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Abstract: The nature of the sustainability crisis is characterized by high levels of complexity, thus it 

is not amenable to be approached from the linearity or reductionist paradigm. Emergence is a 

multilevel phenomenon that is characterized by qualitative novelty and is recognized as an 

important attribute of complex systems produced by self-organized processes, unveiled from a 

holistic stance. This conceptual-analytical article explores the emergence phenomenon and 

questions whether it can be a way of enhancing the solution process to meet the sustainability 

challenges. Emergent properties or behaviors emerge only when the system parts interact in a wider 

whole. Moreover, a systemic approach is proposed as an intermediary component in the process of 

emergence of creative and wise solutions to the wicked problems of unsustainability. This requires 

observation and entails analyzing open systems as a whole and recognizing the impact of traversing 

macro- and micro- scales on causal and creative emergence. The study also emphasizes synergies 

between emergence and creativity aimed at sustainability. Sustainable development requires 

leapfrogging past conventional practices, in an accelerated way, and the emergence phenomenon at 

play between systems levels, coupled with purposefully structured creative processes, holds the 

potential for catalyzing sustainable development efforts. 
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1. Introduction 

Development that meets the needs of the present without compromising the ability of future 

generations to meet their own needs [1] is the early 1987 definition of sustainable development. The 

UNESCO approach assumes that there is an environment, a society and an economy and advocate 

an approach that places economies and societies within environments [2]. Sustainability now entails 

criteria for the appropriate use of resources and for the evaluation of products in terms of economic, 

social and environmental impacts [3]. However, taking a holistic perspective, it can be said that there 

are several environments, societies and economies, all shaped by complex interactions, existing in 

several layers: micro (local), meso (regional), macro (continent) and mega (global), changing over 

time [4]. Hence, an analogy can be established with biological systems that continuously regenerate, 

through their natural processes, transforming biological waste into food for other biological beings, 

where the outputs of one cycle are processed to be the inputs of another cycle. 

The nature of the sustainability crisis is characterized, among other things, by high levels of 

complexity and uncertainty. This suggests that people will need to develop skills and qualities that 

allow them to contribute to alternative behaviors, lifestyles, and systems [5]. An adaptability and 
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regenerative approach, with high levels of commitment and agility is required to develop and 

implement the way out of the sustainability crisis.   

The triple bottom line (TBL) essentially serves the purpose of a guideline according to which 

organizations develop and implement not only a traditional economically sustainable strategy, but 

also explicitly include strategies for environmental and social sustainability [6]. However, the three 

pillars are expected to be in a constant flux due to social, political, economic and environmental 

pressures [7]. Hence, sustainability, currently dominating all contexts of business and organizational 

management, is not amenable to be approached from the linearity paradigm, since the three aspects 

of sustainability identified in the TBL are to be aimed in balance or even harmony between economic, 

social and environmental aspects [3]. 

One way of moving toward sustainable development is through a combined organization and 

human systems approach [8]. This notwithstanding, being truly sustainable requires a systemic 

vision of the preservation of human, natural, environmental and energy resources as a normal course 

of activity. Having nature as a model and learning from it for the resolution of humankind's problems, 

acting close to the way living beings work, can potentially reduce negative impacts. Natural systems 

are often compared in several studies because they have much in common with the socioeconomic 

systems of organized communities. Both kinds of systems consume material resources, energy, and 

produce waste. Be it cells, organs or organisms in the natural systems or customers, workers or 

companies in the social systems, the flows of materials and energy, which derive from the metabolism, 

exchanges and continuous interactions between the actors and components of the system with each 

other, integrated in a whole and with the surrounding systems, make it very clear that the relations 

between the part (the components) and the whole (system) cannot be neglected. 

The circular economy approach, resembling the cycles in nature, is a welcome contribution for 

the replacement of the linear economy model [9], in order to counteract the possible depletion of 

natural resources, and relying instead on circular production to satisfy energy and material needs. 

This circular economy approach aims low energy consumption, low pollutant emissions and high 

efficiency [10]. The implementation of circularity aims to contribute to the preservation of natural 

resources that, being finite, must be preserved by all the inhabitants of the planet. Intending that the 

inputs of materials remain in the same cycle as long as possible, a circular system gives preference to 

biological materials, to the regeneration of soils, to products designed for disassembly, in order to 

facilitate the entry to other cycles. The plans for boosting the circular economy include to 'design' 

waste as return nutrients and to recycle durable goods, using renewable energy. Circular economy 

focuses on optimizing systems instead of components [10]. With the depletion of various resources 

approaching and evidence of climate change and the degradation and risk to life, especially of the 

most disadvantaged, it is urgent to change and apply sustainable forms in relation to the three pillars 

of the TBL. 

A more insightful, elegant, and systemic view of solutions may be possible, if based on a more 

comprehensive structure of the problems, including relevant values (financial, human and 

environmental sustainability) and barriers (cost) [11]. The expansion of the structure of the problem 

and the adoption of a broader perspective that includes ethical and social considerations should be 

part of the process of generating truly insightful solutions to the challenge of sustainability. Facing 

complex, human, economic and environmental systems, which integrate connections and 

interrelationships between them, the positive balance often involves an interaction between the 

parties (people, companies and environmental resources that encompass local resources) causing 

emerging phenomena not possible in the separate components, resulting in the creation of benefits 

for stakeholders. Having the ability to emerge and question implicit and deeply rooted assumptions 

can be a way of solving the sustainability challenge [12]. A paradigm shift in the way we solve 

sustainability problems requires a more systemic approach to solving problems and generating 

creative solutions [13]. This involves challenging the rules and assumptions of the current paradigm.   

Hence, a systemic approach is likely to foster emergence of relevant effective solutions that 

contribute to sustainable development. There is hence interest in assessing the feasibility of making 

using of the systemic approach as a path to emergence of novel sustainable solutions. In the 
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remainder of this article, we first present the concept of emergence, downward causation in relation 

to reductionism and holism as well properties of emergence. We then extract guidance from literature 

on scaling of causal models and the emerging differences and their implications for the levels of 

macroscopic and microscopic analysis. Lastly, we explore synergy among theoretical concepts to 

foster novelty emergence supporting design ideation processes at the service of sustainable 

development. 

2. Emergence as a Concept  

Emergence plays a central role in theories of integrative levels and of complex systems. 

According to Yaneer Bar-Yam [14], one of the problems in thinking about complex systems is that we 

often assign properties to a system that are actually properties of a relationship between the system 

and its environment. We do this for simplicity, because when the environment does not change, we 

need only describe the system, and not the environment, to describe the relationship, since the 

relationship is often implicit in how we describe the system [14]. In a world of widespread 

environmental changes, it is no longer possible to ignore this distinction as highlighted by Bar-Yam. 

Emergentist thought makes use of specific concepts and properties of the emergence phenomenon, 

to explain its theory. These properties or behaviors emerge only when the parts interact in a wider 

whole. 

For advances in scientific thinking to emerge, it is important that definitions and terms combine 

with the new knowledge that is emerging. In philosophy, systems theory, science, and art, emergence 

occurs when an entity is observed to have properties its parts do not have on their own. There is no 

conceptual unification of this theory, it varies according to the areas in which it is addressed. Each of 

them uses its own metaphorical language, introducing changes and correlated combinations as a 

concept, giving rise to different definitions useful for different areas.  

In Yaneer Bar-Yam’s view, emergence refers to the existence or formation of collective behaviors 

— what parts of a system do together that they would not do alone, e.g.: a water molecule has 

emergent properties that arise out of the properties of oxygen and hydrogen atoms. In describing 

collective behaviors, emergence refers to how collective properties arise from the properties of parts, 

how behavior at a larger scale arises from the detailed structure, behavior, and relationships at a finer 

scale [14].  

Emergence is generally recognized as an important attribute of complex systems [15]. Dynamic 

and interdependent systems are complex systems that have causal interactions between them and 

therefore should not be studied in isolation. The boundaries of complex systems, that is, the boundary 

conditions, are defined according to the objective of the study. The analysis of complex systems must 

pass through the recognition of phenomena with the integration of the concept of emergence.   

Systemic thinking analyzes the system as a whole and not its isolated parts, emerging properties 

have as a basic condition to emerge from systems. Complex systems, nature, human societies, among 

others, in addition to establishing causal interactions between their constituent components also 

establish relationships with other neighboring systems. 

Irreducibility is a property by which the properties of the components are determined by the 

way they are part of the whole, so that detaching them would change their own identity [16]. The 

perspective that considers emergence is often contrasted with a reductionist perspective, which 

thinks about parts in isolation. Reductionism is the often vilified "anti-complex systems" view of the 

world. The concept of a system is itself based upon a limited form of reductionism that distinguishes 

the system from its environment, and the parts of a system from each other. The key difference is that 

the non-reductionist approach considers the relationships among them [14].  

In 1999, economist Jeffrey Goldstein provided a current definition of emergence in the journal 

Emergence [17]. Goldstein initially defined emergence as: "the arising of novel and coherent 

structures, patterns and properties during the process of self-organization in complex systems". In 

2002, systems scientist Peter Corning described the qualities of Goldstein's definition in more detail: 

radical novelty (features not previously observed in systems), coherence or correlation (meaning 

integrated wholes that maintain themselves over some period of time), a global or macro "level" (i.e. 
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there is some property of "wholeness"), it is the product of a dynamical process (it evolves), and it is 

"ostensive" (it can be perceived) [18]. Armed with this emergence lens, not only do we see that 

complexity is an emerging phenomenon produced by self-organized processes [18], but we can also 

start seeing the world as networks of niche creation enabling novelty, and more or less radical 

emergence, which creates new activities and new niches for yet further unfolding of emergence, 

placing us in a world of becoming that generates its own possible directions of future becoming [19].  

In George Herbert Mead’s pragmatic social psychology, the concept of emergence is used to 

explain the generation of novelty [20]. Complete determinism is not capable of explaining this. To his 

cohort of pragmatists, a listing of all possible causes of a phenomenon would mean that the 

dependent variable would have nothing left to it that had not already been explained; it would 

actually be nothing but its past causes [21]. 

Complexity theories evolved on the basis that living systems continually rely on external sources 

of energy [22], through causal interactions between the components of living systems and between 

their surrounding context, the ecosystem. Important properties of ecosystems, such as resilience, or 

stability, emerge from interactions between components of the ecosystem [23, 24]. Hence, in order to 

survive, any system must establish a positive balance with its surrounding context. The context 

captures the environmental, political, social, and economic climate [25] and the principle of balance 

defines the need to find the proper relationship between components of a complex system, in order 

to achieve a positive balance [26]. It is important to emphasize that positive balance often cannot be 

achieved by optimizing a single subset of components in a complex system [25] in addition to the 

rampant environmental changes that are taking place, which also have to be considered. 

The properties of an emerging phenomenon can be determined by interactions with the context 

in which the system is inserted. The surrounding context leads us to the notion of hierarchy of levels, 

which we shall also discuss, in another section. These interactions become mechanisms for emergent 

phenomena and produce effects of various types within the system itself and in the surrounding 

context. The notion of downward causation, a flip side of emergence has been praised by the 

reductionist stance but also has a place in the holistic stance, as can be seen in the following section. 

3. Downward Causation and the Reductionist versus the Holistic Stance  

A desire to unveil the causes of phenomena and effects found in the universe has long been felt. 

This inclination to seek causes is evident in Aristotle's discussion about the Parts of Animals of causes 

and final causes, as well as in Metaphysics, II.1.5–6, where he writes that we cannot know a truth 

without first seeking a cause [27]. In his description of the final cause or telos, Aristotle views the 

cause as an end in itself: “Further, the Final cause of a thing is an end (telos) and is such that it does 

not happen for the sake of something else, but all other things happen for its sake” [27]. 

The principle of causality derives directly from the philosophy of René Descartes in his Third 

meditation of 1641 [28]. The term downward causation is attributed to Campbell (1974) [29]: “Higher-

level entities manifest genuinely novel causal powers, causally affecting their constituents, so that 

lower-level events take place differently within them.” Downward causation is further used as a 

designation for an alleged downward effect which emanates from the emergentically defined higher 

level onto its constituents in the lower level [30]. 

The principle that every effect has a cause is accepted a priori in physics [31], and perhaps not 

surprisingly, the explanations given by scientific laws are seen by many as the only ones acceptable 

and not contrary to the principles of science, generating strong controversy between reductionists 

and holists, who explain the phenomena of science at different levels. Emergence is understood in a 

different way, by "reductionist" and "holistic" theorists who give it different interpretations of 

causation [18]. Reductionism analyzes in detail the interactions of parts of complex systems to obtain 

an answer to "how" and it explains it through laws. With a comprehensive approach, holism explains 

the complexity of the emergency using a multi-level analysis to give answers to the “why”, claiming 

that the causal effect is produced by synergies generated by the various combinations of parts, with 

nonlinear interaction between the constituent elements of the whole. Interactions between the parts 

are new structures that are generated by emerging adaptability phenomena in the system [18]. 
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Reductive methods have made us aware of many laws that explain how natural and non-natural 

systems work, contributing to scientific knowledge. In physics, phenomena are translated by laws in 

which the total effect of the various causes that produce it is equivalent to the sum of the separate 

effects, to this Mill called the principle of “Composition of Causes” [32]. Two forces can be added or 

subtracted depending on whether they have the same or opposite directions, respectively, obtaining 

a resultant.  

In chemistry, this is no longer the case, there is something new in the effect. Water, for example, 

acquires properties completely different from the properties of its constituent elements, hydrogen 

and oxygen, when they are separated [16]. Another example where there is something new in the 

effect is sodium chloride, commonly called table salt; in moderate amounts it is harmless to humans, 

however two toxic elements make it up, chlorine and sodium. The examples of water and salt, show 

the limits of the reductionist approach, justifying the need for a more holistic approach.                

A stronger cause than the simple relation that the same cause produces the same effect occurs in 

living organisms, including man, as these are susceptible to improve internal processes, triggered 

effectively by efficient extrinsic causes, which act following internal processes. In general, efficient 

causes are effective solely to the extent to which they trigger, enhance, or dampen inner processes; in 

short, extrinsic (efficient) causes act, so to say, by riding on inner processes [16]. 

4. Emergence Properties 

George Henry Lewes introduced in 1875, for the first time, the term “emergent”, in a context of 

a discussion about whether the joint effect of several causes is identical to the sum of its separate 

effects [33]. Lewes is quoted as having stated that if there is something new or heterogeneous in the 

joint effect of several causes, it will be called "emergent" [16]. That philosopher is blamed for the 

explosion of emergency theories in the early 20th century [18]. Jeffrey Goldstein identified several 

characteristics of the emergent phenomena [17]: unpredictability, not deductible from the previous 

conditions, appearing over time due to the interaction and only showing, however, when the system 

evolves. Then the emerging phenomenon suddenly exhibits new patterns and new structures that 

have new properties [34]. 

In a leadership setting, the emergent process brings together three components [35]: The first 

component is that the emergency is multilevel, second, it includes the mechanisms that underlie the 

dynamic interactions of the process, and third, it captures temporal dynamics, or the notion that 

emergence takes time to move through problem phases. In a more general emerging phenomenon, 

the explanation of its constituents is not enough to explain the global phenomenon as a whole [36].  

DeLanda (2012) states that a property of a whole is emergent if it is produced by causal 

interactions between its component parts. These interactions, in which the parties exercise their 

ability to affect and be affected, constitute the emergence mechanism behind the properties of the 

whole [16]. Emergentism underwent a long period of oblivion and only recently was revitalized by 

the sciences of complexity, that are concerned with the complex emerging properties of life and mind 

[29]. Similarly, sustainable development requires leapfrogging past conventional practices, in an 

accelerated way, and the emergence phenomenon at play between systems levels, holds the potential 

for catalyzing sustainable development efforts. 

Emergence has been used over several years by various sciences, physics, psychology, 

economics to explain various phenomena such as Bénard cells (convection), market awareness and 

behavior, respectively [18]. Cognition, and especially consciousness, can be considered an emergent 

property of the organism [33]. Emergence can be seen as the “magic” that brings about a leader of 

several elements of an interacting group solving a task [35]: to represent leadership emergence, it 

becomes clear that if we want to understand the magic, we need to focus on the underlying process 

of emergence. That is, the real mechanisms of an emergent phenomenon. 

The concept of emergence, like any phenomenon for which science does not yet have an 

explanation, makes it a concept that may be charged with mysticism. However, contemporary 

philosophers like Mário Bunge, claim that the possibility of analysis does not imply reduction, and 

the explanation of the emergency mechanisms does not explain the emergence. [37: p.156, 16]. To talk 
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about property emergence is no longer perceived as something that stands in opposition to scientific 

thought; the very term `emergence 'has become popular in the context of computer models of non-

linear dynamical systems, and in complex systems research [29]. Emerging effects are associated 

specifically with contexts in which constituent parts with different properties are modified, 

remodeled, or transformed by their participation in the whole [18]. The case of water and table salt 

are representative examples of this definition.  

Emergentism is characterized by a set of several properties, among which we emphasize 

qualitative novelty. Any evolution in process produces change and qualitative novelty in all domains 

of reality [38]. Qualitative novelty refers to certain phenomena of nature that produce material 

changes and cannot be explained in a simple quantitative way [18]. They cannot be explained by the 

simple result of the algebraic sum, addition, or subtraction of things of the same type, of the 

phenomena that gave rise to it. Moreover, associations of interactions cause a higher state of 

organizational complexity to occur, with new qualitative properties not existing in the components 

alone or in the whole [38]. 

5. Impact of Scale on Emergence 

Most definitions of emergence share the assumption that emergence arises only in hierarchical 

systems made up of interacting components, which is why they can be described at macroscopic and 

microscopic levels [39]. In this hierarchical view, a component at a higher level may be represented 

by a complete system at a lower level. This is related to the notion of supervenience, which includes 

two simultaneous concepts [30]. On the one hand, the idea that all macro properties depend on a 

lower level, that is, none of these macro properties can exist without the lower level properties. On 

the other hand, it is the fact that the properties of the macro cannot be fully explained by the lower 

level properties nor are they reducible at that level. 

 Different maps convey different levels of information that lead to different insights and 

different views, consequently leading to different achievements. Macro-scale causal models 

quantitatively compared with micro-scale causal models, in terms of information effectiveness, are 

superior. This result, mathematically quantified, relates the causal emergence to the capacity of 

Shannon's channel [40]. Shannon's discovery of the ability of a communication channel to achieve 

more reliable communication with information is the dominant concept in the theory of causal 

emergence [41]. The theory of causal emergence reveals that there is a similar causal capacity in a 

system, but the causal capacity is limited by the capacity of the channel. A macroscale analysis 

removes the uncertainty of causal relationships, thus using more of the available causal capacity. 

Information theory applied to causal analysis, shows that the macroscale can be more informative 

due to focusing on the causal structure of some systems better than a very detailed micro-scale 

description [18]. 

The macro state of a system is a much simpler description of the system than its microstate, since 

it is based on the observation of a drop in complexity between the highest level observations of a 

system's behavior (the macro state) and the detail of the rules that generate these observations (the 

micro state) [15]. The shorter description requires a macroscopic view of the observer to recognize 

spatial patterns and to relate patterns that are separated by various time intervals. This description, 

being shorter, represents a drop in complexity which may be useful to observers. Emergence may 

manifest itself as a gap between the macro and the micro-state of the system. This notwithstanding, 

macro scales may omit critical information and causal relationships [18], as they are at best a 

compressed description. 

An emergence mechanism can involve interacting parties, operating at different scales and 

exhibiting different levels of organization [16]. The analogy between natural systems and the socio-

economic system is not new, previous practices justify evaluating the characteristics and processes of 

each other to obtain contributions from the similarities found. Scaling proves to be an effective 

process for perceiving and making explicit hidden variables, sometimes difficult to be perceived in 

other granulations. Let us take it for granted that socioeconomic organizations are replicas of 

biological organizations insofar as they both integrate many elements, their constituents, and are 
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therefore highly complex systems. Life is probably the most complex and diverse phenomenon in the 

universe, managing an extraordinary variety of forms, functions, and behaviors over an enormous 

range of scales [42]. It is estimated for instance there are more than eight million different species of 

organisms on our planet, ranging in size from the smallest bacterium weighing less than a trillionth 

of a gram to the largest animal, the blue whale weighing up to hundred million grams. A system 

contains all possible levels and scales. It is possible to filter different pairs (level, scale) to focus on a 

comparative analysis, or not, defining several analysis domains within the reality. Depending on the 

borders and levels that we establish, it is still possible to look only within the borders, to the space 

that surrounds them, or to look beyond them, to the systems that are in their neighborhood. 

Each phenomenon acquires macro or micro roles in relation to the context that is to be analyzed. 

For example, a cell is a macro property in relation to the organelles it contains, but it is a micro 

property in relation to the organic tissue to which it belongs [36]. However, emergence is interactive, 

effects are causes, new principles and new capabilities emerge at each new level with new and 

different properties that result in new levels [18]. Thus, this cycle ensures that the evolution of the 

universe is infinite.  

New properties are created and identified exclusively at the macro level through the systemic 

interaction of the constituent elements. Level theories often use the concept of emergence as a 

designation for the relationship between new or unpredictable properties at the top level [30]. The 

impossibility of explaining the macrostate from the microstates, that is, the lack of a link between the 

microstate and the macrostate, is called a strong emergency; conversely, a weak emergency is defined 

by the existence of an irreducible link between macro and microstates [39]. The importance of 

choosing the scale, is tied to it determining the causal model, because each scale corresponds to a 

particular causal model of the represented system [41]: “causal models are those that represent the 

influence of subparts of a system on other subparts, or over the system as a whole”. A model is a 

representation of a system, in part or in whole, built to study that system [43]; moreover, it is also a 

representation of a real-world system, which derives from the intellectual construction constructed 

by an observer in accordance with one or more formalisms [24]. A causal model allows a causal 

analysis to be performed among a set of elements of a system at various spatial and temporal scales 

[41]. Any system can be represented, in different granulations or in different subsets, by causal 

models. A subset is considered as coarse grain or macro scale, in relation to the set that gave rise to 

it. The micro-scale causal model, in its most refined representation, at the limit of refinement of this 

micro scale, represents a system in its entirety in space and time, with all its elements and states.    

It takes space to isolate a system for consideration: it is necessary to define a limit, a spatial 

concept isolated from the rest of the universe, defining its limits [15]. Moreover, descriptions are the 

only way for observers to communicate about a system. Consequently, pursuing the systemic 

approach requires the existence, among others, of an observational component. The researcher after 

observation of the system under analysis, will be able to represent the components and their 

interactions in a systemic diagram or hierarchical relationship model of the system. Models help us 

to better understand and potentially develop systems. The famous saying about models is that all are 

somewhat wrong, but some are useful [44] and, as such, models play an important role in 

understanding complex systems. 

6. Creative Emergence for Sustainable Development 

There are common characteristics between creativity and emergence, in both phenomena there 

may result unpredictable or non-deductible new properties, effects or patterns. In order to argue for 

the similarities in the analogy that may enable better creative results in pursuing sustainable 

development, creativity is now explored a comparison between creativity and emergency, in addition 

to the previously exposed concept of emergency, we expose the concept of creativity in order to 

search for points of similarity among both concepts, and seek avenues to bring lessons learned from 

emergence phenomena in natural systems to the development of creative solutions to deal with the 

challenges of unsustainability. In particular, previous studies combining both concepts, albeit limited 

in quantity, has enabled extracting a set of interesting synergies amongst the two. 
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John Gero considered already in 1996 that new and unexpected results were a necessary 

condition for any process to be considered creative [45]. As a concept, creativity is not only new and 

appropriate, but also wise [46, 11], i.e. having or showing experience, knowledge, and good 

judgement. Interestingly, research studies on creativity have begun to use the term emergent, to 

imply that images and ideas can appear unexpectedly and in radically different forms compared to 

any inputs that may have served as the basis for the product created [47]. According to Gero [45], for 

creative production of a new and unexpected result to happen, a prior restructuring of knowledge is 

necessary through learning and exploring the problem space, to enable decision making within this 

space, taking into account a set of variables. Gero attributed importance to emergence, as it was seen 

as playing an important role in the introduction of new variables into the design space [45]. 

In a landmark study of creativity in tackling sustainability problems, Conklin et al. [48] found 

that no level of linear thinking - no matter how much data was considered or how brilliantly it was 

analyzed - would present a viable solution for some sustainability problems. Given the “malice” of 

the problem, the researchers also propose that the solutions are secondary and the understanding of 

the problem is primary. What arises is the need for an ability to feel, define, frame and solve problems 

that include multiple factors of interaction that involve creative skills based on thinking with more 

imagination. 

Systemic analysis, highlighting various critical points, contributes strongly to the exploration of 

the problem space, which induces an increase in the effectiveness of creativity for the production of 

sustainable solutions [22, 49]. Before specifying the problem and long before generating creative 

solutions, the creative problem-solving process also involves managing contradictions, tolerating 

ambiguities and navigating complexity [50, 11]. To solve a sustainability problem, we first need to 

fully frame it. A good number of the problems are highly complex, intertwined and confusing [11]. 

Defining and formulating problems in the sustainability discourse can be challenging, as many 

related issues are interconnected. When moving towards a designed solution, the main objectives are 

to identify and evaluate the possible and most promising alternatives [11]. By way of the systemic 

approach, highlighting hidden variables of the system contained in its properties, in which the 

possible solutions reside, creative sustainable solutions can be a way of making these properties 

explicit. Gero [45] states that a property that is not explicitly represented, when it can be explained, 

is considered an emergent property. Hence, the systemic approach to systems analysis, coupled with 

the creative problem-solving processes in itself is not a panacea to solve all the sustainability issues, 

but there is a compatibility between the two approaches that may provide synergistic opportunities.  

7. Conclusion 

Creative thinking is necessary, but it is not enough; perhaps the main reason why creative 

problem solving has not been successful so far in tackling sustainable development problems and 

therefore has not been fully accepted, is because the systemic and intentional framing step has been 

missing. The systemic approach integrates a holistic view of the system, which induces a perception 

of new variables that would not be detected in a view outside this context. Looking at systems as 

open systems, allows an awareness of internal and external variables, sometimes submerged in each 

system when looked at in isolation; this holistic may enable emergence of new solutions to catalyze 

the process of evolving towards sustainable development. Creative emergence could be the starting 

point for future projects of sustainable and innovative solutions for products, services or business 

ideas that can spring from the analysis at multiple levels of causal and association relationships 

existing between the components of the systems involved in the problems, detected by the systemic 

analysis. 

Departing from an interdisciplinary stance, we explored the relationship between the theory of 

emergence, and creativity aimed at sustainability. Although this article reports on a wide exploration, 

the knowledge domain focused can evolve further as a result of the application in practical cases and 

experiments to obtain empirical results that may contribute to validate the theoretical contributions 

provided in this article. 
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