level of awareness of 

interconnectedness and ask how interconnection with distant species matters and is even ‘demonstrable’ 

through a proven causality chain. The burden of proof is squarely put on the side of ESI groups. For 

instance, how is the fate of a person living in New York City intimately linked to a species of frogs that 

is going extinct in the Australian rainforest?15  

While the promise of an answer briefly existed in the case of these Australian frogs, it is a much more 

complex undertaking to prove our individual ties to millions of earth species. In the ESI framework, the 

answer to that inquiry is really obvious, because interconnectedness is accepted as a logical fact. 

Whereas to be convinced, a NSI mindset is likely to require a demonstration of the specific tethers that 

connects us to other species. 

One possible avenue for proving these connections is for us humans to become sensitized to detectable 

thresholds. For instance, from an anthropocentric standpoint, what is the detectable impact on “my life” 

of the rapid loss of species we are seeing today and which is estimated by experts to be between 1,000 

and 10,000 times higher than the natural (pre-industrial age) extinction rate? Nevertheless, it is also 

                                                           
14 For example, in the first couple of weeks at the beginning of the COVID-19 pandemic, President Trump 

suggested that the country should be back to work by Easter 2020, thus downplaying the advice from his medical 

experts. 
15 Two new species of frogs (Rheobatrachus vitellinus and R. silas) were discovered in the 1980s in rainforests in 

Australia. These frogs secreted a substance that inhibited the production of digestive acid (Source: 

https://amphibiaweb.org/species/3544). That substance could have been used to treat peptic ulcer disease, a disease 

that afflicts more than 25 million people in the U.S. alone. But, the studies that were underway could not be 

continued, because both species of gastric brooding frogs --the only ones ever discovered-- went extinct. 

Enlightened Self InterestNarrow Self Interest

HUMAN DECISIONS and CHOICES

Limited Awareness

Universal Awareness

True Purpose
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possible that once these detectable thresholds are reached, we find ourselves entangled in an irreversible 

environmental degradation scenario.16 

Beyond the political rhetoric and maneuvering, these questions raise an interesting issue regarding the 

experience and knowledge of awareness of connectedness. To what extent heuristic or 

psychological/emotional biases may constitute the backdrop of an individual or (organizational entity) 

claim of superior understanding, which essentially translates into a declared state of awareness? 

The issue becomes whether or not there is uncertainty about the veracity of an embodied group’s 

asserted level of awareness.  In other words, just like a low awareness of connectedness may be an 

impediment to the sustainability of broad networks, because it ignore fundamental biosphere feedback 

mechanisms, how can we insure that there is a match between self-declared high awareness of 

connectedness and actual connectedness with nature? Any asserted level of awareness may after all be 

delusional, based on an emphasis on either hyper-rationality or its opposite: over-sentimentalism. 

Connectalism states that awareness of connectedness coincides with a frame for human decision-

making. This frame of decision incorporates information gathering and interpretation capabilities 

congruent with the level of awareness that is associated with that frame. What role do intuition, logic 

and the scientific method play? When awareness translates into social action, it is relatable as a 

statement, which can at this point be subjected to the rules of the scientific method (Robinson & Shah, 

2019). Experiential knowledge falls in this same category as well. To some extent, NSI opposition can 

be a call for ESI groups to introspect and check on the alignment of their true motives with their message 

and actions. 

Henceforth, in light of the discussion above, we are forced to refine our previous definition of awareness 

of connectedness to that of deep awareness, i.e. a level of consciousness that once turned into a statement 

is scientifically refutable by counterfactuals and free of cognitive and pathological biases. For this to 

work, both NSI and ESI groups must agree that the rules of engagement are based on the scientific 

method. 

Connectedness that is local (i.e. non-universal) is provable by scientific debate and facts. On the other 

hand, universal consciousness is unprovable, but refutable. For example, in the case of universal 

awareness (the highest awareness on our scale), stated claims that a person or a group would be acting 

under its guidance would be verified by the congruence of these actions with the known values 

embedded in universal consciousness (love, compassion, etc…). Again, it is also incumbent on the 

community identified with a given set of beliefs and awareness to exert an introspective check of this 

congruence. 

From the above discussion, we propose the following refined definition for awareness of connectedness: 

 

(Deep) Awareness of Connectedness within any Generic Network 

≡ 

Innate (intuitive) or developed (experiential/data based) understanding of connections within that 

generic network, with the caveat that any assertion consistent with that understanding is both 

verifiable and falsifiable. 

 

From this point on, when we speak of awareness of connectedness, we will refer implicitly to deep 

awareness of connectedness within a generic network. 

 

 

VI. Examining Human Choice using Functional Dependency Network Analysis 

Lawson (2010) reminds us that “…social reality is an interdependent network, it is an internally related 

totality of rights and obligations and so forth, not a set of phenomena each existing in relative isolation.” 

Contrary to neoclassical economics where the unit of analysis is the ‘disconnected’ atomistic individual 

or firm/organization, we focus here on the relations individuals have within and across the multiple 

                                                           
16 On March 28, 2019, in a high-level UN meeting on climate and sustainable development, General Assembly 

President María Fernanda Espinosa Garcés (Ecuador) warned “We are the last generation that can prevent 

irreparable damage to our planet,” stressing that 11 years are all that remain to avert catastrophe. 
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networks they belong to. For instance, economies and organizations are particular categories of 

networks, which can be analyzed similarly as biological systems (Stahel, 2005).  

Kirman (1997, 2003) and Gallegati & Kirman (1999) propose that the aggregate behavior of an economy 

cannot be investigated in terms of the behavior of isolated individuals, as it is usually done in standard 

economic theory. These authors view the economy as an evolving network.17 

 

a. Network Attributes 

Let us set up a few definitions of the basic components of any network.  

 

Definition 2: A network is a collection of unitary nodes linked via connecting pathways representing 

the strength of connectedness (spatial, relational) and binary exchanges of ‘packages’.  

 

Definition 3: Unitary nodes are locally separated systems constituted of matter/energy. Unitary nodes 

can be of various sizes and embodiment. Nodes include (sentient) life forms and resource centers, which 

are for example underground minerals. 

 

Howard T. Odum (1971, 1974, 1976, 1977) argued that flows of energy are the source of all economic 

value. According to Odum, “human economic systems can bring in materials and fuels to support 

populations and cultures. However, human beings are only a small part of the great biosphere… It is 

therefore a mistake to measure everything in money; instead, energy should be used as the measure, 

since only in this way we can account for the contribution of nature.” (Odum, 1976: 42). Robert Costanza 

(1980, 1981) further extended Odum’s theory. According to Costanza, energy flows are the main 

concern of energy analysis, and an important part of this energy analysis is the quantification of the 

embodied energy of goods and services. 

   

Definition 4: Packages are the stuff that flows through pathways linking nodes. Packages can be 

transferred unilaterally or exchanged. There are basically two types of packages: 

 Energy and material packages 

 Informational and emotional packages18 

Postulate 4: (Viability) A node is viable only if it exchanges packages. Without exchanges, a node 

ceases to exist. 

 

 

In light of the other previous postulate at the basis of Connectalism, we can further state: 

 

Corollary 4.1: A node's viability depends on other nodes being viable too. That is, nodes are 

interdependent. Furthermore, decisions made by human ‘nodes’ are framed by the level of awareness of 

that interdependency or connectedness. 

We can now define a concept of equilibrium for any network in terms, for instance, of the concept of 

Autopoiesis (Maturana & Varela, 1980), i.e. the process by which a system regenerates itself through 

the self-reproduction of its own elements and of the network of interactions that characterize them. 

Individual  autopoietic  entities  (cells,  organs, organisms)  can  only  be  sustained  if  their interacting  

networks (groups,  collectivities, societies)  are  equally  self-sustainable  and autopoietic. Autopoiesis 

is fundamentally about equilibrium (Maturana, 2015). 

 

                                                           
17 They do not however offer a general analytical framework to study human choice, as done here. Jackson (2007), 

a pioneer in the economics of social networks, studies how individuals choose to participate in a social network or 

not. He does not tackle the issue from the standpoint of developing a theory of choice. 
18 Goldberg, et al. (2002) highlight the importance of emotional exchanges between fathers and their children. 

They demonstrate that ‘emotional energy’ is a reasonable explanatory construct underlying fathers’ sensitivity and 

engagement. 
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Definition 5: An equilibrium is a state in which a network faces a minimal cost of (re)organization/ 

regeneration, and thrives. Thriving means that each and every connection functions at full potentiality 

and each node is viable within the organized structure. Basic connections exist to sustain each and every 

node. Packages are exchanged optimally, i.e. exchanges are unimpeded to insure that nodes are viable. 

Our definition of equilibrium is also consistent with the Principle of Least Efforts (PLE), which suggests 

that the minimization of energy expenditure is a force motivating the behavior of living systems.19 

An equilibrium is dynamic, not static. All possible and necessary connections are either already in 

existence or instantiated in a manner that is consistent with a given equilibrium. Connections can change 

with the extinction of old nodes and the birth of new nodes, to satisfy an equilibrium configuration as a 

manifestation of self-(re)organization. An equilibrium will evolve as matter transforms into energy and 

vice-versa. Any all-encompassing network, which contains overlapping and intersecting sub-networks, 

will tend to reorganize its sub-networks to achieve maximum thriving. 

 

b. A Functional Dependency Network Analysis (FDNA) Approach 

We propose to analyze human choice with a recently developed tool that extends Graph Theory.  

Functional Dependency Network Analysis (FDNA) was originally developed for studying engineering 

enterprise systems (Garvey, 2009, Garvey et.al, 2009, 2014; Pinto et al. 2012).20 

We will use the concepts from Garvey et.al (2009, 2014) and Pinto et al. (2012) and adapt some of them 

to fit our goal of building an axiomatic approach of Connectalism. We model a network as a directed 

graph. The key assumptions and definitions are: 

 

Definition 6: There are three types of unitary nodes: human nodes, other sentient nodes and resource 

(non-sentient) nodes. Assumption: all nodes are at the same time receiver and feeder nodes, except for 

resource nodes, which may only be feeder nodes. 

 

Definition 7: Operability is the level of performance achieved by a node based on the exchange of 

packages.  Operability is measured with a Von-Neumann-Morgenstern type of utility function, which 

accounts for the weak prepotency of human needs (Seeley, 1992). 

 

Definition 8: the autarky operability level of a node is its level of performance when the operability of 

its feeder nodes all equal 0. 

 

Definition 9: Strength of Connectedness (SOC) is the strength with which a receiver's node's operability 

level relies on the operability of its feeder nodes.21 

 

Definition 10: Awareness of Connectedness (AOC) is the subjective (psychological) utility obtained 

given the level of awareness of an individual of his/her connectedness to other nodes. 

 

The Strength of Connectedness (SOC) for node j, with j = 1, …., N is defined as:  

For all  𝑖 ≠ 𝑗, 𝑆𝑂𝐶𝑖𝑗 = 𝛼𝑖𝑗𝑃𝑖 + (1 − 𝛼𝑖𝑗)𝑈𝑗(𝑤𝑗) 

 

Where: 

𝑃𝑖  is the operability (performance) level of node i.  

𝑈𝑗(𝑤𝑗) is the autarky utility of node j based on an allocation of energy from a resource node. 

𝑤𝑗 is the resource/energy allocation for j. 0 ≤ 𝑤𝑗 ≤ 𝑊 and ∑ 𝑤𝑗𝑗 ≤ 𝑊. 

𝛼𝑖𝑗 is the strength of connectedness (coefficient) of j with i. 0 ≤ 𝛼𝑖𝑗 ≤ 1. 

                                                           
19 The PLE is the parallel of the well-known principle of least action known in classical and quantum physics 

(Feynman, 1964). In the behavioral sciences, the principle has been intensively discussed by Zipf (1949) in the 

context of the evolution of human languages. 
20 There are other such approaches like Functional Nets used in product design science (Rizzuti et al., 2006). 
21 This corresponds to the concept of strength of dependency in Garvey et al. (2009). 
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(1 − 𝛼𝑖𝑗)𝑈𝑗(𝑤𝑗) can be defined as the basic operability level (BOL) when node i does not function or 

𝑃𝑖= 0. 

 

The Awareness of Connectedness (AOC) for node j is defined as: 

For all  𝑖 ≠ 𝑗, 𝐴𝑂𝐶𝑖𝑗 = 𝛾𝑖𝑗𝛼𝑖𝑗 �̃�𝑖𝑗 + (1 − 𝛾𝑖𝑗𝛼𝑖𝑗)𝑈𝑗(𝑤𝑗) 

 

Where: 

𝛾𝑖𝑗 is the awareness of connectedness coefficient of node j with node i , 0 ≤ 𝛾𝑖𝑗 ≤ 1. 

�̃�𝑖𝑗 is the estimate of 𝑃𝑖 by node j. 

 

In Garvey et al. (2009) the Operability (or performance) level of node j  is defined as a function of its 

strength of dependency and criticality of dependency.22 Here, our definition is modulable depending on 

the context. In general, Operability of node j will be a function of the strength and awareness of 

connectedness 𝑃𝑗 = 𝐹[𝑆𝑂𝐶𝑗, 𝐴𝑂𝐶𝑗] with  𝑆𝑂𝐶𝑗 = 𝐴𝑉𝐺𝐸[𝑆𝑂𝐶𝑖𝑗]
𝑖=1….𝑁

 and 𝐴𝑂𝐶𝑗 =

𝐴𝑉𝐺𝐸[𝐴𝑂𝐶𝑖𝑗]
𝑖=1….𝑁

.23 For the sake of illustration, we use the MIN function and set 𝑃𝑗 =

𝑀𝐼𝑁[𝑆𝑂𝐶𝑗, 𝐴𝑂𝐶𝑗]. 
 

In this set-up, individuals (sentient nodes) are connected to a network and their ability to thrive is 

dependent on other nodes/individuals. We distinguish between Strength of Connectedness and 

Awareness of Connectedness. Strength of Connectedness represents the objective dependency of a node 

on others (biological, emotional: corresponding to level 1 in Maslow’s pyramid, see graph above). It is 

the true nature of the connection between an individual (node) and his/her environment. 

 

On the other hand, there is also the individual’s perception of this relationship, captured by the 

Awareness of Connectedness, which is a purely cognitive/psychological process. Within the Awareness 

of Connectedness definition, we find two assessments by node j: 1) the perception of the strength of ties 

and 2) the evaluation of others’ operability levels. These assessments may be computationally extremely 

complex to make, and individuals may instead rely on simple heuristic rules to account for these 

variables. 

 

In the end, we define operability as the level of functioning that an individual is able to attain. Operability 

is constrained by the operability of the rest of the network (family, relationships, organization one 

belongs to, society, etc…), especially if the network has parts that are in failure mode. When using the 

MIN function, the operability level corresponds to a tug of war between reality and perception. If 

perception is too ‘rosy’ and disconnected from reality, operability will be a function of the ‘real’ 

interaction between an individual and his environment in terms of actual energy exchanges. If the 

perception is too limited in the sense that individuals have a low level of awareness of their connections 

as compared to reality, it actually may impede the operability of that individual.  

 

Operability as conceived here is relatable to the concept of Human Capabilities (Sen, 2003; Nussbaum, 

2011) which is defined as substantive freedom, i.e., a real opportunity to be and do something, a set of 

potential ‘doings and beings’ which best expresses the positive side of freedom. These capabilities 

cannot be developed without a connection to other human beings and the biosphere. Hence, by contrast 

with the traditional microeconomic model, we describe the individual not only in terms of his/her utility 

over choices, but his capabilities of being and doing. 

 

Operability can be measured with well-being, health or happiness metrics. Even though these measures 

are subject to the criticism that they are difficult to use for interpersonal utility comparisons and policy 

recommendations (White, 2014), they are however broadly adopted in the context of inter-national 

                                                           
22 Garvey et al. (2009) include what they call a criticality of dependency function, which corresponds to the 

operability level when a critical node fails. We do not integrate here as it serves as double duty when the level of 

a feeder node is 0, as the BOL is already accounting for this. 
23 These are functional forms used by Garvey et al. (2009). 
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comparisons. The United Nations passed a resolution in 2011 encouraging member states to track 

aggregate happiness, and published the first World Happiness Report in 2012. This was followed by the 

Organization for Economic Co-operation and Development’s Guidelines on Measuring Subjective 

Well-Being in 2013. Some people may prioritize the pursuit of their wellbeing primarily by means of 

material wellbeing, but at the expense of their relational and subjective wellbeing. Alternatively, others 

may either choose to or be forced by circumstance to downplay the fulfilment of their material needs, 

prioritizing instead either their relational or cognitive/subjective wellbeing. These various dimensions 

and interactions can be tackled by the FDNA approach extended in here. 

 

To clarify further the role of awareness in the model, we can for instance define �̅�  as a threshold level 

of awareness (coefficient) such that: 

 

Case 1) High Awareness. When 𝛾𝑖𝑗 ≥ �̅�, with �̅� ≤ 1, we have �̃�𝑖𝑗 = 𝑃𝑖. This means that above a level 

of awareness then individual j is able to understand fairly accurately the nature of his/her dependency 

with the rest of the network. In particular, perfect universal awareness of connectedness (level 5 in 

Figure 1) would be attained by node j when 𝛾𝑖𝑗 = 1 for all is.24 

 

Case 2) Low Awareness. When 𝛾𝑖𝑗 < �̅� . In that case, one possible belief held by individuals in this 

category is that ‘everyone-else is like me’. One way to operationalize this belief is to assume that 

𝛾𝑖𝑗𝛼𝑖𝑗 = 𝛾𝛼 and �̃�𝑖𝑗 = 𝐴𝑂�̃�𝑖𝑗 for all  𝑖 ≠ 𝑗. There, individual j believes that all nodes have the same 

level of connectedness across the network. He/she also has an estimate of each other node’s level of 

performance, and the estimation method is assumed the same across all sentient nodes. In this situation, 

a low level of awareness entails that individual j is myopic in his/her view of the rest of the network. 

 

Another possible hypothesis is that individuals make decisions within a limited neighborhood of a 

network, and most of their information comes from those whom they interact with. In that case, they are 

consciously aware of their dependency on neighbors but ‘unconsciously’ aware that they biologically 

depend on broader networks (e.g. the Biosphere). Their reasoning capacities are limited and they still 

make decisions based on simple heuristic rules rather than optimize globally. 

 

In this regard, another possible assumption regarding  𝛾𝑗  could be that it is constant over some 

subnetworks, i.e. sub-collections of nodes. For instance, the level of awareness would depend on how 

close the network is from individual j. Moreover, we could also assume that the estimate �̃�𝑖𝑗  is done 

only at the level of subnetworks (field variable) and not at individual nodes levels, because the 

informational and computational complexity involved in figuring out other individual nodes 

performance is too high. In some set-ups, when individuals react to "field variables" (Aoki, 1996), the 

system may still find its way close to an ‘ideal’ equilibrium. 

 

VII. An application to the COVID-19 crisis 

The COVID-19 pandemic has touched the entire world. Given the various initial levels of preparedness, 

we have witnessed an array of reactions by governments and citizens, leading to the eventual 

convergence of decisions towards a temporary interruption of non-essential economic and social 

activities, and the confinement of people while waiting for a fully tested vaccine. In many countries, 

people and businesses are redeploying resources and devising strategies to redefine normalcy, while 

maintaining social distancing. The concern for our species’ survival has raised our awareness of our 

global interconnections. It has resulted in a stream of economic and societal decisions, which would 

have been unconceivable a few months ago and which may have longstanding effects on our societies’ 

structures. 

 

                                                           
24 This understanding may only be intuitive and mostly operated by the unconscious. Cognitive psychologists 

document that human beings receive 11 million bits of information per second, but are only consciously aware of 

120 bits/second processed by the brain (Csikszentmihalyi, 2014). 
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A key dilemma faced by nations is whether to apply a tight quarantine policy to individuals. This in 

order to avoid an exponential contagion of the illness and the ensuing high morbidity rates linked to the 

virus combined with the incapacity of the health care system to handle large waves of patients -- vs. the 

economic and human costs of halting the economy. All the while knowing that halting the economy also 

puts the health of people in danger. Especially for those who now have a restricted access to resources 

to survive when confined, due to unemployment and poverty. 

 

Here, we are using a very simple model to analyze the behavior of individuals (or groups) during a 

pandemic.  The goal is to illustrate how awareness of connectedness frames decisions. Let us consider 

a network with only two individuals j = 1, 2. The two individuals could also represent two segments of 

a population. Each individual j takes an action 𝐴𝑗. The action is either to stay inside 𝐴𝑗 = 0 or to go 

outside, 𝐴𝑗= 1. We assume that when an individual chooses to go outside, she returns inside afterwards 

and has a limited interaction with the other person in some capacity. This is taking place during a 

pandemic. People care about their health, which depends on their consumption of a natural resource and 

on the health of other people. In this case, the operability function we defined previously is identified 

with health. 

 

Health is measured via the Strength of Connectedness (SOC). For individual j, it is defined as 𝑆𝑂𝐶𝑗 =

𝛼𝑗𝑆𝑂𝐶𝑖 + (1 − 𝛼𝑗)𝑈𝑗(𝑤𝑗), with 𝑈𝑗(𝑤𝑗) being the autarky utility/health25 of node j. 𝑈𝑗(𝑤𝑗) = ℎ(𝑤𝑗 −

�̅�), with 0 ≤ ℎ representing a wellbeing scaling factor and 𝑤𝑗 is the resource/energy allocation for j. 

With 0 ≤ 𝑤𝑗 ≤ 𝑊 and ∑ 𝑤𝑗𝑗 ≤ 𝑊. There exists a minimum level of resources that individuals need to 

consume 0 ≤ �̅� ≤ 𝑊, below which health is failing. The coefficient 𝛼𝑗 is the strength of connectedness 

(coefficient) of j with i. The coefficient is such that 0 ≤ 𝛼𝑗 ≤ 1. The Strength of Connectedness 

represents the true state of health for each individual. 

 

On the other hand, the Awareness of Connectedness (AOC) for node j is defined as  𝐴𝑂𝐶𝑗 =

𝛾𝑗𝛼𝑗 𝐴𝑂�̃�𝑖 + (1 − 𝛾𝑗𝛼𝑗)𝑈𝑗(𝑤𝑗), where 𝛾𝑗 is the awareness of connectedness coefficient of node j with 

node i , 0 ≤ 𝛾𝑗 ≤ 1 and 𝐴𝑂�̃�𝑖 is the estimate of 𝐴𝑂𝐶𝑖 by node j. The Awareness of Connectedness is the 

subjective appreciation of one’s own wellbeing, given the level of awareness the individual has of her 

interconnectedness. 

 

In terms of access to the natural resource, there are 4 possible scenarios: Scenario 1) 𝐴1=𝐴2= 1, then 

𝑤𝑗 =  𝑤𝐻; scenarios 2) and 3) 𝐴𝑗= 0 and 𝐴𝑖= 1, then 𝑤𝑗 = 𝑤𝐿 and 𝑤𝑖 = 𝑤𝑀; and finally scenario 4) 

𝐴1=𝐴2= 0, then 𝑤𝑗 =  𝑤𝐿. With 0 ≤ 𝑤𝐿 ≤ 𝑤𝑀 ≤ 𝑤𝐻 ≤ 𝑊. In this case, we assume that if both go 

outside they can extract more resources together than if only one goes outside (for example, going 

fishing on a fishing boat). When staying inside, individuals only get a low level of resources. 

 

Because there is a pandemic, there is a chance of already having the virus, spreading it to others, or if 

one does not have it, to get it from others. These are the various probabilities in each case: 

 The probability of getting the virus from an infected person (if A= OUTSIDE) = 𝑔 

 The probability of getting the virus from an infected person (if A= INSIDE) = 𝑔′ 

 Proportion of people infected (if A= OUTSIDE) = 𝛿 

 Proportion of people infected (if A= INSIDE) =  𝛿′  

 Probability of being severely ill and dying if catch virus = 휀 

We assume here that 𝑔 ≥ 𝑔′ and 𝛿 ≥ 𝛿′. Furthermore, it seems reasonable to infer that 𝛿′ = 𝛿𝑔. That 

is, the proportion of infected people inside (at the beginning of a pandemic) is the result of people having 

caught the virus outside. 

                                                           
25 We use a linear utility function in this simple set-up. Obviously, the autarky utility function can be generalized 

to non-linear appropriately behaved functions.  
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For each scenario, there is a corresponding probability of contracting the virus depending on the action 

taken. 

o Scenario 1. Both individuals go outside. We define as 𝛀𝟏= Probability (catching virus if both 

start inside  go outside  come back inside) = 𝑃𝑟𝑜𝑏𝑎(𝑐𝑎𝑡𝑐ℎ𝑖𝑛𝑔 | 𝑏𝑜𝑡ℎ  𝑝𝑒𝑟𝑠𝑜𝑛𝑠 (𝐼𝑁 ∪

𝑂𝑈𝑇) ∪ 𝐼𝑁) =  [𝛿𝑔 + 𝛿′𝑔′ − 𝛿𝑔𝛿′𝑔′] × {1 + 𝑔′(1 − [𝛿𝑔 + 𝛿′𝑔′ − 𝛿𝑔𝛿′𝑔′])}. 

o Scenarios 2 and 3. One individual stays in and the other goes out. 𝛀𝟐= Probability (catching 

virus if starts inside  go outside  come back inside and other IN) = 

𝑃𝑟𝑜𝑏𝑎(𝑐𝑎𝑡𝑐ℎ𝑖𝑛𝑔 𝑖𝑓 (𝐼𝑁 ∪ 𝑂𝑈𝑇) ∪ 𝐼𝑁| 𝑜𝑡ℎ𝑒𝑟 𝑝𝑒𝑟𝑠𝑜𝑛 𝐼𝑁 ) =  [𝛿𝑔 + 𝛿′𝑔′ − 𝛿𝑔𝛿′𝑔′] × {1 −

 𝛿′𝑔′} + 𝛿′𝑔′. 𝛀𝟑= Probability (catching virus if stays IN and other person starts inside  go 

outside  come back inside) = 𝑃𝑟𝑜𝑏𝑎 (𝑐𝑎𝑡𝑐ℎ𝑖𝑛𝑔 𝑖𝑓 𝐼𝑁| 𝑜𝑡ℎ𝑒𝑟 𝑝𝑒𝑟𝑠𝑜𝑛 (𝐼𝑁 ∪ 𝑂𝑈𝑇) ∪ 𝐼𝑁) =

 𝑔′[𝛿𝑔 + 𝛿′𝑔′ − 𝛿𝑔𝛿′𝑔′]. 

o Scenario 4. 𝛀𝟒= Probability (catching virus if both stay inside) =  𝛿′𝑔′. 

It is fairly easy to show using the conditions on 𝛿, 𝑔, 𝛿′ and 𝑔′ that Ω1 ≥ Ω2 ≥ Ω3 ≥ Ω4. 

In the event of a pandemic, the autarky utility/health function is altered according to the various 

configurations associated with the person catching the virus or not: 

 𝑈𝑗(𝑤𝑗) = ℎ(𝑤𝑗 − �̅�), when j has no virus. 

 𝑈𝑗(𝑤𝑗) = ℎ(𝑤𝑗 − �̅� − ∆), when j has a virus but does not die, with ∆≥ 0, and 𝑤𝐻 − �̅� − ∆≥

0. 

 𝑈𝑗(𝑤𝑗) = ℎ(𝑤𝑗 − �̅� − ∆𝐿), when j has a virus and dies, with L such that ℎ(𝑤𝐻 − �̅� − ∆𝐿) =

−ℎ𝐿 < 0. In other words, a person dies if her health drops below −ℎ𝐿. 

An individual has achieved one of two possible levels of awareness. Either LOW awareness with 𝛾𝑗 =

𝛾, or HIGH awareness with 𝛾𝑗 = 1. For the LOW level of awareness, individuals have the belief we 

described in the previous section that ‘everyone-else is like me’. To operationalize this belief we assume 

that 𝛾𝑗𝛼𝑗 = 𝛾𝛼.26 Low awareness individuals focus on their AOC. They believe that others do the same 

and furthermore that they have the same awareness of connectedness coefficients. By contrast, HIGH 

awareness individuals know their true connections with others and focus on their SOC. Moreover, they 

also know when other individuals have LOW awareness and readily account for these individuals’ 

behavior. 

In this set-up individuals behave strategically. They attempt to maximize their expected AOC 

𝐸𝑗(𝐴𝑂𝐶𝑗) by choosing the best AOC-maximizing action 𝐴𝑗 -- given their level of awareness of 

connectedness and given the other individual’s best action in response.27 This corresponds to the concept 

of Nash equilibrium. Nash (1951) defines an equilibrium of a normal form game to be a strategy for 

each player with the characteristics that each player’s strategy is a best response to the others. In that 

sense, no one has an incentive to deviate from that outcome when they behave as utility maximizers 

with these expectations. We will therefore focus on the Nash equilibria of this game. In particular, our 

focus will be on symmetric equilibria corresponding to Scenarios 1 and 4 above. We will also describe 

economies with various mixes of awareness. 

Let us first characterize more fully an individual’s expected AOC for each awareness type.  

For a HIGH awareness individual j, given the above definition of SOC, it is fairly easy to show that: 

𝐸𝑗(𝐴𝑂𝐶𝑗) = 𝐸𝑗(𝑆𝑂𝐶𝑗)  =  
𝛼𝑗(1−𝛼𝑖)𝐸𝑖(𝑈𝑖)+(1−𝛼𝑗)𝐸𝑗(𝑈𝑗)

1−𝛼𝑗𝛼𝑖
     (1) 

For a LOW awareness individual j, we have: 

𝐸𝑗(𝐴𝑂𝐶𝑗) =  𝛾𝛼 𝐸𝑗(𝐴𝑂�̃�𝑖) + (1 − 𝛾𝛼)𝐸𝑗(𝑈𝑗)      (2) 

Because j assumes that individual i is also a LOW awareness individual, we have the same equation (2) 

that holds for i. We assume that for all j, we have 𝐸𝑗(𝐴𝑂�̃�𝑖) = 𝐸𝑗(𝐸𝑖(𝐴𝑂𝐶𝑖)). And thus, by the law of 

                                                           
26 We are assuming that both individuals have the same level of awareness, which we recognize is a strong 

assumption. 
27 Recall that for HIGH awareness individuals AOC = SOC. 
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iterated expectations 𝐸𝑖 (𝐸𝑗(𝐴𝑂�̃�𝑖)) = 𝐸𝑖 (𝐸𝑗(𝐸𝑖(𝐴𝑂𝐶𝑖))) =  𝐸𝑖(𝐴𝑂𝐶𝑖). Using, these latter two 

conditions, and after some manipulations of equation (2), we get: 

𝐸𝑗(𝐴𝑂𝐶𝑗) =  
𝛾𝛼 𝐸𝑖(𝑈𝑖)+𝐸𝑗(𝑈𝑗)

1+𝛾𝛼 
      (3) 

In this simple two-person game, each individual’s expected health is a function of both individuals’ 

health gotten from consuming the resource and the likelihood that they catch the virus. As stated above, 

we will analyze the Nash equilibria in several situations, focusing on symmetric equilibria. 

 

CASE 1: Both individuals have LOW awareness. We analyze two equilibria separately. The first 

equilibrium is EQ1: 𝐴1
∗=𝐴2

∗   = OUTSIDE and the second is EQ2: 𝐴1
∗=𝐴2

∗   = INSIDE. 

 

CASE1.1: EQ1: 𝐴1
∗=𝐴2

∗  = 1 (OUTSIDE). 

 

Here, we find conditions that guarantee that 𝐴𝑗= 1 is a best response to 𝐴𝑖= 1.  

Let j play 𝐴𝑗= 1 in response to 𝐴𝑖= 1. Given the definition of the autarky utility we know that 𝐸𝑗(𝑈𝑗) =

(1 − Ω1) ℎ(𝑤𝐻 − �̅�)+  Ω1(1 − 휀)ℎ(𝑤𝐻 − �̅� − ∆) + Ω1휀ℎ(𝑤𝐻 − �̅� − ∆𝐿) = ℎ(𝑤𝐻 − �̅�) −
Ω1∆ℎ [휀(𝐿 − 1) + 1]. Thus, from equation 3 above 𝐸𝑗(𝐴𝑂𝐶𝑗) =  ℎ(𝑤𝐻 − �̅�) − Ω1∆ ℎ[휀(𝐿 − 1) + 1]. 

Now Let individual j play 𝐴𝑗= 0 in response to 𝐴𝑖= 1. Then, 𝐸𝑗(𝑈𝑗) =  ℎ(𝑤𝐿 − �̅�) −

Ω3∆ℎ [휀(𝐿 − 1) + 1] and 𝐸𝑖(𝑈𝑖) =  ℎ(𝑤𝑀 − �̅�) − Ω2∆ℎ [휀(𝐿 − 1) + 1]. Then using equation (3) we 

get, 𝐸𝑗(𝐴𝑂𝐶𝑗) =  ℎ(𝑤𝐻 − �̅�) −
𝛾𝛼 Ω2+Ω3

1+𝛾𝛼 
∆ℎ [휀(𝐿 − 1) + 1] −

ℎ(𝑤𝐻−𝑤𝐿)

1+𝛾𝛼 
−

𝛾𝛼 ℎ(𝑤𝐻−𝑤𝑀)

1+𝛾𝛼 
. 

For the equilibrium EQ1 to be realized we need 𝐸𝑗(𝐴𝑂𝐶𝑗)|𝐴𝑗= 1 >  𝐸𝑗(𝐴𝑂𝐶𝑗)|𝐴𝑗= 0 for j = 1, 2. This 

means that Ω1∆ℎ [휀(𝐿 − 1) + 1] <
𝛾𝛼 Ω2+Ω3

1+𝛾𝛼 
∆ℎ [휀(𝐿 − 1) + 1] +

ℎ(𝑤𝐻−𝑤𝐿)

1+𝛾𝛼 
+

𝛾𝛼 ℎ(𝑤𝐻−𝑤𝑀)

1+𝛾𝛼 
. In other 

words, 

[(1 + 𝛾𝛼)Ω1 − 𝛾𝛼 Ω2 − Ω3]∆ [휀(𝐿 − 1) + 1] < (1 + 𝛾𝛼)𝑤𝐻 − 𝛾𝛼𝑤𝑀− 𝑤𝐿     (4) 

Individual j, must also satisfy the individual rationality constraint (to stay alive), so that: 

ℎ(𝑤𝐻 − �̅�) − Ω1∆ ℎ[휀(𝐿 − 1) + 1] > −ℎ𝐿 (4’) 

Condition (4) is basically saying that for people to be going OUT, the expected loss due to the risk of 

catching the illness must be less than the expected gain. When the loss in welfare associated with the 

illness ∆ [휀(𝐿 − 1) + 1] is small relative to the resource gains, then inequality (4) will be even more 

true when 𝛾𝛼 is high, or the level of perceived connection is high. 

CASE1.2: EQ1: 𝐴1
∗=𝐴2

∗   = 0 (INSIDE). 

Let j play 𝐴𝑗= 0 in response to 𝐴𝑖= 0. Then it is easy to check that 𝐸𝑗(𝐴𝑂𝐶𝑗) =  ℎ(𝑤𝐿 − �̅�) −

Ω4∆ ℎ[휀(𝐿 − 1) + 1]. 
Now Let individual j play 𝐴𝑗= 1 in response to 𝐴𝑖= 0. Then, using equation (3) we have 𝐸𝑗(𝐴𝑂𝐶𝑗) =

 ℎ(𝑤𝐿 − �̅�) −
𝛾𝛼 Ω3+Ω2

1+𝛾𝛼 
∆ ℎ[휀(𝐿 − 1) + 1] +

ℎ(𝑤𝑀−𝑤𝐿)

1+𝛾𝛼 
. For EQ2 to be realized we then need 

𝐸𝑗(𝐴𝑂𝐶𝑗)|𝐴𝑗= 0 >  𝐸𝑗(𝐴𝑂𝐶𝑗)|𝐴𝑗= 1 for j = 1, 2. This implies that: Ω4∆ℎ [휀(𝐿 − 1) + 1] <
𝛾𝛼 Ω3+Ω2

1+𝛾𝛼 
∆ℎ [휀(𝐿 − 1) + 1] −

ℎ(𝑤𝑀−𝑤𝐿)

1+𝛾𝛼 
. In other words,  

 [Ω2 + 𝛾𝛼 Ω3 − (1 + 𝛾𝛼)Ω4]∆[휀(𝐿 − 1) + 1] > 𝑤𝑀 − 𝑤𝐿   (5) 

Individual j, must also satisfy the individual rationality constraint (to stay alive), so that: 

ℎ(𝑤𝐿 − �̅�) − Ω4∆ ℎ[휀(𝐿 − 1) + 1] > −ℎ𝐿 (5’) 

Condition (5) is saying that for people to stay IN, the expected loss due to the risk of catching the illness 

must exceed the expected gain. The inequality (5) will be also more true when 𝛾𝛼 is high, or the level 

of perceived connection is high. 

CASE 2: Both individuals have HIGH awareness. We analyze two equilibria separately. The first 

equilibrium is EQ1: 𝐴1
∗=𝐴2

∗   = OUTSIDE and the second is EQ2: 𝐴1
∗=𝐴2

∗   = INSIDE. 

CASE 2.1: EQ1: 𝐴1
∗=𝐴2

∗   = 1 (OUTSIDE). 

Let j play 𝐴𝑗= 1 as a best response to i being outside. Then, it is easy to check from equation (2) above 

that 𝐸𝑗(𝑆𝑂𝐶𝑗) =  ℎ(𝑤𝐻 − �̅�) − Ω1∆ℎ [휀(𝐿 − 1) + 1]. 
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Now Let individual j play 𝐴𝑗= 0 in response to 𝐴𝑖= 1. Then, it is fairly straightforward to check that 

𝐸𝑗(𝑆𝑂𝐶𝑗) =  ℎ(𝑤𝐻 − �̅�) −
𝛼𝑗(1−𝛼𝑖)Ω2+(1−𝛼𝑗)Ω3

1−𝛼𝑗𝛼𝑖 
∆ℎ [휀(𝐿 − 1) + 1] +

ℎ(𝛼𝑗(1−𝛼𝑖)𝑤𝑀 +(1−𝛼𝑗)𝑤𝐿−(1−𝛼𝑗𝛼𝑖) 𝑤𝐻)

1−𝛼𝑗𝛼𝑖 
. 

Hence, following the same logic as before, EQ1 is realized when the following inequality holds for j = 

1, 2: 

[(1−𝛼𝑗𝛼𝑖 )Ω1 − 𝛼𝑗(1 − 𝛼𝑖)Ω2 − (1 − 𝛼𝑗)Ω3]∆ [휀(𝐿 − 1) + 1] < (1−𝛼𝑗𝛼𝑖)𝑤𝐻 − 𝛼𝑗(1 − 𝛼𝑖)𝑤𝑀 −

(1 − 𝛼𝑗)𝑤𝐿               (6) 

With the same individual rationality constraint (4’) as in Case 1.1. 

Similarly to condition (4) above, condition (6) is saying that for people to be going OUT, the expected 

loss due to the risk of catching the illness must be less than the expected gain. When the loss in welfare 

associated with the illness is small relative to the resource gains, then inequality (4) will be even more 

true when 𝛼𝑖 is low, or the level of connection that i has with j is low.  

 

CASE 2.2: EQ2: 𝐴1
∗=𝐴2

∗   = 0 (INSIDE). 

Let j play 𝐴𝑗= 0 in response to 𝐴𝑖= 0. Then similarly as before 𝐸𝑗(𝑆𝑂𝐶𝑗) =  ℎ(𝑤𝐿 − �̅�) −

Ω4∆ ℎ[휀(𝐿 − 1) + 1]. 
Now Let individual j play 𝐴𝑗= 1 in response to 𝐴𝑖= 0. Then, using equation (2) we have 𝐸𝑗(𝑆𝑂𝐶𝑗) =

 ℎ(𝑤𝐿 − �̅�) −
𝛼𝑗(1−𝛼𝑖) Ω3+(1−𝛼𝑗)Ω2

(1−𝛼𝑗𝛼𝑖) 
∆ ℎ[휀(𝐿 − 1) + 1] + (1 − 𝛼𝑗)

ℎ(𝑤𝑀−𝑤𝐿)

(1−𝛼𝑗𝛼𝑖) 
. 

To achieve EQ2, the expected utility of using 𝐴𝑗= 0 must surpass that of using 𝐴𝑗= 1. This leads to the 

following condition for j =1, 2. 

 

[(1 − 𝛼𝑗)Ω2 + 𝛼𝑗(1 − 𝛼𝑖)Ω3−(1−𝛼𝑗𝛼𝑖 )Ω4]∆ [휀(𝐿 − 1) + 1] > (1 − 𝛼𝑗)(𝑤𝑀 − 𝑤𝐿)               (7) 

And the individual rationality constraint (5’). 

 

Similarly to condition (5), condition (7) is saying that for people to stay IN, the expected loss due to the 

risk of catching the illness must exceed the expected gain. Inequality (7) will be more true when 𝛼𝑖 is 

low. When the loss associated with the illness is high, inequality (5) will be also more true when 𝛼𝑗 is 

low.  

 

CASE 3: Player i has HIGH awareness. Player j has LOW awareness.  

CASE 3.1: EQ1: 𝐴1
∗=𝐴2

∗   = 1 (OUTSIDE). 

The conditions for individual j are the same as in Case 1.1, that is conditions (4) and (4’). On the other 

hand, the conditions for individual i are the same as in Case 2.1, that is conditions (6) and (4’). 

 

 CASE 3.2: EQ2: 𝐴1
∗=𝐴2

∗   = 0 (INSIDE). 

The conditions for individual j are the same as in Case 1.2, that is conditions (5) and (5’). On the other 

hand, conditions for individual i are the same as in Case 2.2, that is conditions (7) and (5’). 

 

We run a simulation for a range of parameters.  We set h = 10,  �̅� = 0 and: 

 

−ℎ𝐿 ∆ 𝛼2 휀 𝛿 g 𝛾 𝑤𝐻 𝑤𝑀 𝑤𝐿 

-1500 = 𝑤𝐻 1/3 2% 10% 60% 0.25 5.5 =𝑤𝐻/1.1 =𝑤𝑀/3 

-- -- 2/3 3% -- -- 0.75 8 -- -- 

 

In that case, the calculated probabilities of catching the virus are:28 

 

Ω1 Ω2 Ω3 Ω4 

14.5% 12.7% 5.6% 3.6% 

                                                           
28 The probability of 14.5% was estimated from the https://coronarisk.org/ site applied to the French population 

(low to middle age) case as of end of April 2020. 

https://coronarisk.org/
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Here, Player 2 is the individual with high awareness always. We let the awareness parameter for Player 

1 -- 𝛼1 -- run the full gamut from 0 to 1 (in both Cases 2 and 3), by small increments. We then calculate 

the conditions for EQ1 and EQ2 in each case. We choose to focus on Cases 2 and 3 in Table 1 below. 

 

We find that multiple equilibria are possible for given sets of parameters. That is, both individuals 

staying in (EQ2), as well as both individuals going out (EQ1) can co-exist as mixed strategy equilibria. 

According to Connectalism each individual’s decision frame depends on her awareness of her 

interconnectedness within the network she belongs to. One may generally think that two different frames 

will lead to two different outcomes. However, an interesting result in this model is that even though the 

frames of decisions may differ, the outcomes they generate can turn out to be the same. For instance, in 

the case of high mortality risk, both frames of decisions rule out the equilibrium where both individuals 

go out. Alternately, when the gains are high and the risk is low, both frames rule out the equilibrium 

where they both stay in.  

 

 

Table 1: Equilibria —Simulation 

 

 
 

 

However, even when the equilibrium reached is the same under low and high awareness scenarios, we 

find that that when both players are high awareness individuals, they will protect more those who are 

highly interconnected with them when the risk is high relative to the gains. This is seen in Table 1, in 

the orange cells I and II, where a highly aware group of individuals constituting the whole network will 

not agree to an equilibrium (OUT) when interdependence is very high.  

 

In the case where the risk is low and the gains of conducting normal economic activities is also low, we 

find that a high awareness network will prefer a safer path and include more individuals who have low 

interdependency into an equilibrium in which all people stay in quarantine (Table 1: orange cell III). On 

the other hand, in a high awareness network, where people are very interconnected, --and the economic 

perspective prevails—individuals will choose not to stay inside when the risk is low (Table 1: orange 

cells III, IV and V). 

 

Another scenario we have simulated but not shown in the table is when the gains are really high (𝑤𝐻 = 

10), the probability of death is also high (휀 = 3%), and the strength of connectedness parameter for 

Player 2 is very elevated (𝛼2= 0.9). In that case, staying IN is no longer an equilibrium, when at least 

Probability of 

death ε
LOW GAIN (WH) HIGH GAIN (WH) LOW GAIN (WH) HIGH GAIN (WH) LOW GAIN (WH) HIGH GAIN (WH)

2%
(I) No EQ for higher 

values of α1 than (II)

3%
(II) No EQ for high 

values of α1

2%

(III) No EQ for high 

and lower values of 

α1 than (IV)

(IV) No EQ at high 

and low values of α1

(V) No EQ at low 

values of α

3%

Means it is an equilibrium over the full range of values for α1

Means not an equilibrium over the full range of of values for α1

Means that it is an equlilibrium over a restricted range of values for α1

Both players with  high awareness Player 2 high awareness, player 1 low

EQ1: OUT

EQ2: IN

Both players  with low awareness
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one of the player has LOW awareness, whereas it is an equilibrium for a limited high range of 

interconnectedness parameters when both individuals have HIGH awareness. 

 

It is clear that the above model of human choices during COVID-19 is rather simplistic and could be 

expanded easily. First of all, the model could be generalized to more than two players, with more 

sophisticated assumptions about beliefs. One player could represent the government acting in 

accordance to various models of redistributive justice with various levels of awareness (Beaulier & 

Caplan, 2007). 

 

We can add repeated stages with evolving probabilities of spreading the illness and learning. For 

instance, what happens when the true state of health (SOC) happens to diverge widely from the perceived 

wellbeing (AOC), what do individuals learn about their interconnectedness?  

 

We can also envision situations in which there is competition to acquire the resource, or that the resource 

is overused or depleted as in the Tragedy of Commons (Ostrom et al., 1992; Ostrom, 2008). Side-

transfers could also be modelled here, which would allow for forms of reciprocity and fairness through 

redistribution (Beaulier & Caplan, 2007). We can also integrate the prepotency of needs in the 

operability function in a similar fashion as done in Seeley’s (1992). 

 

Notwithstanding, as a first approximation, our model exemplifies the use of Connectalism in identifying 

decision-making frames linked to awareness of connectedness. 

 

VIII. Modelling Alternatives and Discussion 
 

Connectalism takes the interconnectedness of all life forms as a fundamental biological fact (Lovelock 

& Margulis, 1974). Any person or entity who is part of a network has ties to others whether they 

recognize it or not. Animals and plants seem to have this notion embedded in their DNA, so that their 

behavior is fully consistent with respecting this interdependency. The general principle of 

interdependency and self-reorganization of living systems and networks (von Bertalanffy, 1933, 1968; 

Maturana & Varela, 1980) is fully consistent with evolutionary competition and cooperation. Societal 

networks exhibit the same tendencies for competition and cooperation, and instead of siding with either 

of these tendencies in the public policy arena, we may want to focus on the consciousness levels that 

lead societies to frame choices through either one of these prisms. 

 

From a practical modeling perspective, Connectalism leads to a type of ‘canonical’ utility function that 

depends on others’ utilities. Thus in a way, it reaches a similar modeling destination as other approaches 

like altruism, reciprocity or fairness (Fehr & Schmidt, 1999, 2006) or meta-utilities (Becker, 1998; Sen, 

1977). Nevertheless, the path to get there is quite different from these other approaches. The FDNA 

analytical method (Garvey, 2009, Garvey et.al, 2009, 2014; Pinto et al. 2012) we use here adheres to the 

notion that interconnectedness is inescapable. With the concept of operability, it is clear that anyone’s 

operability within a network depends on that of others. In Connectalism the focus is then placed on the 

awareness of interconnectedness that leads to a human decision-making frame. 

 

A major stumbling block for adopting altruism as a working hypothesis in Economics has been the 

criticism that while the feeling of non-reciprocal altruism is present in human beings (Simon, 2005) and 

while it is a very important motivator, we cannot assume it to be a universal feature of human decision-

making. Furthermore, even when modelled that way, altruistic behavior has been collapsed back down 

as a form of selfishness. The Beckerian view on this topic invokes Ockam’s razor’s argument. It is 

incumbent on the social scientist to explain contrasting behaviors not on the basis of differences in 

preferences but rather to start from a minimalist approach that assumes a basic commonality in (self-

interested) preferences, and derives these various behaviors from optimizing individuals facing different 

and objectively identifiable economic incentives and constraints (Stigler & Becker, 1977).  

 

On the other hand, Fehr and Schmitt (1999) assume that fairness enters in the utility function in the form 

of inequity aversion, meaning that people are willing to give up some material payoff to move in the 
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direction of more equitable outcomes. They are thus able to explain why some experimental (public 

goods) games (with punishments) produce outcomes that grossly deviate from what the purely self-

interested preferences model would dictate. Fehr and Gächter (2000) argue that in the case of reciprocity, 

the actor is responding to friendly or hostile actions even if no material gains can be expected. 

Reciprocity is fundamentally different from altruism. Reciprocity is an in-kind response to beneficial or 

harmful acts, which can produce coordination as a social outcome, enforced by punishments. 

 

Notwithstanding, even Becker tried to account for a broader definition of individual preferences based 

on including social capital in the utility function (Becker, 1998). The change in social capital is imputed 

to a vague aggregate of ‘actions’ in the social network, and thus unfortunately, Becker did not 

operationalize the concept. Other attempts at modeling meta-preferences include that of Amartya Sen 

(1977) with his concept of a ‘two-stage utility function’ wherein he imagined that people first decide 

what kinds of utility are involved in a given problem. Having made this choice, they then choose the 

activity that will maximize the preferred type of utility. 

 

The issue with Becker and Sen's approaches is that individuals are assumed to have complete and perfect 

knowledge regarding their meta-utility in terms of who they are and who they will become in the future, 

and all their possible choices. In other words, when they plan a course of actions, they can 

instantaneously contemplate all the possible "selves" they can become. 

In Connectalism, decisions taken under a high level of awareness are by definition not reducible to 

planned decisions under a lower level of awareness. A shift in consciousness/awareness while depending 

on the fulfilment of prepotency needs cannot be absorbed by the individual beforehand. This is because 

if it were, decisions today would be dependent on a state of consciousness that will be achieved in the 

future, but that means that this higher level of awareness is achieved today, which is a contradiction. 

 

IX.  Conclusion 

In this article, we have introduced a new framework for studying human choice we call Connectalism. 

We have begun to show that levels of awareness of interconnectedness can frame decisions. A somewhat 

surprising result is that even though we might expect high awareness societies or networks vs. low 

awareness ones to arrive at different decisions, our simple model of the COVID-19 pandemic, shows 

that this may not be the case. Indeed, widely different awareness levels may lead to the same outcome. 

But, the key is that these same outcomes are motivated by different considerations-- and up to a point. 

 

In particular, the motivation of protecting the most vulnerable and interdependent people is where the 

two world-views part ways. High awareness societies will put a premium on protecting these vulnerable 

people. In many other instances, worldviews will clash, for instance with respect to managing climate 

change and handling the ecological transition. Connectalism may offer a way to uncover the framework 

(awareness level) that underpins proposed actions. Furthermore, if representative groups accept a meta-

dialog, they can provide each other with valuable feedback and healthy skepticism, which will push one 

group or the other towards more rigor and integrity with their position and argument and possibly greater 

mutual understanding and appreciation.  

 

Connectalism is still a budding concept, and much work remains to be done to develop the FDNA 

apparatus that will make it applicable to many situations. Rather than making behavioral  assumptions 

about preferences (reciprocity, altruism, fairness) we begin from the premise of interconnectedness. The 

level of awareness of this interconnectedness within a given network is what shapes the behavior of 

people once they acquire the realization that their ‘operability’ (e.g. health) and more generally their 

human capabilities, depend on the rest of the network’s operability level. In that respect, we believe that 

Connectalism can help uncover how reciprocity, fairness and altruism are essentially emergent 

properties of networks. 

  

There is a danger of losing sight of the reality of the interconnectedness of all beings, and of the web of 

life where nothing occurs in isolation of other things (Adams, 2007). An example of a new increased 

awareness of interconnectedness leading to a shift in human choices is imagined by Sonia Shah in the 
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aftermath of the COVID-19 pandemic (Politico, March 2020). She states: “In the best-case scenario, the 

trauma of the pandemic will force society to accept restraints on mass consumer culture as a reasonable 

price to pay to defend ourselves against future contagions and climate disasters alike. For decades, we 

have sated our outsized appetites by encroaching on an ever-expanding swath of the planet with our 

industrial activities, forcing wild species to cram into remaining fragments of habitat in closer proximity 

to ours. That is what has allowed animal microbes such as SARS-COV2—not to mention hundreds of 

others from Ebola to Zika—to cross over into human bodies, causing epidemics. In theory, we could 

decide to shrink our industrial footprint and conserve wildlife habitat, so that animal microbes stay in 

animals’ bodies, instead.” Connectalism is a tool that can help guide us through these transitions. 
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