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Abstract
Impact networks are formed to address complex social or environmental issues and are often needed to maximize 
human and financial resources, impact, and scale of individual organizations, including those serving students in 
Kindergarten through college (K-16). However, contrary to existing network models described by the literature, 
networks designed to address complex emergent socio-scientific issues such as climate change and biodiversity 
loss should themselves be emergent. This paper uses a critical analysis to outline our theory of change for one type 
of impact network—the emergent network—whose structure, function, and purpose are based on the emerging 
needs of its members and the needs of a changing world; and, whose members work across borders, disciplines, 
and generations to educate for a shared transformative future. We apply our theory to a case study called the 
Network for Emergent Socio-Scientific Thinking (NESST), which brings together people with a commitment to 
think differently about educating youth for the future outlined in the United Nations Sustainable Development 
Goals (SDGs). Together, through the lens of complexity theory and emergence, we reimagine the future of K-16 
Science, Technology, Engineering, and Mathematics (STEM) Education for Sustainable Development (STEM4SD) and 
demonstrate what collaborative STEM education within the context of SDG 17 and SDG 4.7 can look like.

Policy and practice recommendations
• To achieve the UN Sustainable Development Goals, emergent networks, whose structure, function, and purpose 
are based on the emerging needs of its members and the needs of a changing world, can bring together young 
people, educators, scientists, researchers, community leaders, and museum and cultural professionals who work 
across borders, disciplines, and generations to educate for a shared transformative future.
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Introduction
STEM education for sustainable development
In the last several decades, a “STEM education” move-
ment has evolved from the idea of teaching four related 
disciplines—science, technology, engineering and math—
to a worldwide sustainability effort that “includes both 
pedagogical and andragogical activities across all devel-
opmental levels—from pre-school to post-doctorate—in 
both formal and informal settings, which has grown into 
an international movement to promote peace and human 
progress” [42].

In 1989–1991, the concept of STEM was formulated by 
Charles E. Vela [42]. It was then popularized in the early 
2000’s by the National Science Foundation and Institute 
of Medicine in the United States (U.S.) to highlight the 
importance of creating a more scientifically literate citi-
zenry and preparing students for the future workforce 
[21]. However, the vision for improving science literacy 
and diversifying the STEM workforce through more tar-
geted STEM education efforts has been difficult to real-
ize [35]. A combination of low-quality STEM teaching 
practices, rigorous grading, and failure to provide ade-
quate student supports led many STEM undergraduates, 
especially those less likely to be represented in the STEM 
workforce, to switch majors or drop out of school alto-
gether [17, 33].

In the mid-2010’s, states across the U.S. began to 
adopt new college and career ready K-12 science stan-
dards based on the Framework for K-12 Science Educa-
tion, which called for significant changes in how STEM 
is taught [36]. The Framework provided a vision of inte-
grated STEM education where there was renewed focus 
on core ideas (or key points of content learning in each 
grade), scientific and engineering practices, crosscutting 
concepts (such as systems and patterns), and student-
driven learning opportunities. The goal of the Framework 
was to ensure that all students actively engage in science 
and engineering practices and apply crosscutting con-
cepts to deepen their understanding of core disciplinary 
ideas. A focus on inquiry-based STEM education and 
preparation for a 21st Century workforce was emerging 
across the globe [13, 20, 26].

Simultaneously, Education for Sustainable Develop-
ment (ESD) was making headway globally [11]. ESD has 
two major goals: first, to support changes in knowledge, 
skills, values, and attitudes to enable a more sustainable 
and just society for all; and, second, to empower and 

equip current and future generations to meet their needs 
using a balanced and integrated approach to sustainable 
development [50]. Implementation of ESD has had mixed 
results to date [45]. A global survey conducted in 2023 
by the Smithsonian Science Education Center (SSEC) 
and Gallup revealed wide disparities in the way teachers 
across five countries reported incorporating ESD topics 
into their STEM teaching, and many reported avoiding 
complex socio-scientific topics altogether, such as those 
outlined in the United Nations Sustainable Development 
Goals (SDGs) [44]. The survey also found that there was 
high variability in which nations were including socio-
scientific topics (like climate action, clean energy, clean 
water, sustainable communities, and consumption and 
production) into the school curriculum. Of the five coun-
tries surveyed (Brazil, Canada, France, India, and the 
U.S.), educators in centralized education systems such 
as Brazil and India were more likely to report incorpo-
rating ESD topics in their curriculum compared to edu-
cators from decentralized education systems [7, 39]. 
Despite this variability, educators were consistent in their 
perspective that ESD was important because it made 
learning about STEM more meaningful by connecting 
students to their local communities and world [44].

To bring STEM education and ESD together, edu-
cation experts from Germany, the U.S., and Chile co-
authored a paper promoting the integration of ESD into 
the teaching of STEM in preK-12 classrooms with the 
goal of empowering present and future generations to 
use STEM skills and reflective reasoning to solve com-
plex sustainability problems [40]. The authors promoted 
what they called “STEM Education for Sustainable 
Development” (STEM4SD) situated within a transdisci-
plinary framework—acknowledging that complex global 
challenges would require the integration of values, eth-
ics, and worldviews into STEM teaching to build capac-
ity for future generations [40]. A follow up paper by this 
same group described why impact networks—formed to 
address complex social or environmental issues—were 
crucial for achieving STEM4SD [30].

Purpose
Using a theoretical framework that draws on complex-
ity theory and emergence, this paper employs a critical 
analysis to reimagine collaborative K-16 STEM education 
within the context of SDG 17 (Partnerships for the Goals) 
and SDG 4 (Quality Education), and in particular Target 

• Emergent networks, using the lens of complexity theory and its concept of emergence, can help individuals 
and organizations address the biggest global issues of our time as outlined by the UN Sustainable Development 
Goals. The Network for Emergent Socio-Scientific Thinking (NESST) is one example of an emergent network.

Keywords Impact networks, Emergence, Complexity theory, Critical analysis, STEM education for sustainable 
development, Socio-scientific thinking
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4.7 (Sustainable Development and Global Citizenship). It 
outlines our theory for a new type of impact network—
the emergent network—whose members work across 
borders, disciplines, and generations with a commitment 
to think differently about STEM Education for Sustain-
able Development (STEM4SD) and the need to educate 
youth for the shared transformative future outlined in 
the SDGs. To illustrate, we describe a case study of an 
emergent network called the “Network for Emergent 
Socio-Scientific Thinking (NESST)” and provide an over-
view of how the five pillars identified by NESST’s found-
ing members have been informed by complexity theory 
and emergence. We discuss why emergent networks are 
needed to achieve STEM4SD, giving voice to youth and 
educators who participate in the emergent network; and, 
we describe why emergent networks’ structure, function, 
and purpose are not predefined, but are instead based on 
the emerging needs of its members and the needs of a 
changing world increasingly dependent on STEM knowl-
edge, skills, values, and attitudes.

Theoretical framework
Many of the targets outlined in the SDGs can be classified 
as “wicked problems under conditions of complexity” [p. 
975, 1, 54], balanced across both human and non-human 
(environmental) elements. In this section, we draw on 
complexity theory and the concept of emergence as our 
theoretical lens for why emergent networks are needed to 
bring together educators, youth, and other partners com-
mitted to STEM4SD.

Complexity theory
This paper is grounded in complexity theory, a perspec-
tive that sees the world as operating via complex sys-
tems, or dynamic, continuously evolving constellations 
or networks [46, 48]. Complex systems are comprised of 
many heterogeneous elements—both human and non-
human—that interact in unpredictable ways, seemingly 
giving rise to spontaneous phenomena (or emergences) 
from chaos [46, 48]. For example, both human social 
activity, like education, and SDG issues, like climate 
change and biodiversity loss, are produced by complex 
systems comprised of many different actors, which, 
through local interactions, collectively generate emer-
gent behavior that cannot be reduced to their constitu-
ent parts [9]. We particularly draw on insights from the 
theoretical work of scholars in the social sciences [e.g., 
6, 10, 31, 46, 48] who have applied complexity concepts 
to both human and environmental activity. According to 
these scholars, complex systems have several character-
istics important for understanding their operation: they 
exist on the edge of chaos, are nested, porous, and inter-
connected, are self-organizing, and produce collective 
emergences.

A key feature of complex systems is constant disequi-
librium, which introduces measures of uncertainty and 
difference that force the system to respond [hence their 
dynamic nature). However, complex systems need just 
the right amount of disequilibrium so as not to plunge 
into total disarray. Waldrop [55], refers to this “just right” 
recipe as the “edge of chaos,” where “the components of 
a system never quite lock into place, and yet never quite 
dissolve into turbulence, either…where life has enough 
stability to sustain itself and enough creativity to deserve 
the name of life” (p. 12]. As an example, students need 
to grapple with ideas in STEM activities to produce 
meaningful learning, so introducing some dissonance is 
necessary—but too much would likely result in student 
frustration and/or disengagement.

Complex systems are also nested—they are at once 
made up of smaller networks while also part of a larger 
Nesting doll of more macro-level constellations—and 
have fluid, porous boundaries that allow for interactions 
and exchange of information between systems [10]. Com-
plex systems are therefore characterized by high levels of 
connectivity [34], both within and without: they are com-
prised of a number of interacting heterogeneous human 
and nonhuman elements while also shaping and being 
shaped by elements from other connected systems—all 
at the same time [10]. As an illustration, classrooms are 
systems within larger school systems, which are in turn 
part of district systems and policy systems. While sys-
tem interactions are unpredictable, behavior among and 
between elements and systems tends to create feedback 
loops [8], or exchanges of information in response to par-
ticular system behaviors which either correct or amplify 
the behavior.

Because of the high level of connectivity and collec-
tive behavior, complex systems are decentered—there is 
not a core entity controlling the system. They are there-
fore considered to be “self-organizing” or autopoietic 
[32], although science and technology studies scholars 
like Haraway [19], have suggested that this collective 
organizing should not be labeled “auto” (self ) but rather 
“sympoietic” (emphasizing the collaborative part of the 
co-making). This co-organization or sympoiesis, spurred 
by interactions, system changes, and forms of disequilib-
rium, gives rise to new emergences.

Emergence
Emergence, which is considered the most significant 
feature that distinguishes complex from non-complex 
systems [5], refers to collective scientific phenom-
ena or behaviors in complex adaptive systems that are 
not present in their more simplistic individual parts. 
The concept of emergence has been applied to under-
stand new developments across multiple fields—phys-
ics, biology, fine arts, and philanthropy, among others. 
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From the discovery of novel ordered states in quantum 
matter to eggs cooking, birds flocking (e.g., starlings), 
collective behavior in ant colonies, the development 
of consciousness in infants, the latest measurements 
on the early universe, or global climate change—emer-
gence is all around us [57]. Emergences are co-evolu-
tions of the whole [9], not additive or cumulative, but 
qualitatively different behaviors or activities that are 
not attributable to individual elements of the system, 
nor could be predicted from initial conditions [34, 46, 
48].

Complexity, STEM4SD, and emergent networks
Complex systems and its concepts, such as emergence, 
are highly relevant for STEM4SD. Because STEM4SD is 
characterized by multi-dimensional or “wicked” prob-
lems, the understanding that interactions between peo-
ple and matter and the environment lead to unexpected 
consequences and unpredictable behavior (i.e., emer-
gences) is essential for all students as they explore the 
complexities of the natural and man-made world [29]. 
For instance, changes in the Earth’s climate involve com-
plex interactions between the atmosphere, the ocean, 
and human behavior (connected systems), which have 
unexpected effects on global temperatures, migration 
patterns, rainfall, sea-level rise, disease, and more (the 
emergences from interactions within and among those 
systems). This kind of emergent socio-scientific thinking 
is key to teaching climate change and the related cross-
cutting concepts of patterns, cause and effect, systems, 
and energy and matter [36].

However, the teaching of STEM4SD content and skills 
is not enough. The immensely complex socio-scientific 
issues (such as climate change) of STEM4SD cut across 
many different dimensions—economic, social/cultural, 
environmental, ethical, and political—and require dis-
cussions and solutions that consider many different 
perspectives. Therefore, we also suggest that complex-
ity theory and emergence are useful for thinking about 
networks that are attempting to influence related educa-
tional knowledge and practice, such as impact networks. 
Impact networks bring people together for shared pur-
poses, such as addressing complex social or environmen-
tal issues. They are non-hierarchical with minimal viable 
structure; support every node in the network; and allow 
for the ongoing development of a resilient web of rela-
tionships, with shifting dynamics, diverse perspectives, 
and distributed leadership that can respond to change 
[12, 28, 51].

Impact networks have different functions (e.g., learn-
ing networks, movement networks, action networks, 
scale networks, and resilience networks) [30], which 
tend to have a form and a structure that can be defined 

by their degree of connections. They also have some 
form of centrality, where members are connected in 
some way: centralized, decentralized, or distributed 
[3], with critical and central specific nodes in the net-
work [30]. However, in this critical analysis, we argue 
for a new type of impact network informed by complex-
ity theory and emergence—that is, an emergent net-
work—whose structure and function emerges from its 
members who collaborate to solve complex emergent 
issues.

While most social impact network types focus on 
the function (action or operation) or purpose (the 
reason or outcome of the network exists) [12, 30, 43], 
we argue that an emergent network has no particular 
pre-defined function, and has no singular pre-defined 
purpose. Instead, an emergent network is constantly 
shifting as the sum of its member parts defines the 
whole and the complex socio-scientific issues of a 
changing world continuously emerge. We argue that 
networks designed to address complex emergent socio-
scientific issues such as climate change and biodiversity 
loss should themselves be emergent, with the goals of 
the emergent network based on the needs of its respec-
tive member organizations and the needs of a changing 
world.

Methodology
For this paper, we examined the idea that complex socio-
scientific issues require emergent networks. We applied 
a critical analysis of network activities to a case study of 
one such emergent network—the “Network for Emer-
gent Socio-Scientific Thinking (NESST)”—using com-
plexity theory and the concept of emergence. This case 
study was selected by the authors who are members 
of NESST. To present our findings from the case study, 
the authors asked the five self-identified subgroups 
(described later) within the network to reflect on their 
experiences as researcher-practitioners [18] and then 
asked each subgroup to critically analyze how they 
applied the theoretical framework of complexity theory 
and the concept of emergence to their practice. By con-
ducting this analysis, we also wanted NESST members to 
improve their own instructional practice by embracing 
the theory of complexity and the concept of emergence 
as a fundamental approach to collaboration and partner-
ship to achieve the SDGs.

This article builds on the multiple convenings and pre-
sentations given by the NESST members over the past 
two years [e.g., 47, 52] and related books and articles 
published by its members [e.g., 4, 14, 16, 30, 38]. The 
analysis of this case study is based on the contextualized 
experiences of each working group and its nested mem-
bers, who are all part of the larger network.
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Findings
Conceptualization and history of NESST as an “emergent 
network”
NESST was conceptualized during a convening in Colo-
rado by a select number of scientists and educators, led 
by physicist Dr. David Pines, whose organizations are 
affiliated with the InterAcademy Partnership (IAP), 
which represents more than 143 national and regional 
member academies to support the special role of science 
(and science education) to seek solutions to address the 
world’s most pressing challenges. The goal of NESST was 
to create a professional learning community (PLC) that 
catalyzes critical conversations about science education 
through the lens of complexity theory and emergence 
and allows its multi-sector members to identify solutions 
for engaging youth in understanding complex socio-
scientific problems. The inclusion of youth as NESST 
members was an emergence that occurred as founding 
members of NESST collectively agreed that the integra-
tion of youth as active participants in the network was 
even more important than educating youth on sustain-
able development as a goal of NESST.

Realizing this ambitious vision required educators to 
engage in collaborative conversations around new peda-
gogies and instructional styles that cultivate hands-on, 
group learning experiences where students can explore 
the complex foundations of natural and manmade sys-
tems through the lens of emergence. But how do you cre-
ate a network of partners, focused on complex emergent 
socio-scientific topics, when it is not clear who the mem-
bers might be, what topics might be the most relevant of 
the day (such as COVID-19 or climate change), and what 
needs the members might have as they work across bor-
ders, across socio-scientific topics, and across genera-
tions? Our answer was to form a network that embraced 
the construct of emergence and focused on complex 
socio-scientific topics (that is, an emergent network).

Comprised of youth, STEM educators, scientists, uni-
versity faculty, museum specialists, STEM profession-
als, and communities committed to thinking differently 
through the lens of emergence and complexity, NESST 
reimagines education for life on a sustainable planet. 
NESST is coordinated through its members who support 
and respond to the needs of each other. Youth Ambas-
sadors, Teacher Ambassadors, and Scientist Ambassa-
dors provide comprehensive perspectives and are nested 
within the larger complex system of partnership. Mem-
bers do not pay a fee to belong. Everyone commits to 
NESST as an inclusive, collaborative, action-oriented, 
emergent community of practice [2] supporting STEM 
education for a sustainable future.  NESST values, 
defined by the founding members, include:  

  • Commitment to education as a foundational element 
in a complex changing world

  • Inclusion, collaboration, and connection 
  • Balancing evidence- and research-based practices 

in STEM education with the practical needs of an 
emergent socio-scientific world

  • Honoring, embracing, and amplifying diverse ways 
of knowing and understanding 

  • Engaging and elevating youth as decision-makers in 
their own communities, and in their own education 
process

  • Embracing emergence in the context of complex 
socio-scientific issues and in the process of 
developing the network 

  • Solutions-oriented approaches to issues of 
sustainability and other complex challenges  

  • Valuing process alongside outcomes 

Applying complexity theory and emergence to NESST’s 
five pillars
NESST’s future-focused, transdisciplinary actions [24] 
aim to inspire optimism through local solutions to global 
challenges.  To that end, the founding members of NESST 
self-organized and formed five key working groups (or 
“pillars”) to advance STEM4SD through collaboration 
and partnership. Like most complex, nested systems, 
these working groups formed within the larger network, 
had porous boundaries, and allowed for exchanges within 
and across the five pillars: scholarship and research, 
resources and curricular materials, NESST as a profes-
sional learning community, engaging youth, and growing 
the network (see Figure 1). While we acknowledge that a 
different set of members may have developed a different 
set of pillars, the important point is that in an emergent 
network, the infrastructure is defined by its members, 
who self-organize, are interconnected, and produce col-
lective emergences. The network is dynamic and changes 
based on the time, needs, and emergent topics addressed 
by the members.

In the next sections, we describe how each of the five 
pillars that emerged from this particular case study pro-
vided insights into our theoretical framework of com-
plexity theory and emergence. Table  1 summarizes our 
findings by describing each of NESST’s five pillars, out-
lining the unique methods each applied to NESST’s work, 
and detailing how each pillar applied theory to practice.

Scholarship and research
To create a scholarly underpinning for the work of 
NESST, the Scholarship and Research pillar was formed 
to undertake a systematic literature review and create a 
glossary of NESST terms—including complexity theory 
and emergence—to explain how they might be useful for 
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different community and education partners. The mem-
bers used a complexity approach—for example, under-
standing the ways that different literatures are connected 
to and inform each other, and pointing out the absence 
of these connections in socio-scientific issues literature 
as a gap. After two years of virtual exchanges sharing 
insights on complexity and emergence and their applica-
tion to STEM4SD, the members of this pillar decided to 
focus on exploring socio-scientific thinking, a term co-
constructed by the members and identified as a yet-to-
be explored area of STEM4SD [47]. While many of the 
members are prolific scholars, this is the first paper the 
members—including youth—have written together. By 
publishing works on STEM4SD, socio-scientific think-
ing, complexity, and emergence, and creating a glossary 
of terms through sympoietic co-making, NESST mem-
bers are developing a shared understanding of the field 
of emergence and are contributing to a transformative 
approach to STEM4SD teaching and learning.

Resources and curricular materials
Recognizing the critical role of high-quality instructional 
materials in STEM4SD, our global survey of educators 
showed their desire for resources that integrate SDGs 
and other socio-scientific topics into their core curricu-
lum [44]. To address this need, SSEC conceptualized 
NESST to connect the 41,000 educators and 4.7 million 
students across 88 countries who reported using its free 
STEM4SD curricular resource, Smithsonian Science for 
Global Goals [4, 16, 37]. With that, the Resources and 

Curriculum Materials pillar was formed, and over a two-
year period—in collaboration with the InterAcademy 
Partnership (IAP)—the members of this pillar conducted 
a comprehensive analysis of other existing STEM4SD 
educational resources, initiated a collaborative vision-
setting process, and developed a user-friendly decision-
making tool for educators [22]. Central to the ethos of 
an emergent network was the belief in facilitating con-
nections rather than making value judgments. Through 
the development of the tool, NESST members aimed to 
help educators find resources focused on emergent top-
ics aligned with the SDGs—global climate change, bio-
diversity loss, clean energy, infectious disease—classified 
as “wicked problems under conditions of complexity” [p. 
975, 1, 54].

NESST as a professional learning community
Our research also showed teachers across the globe want 
professional development experiences to advance their 
expertise in educating for sustainable development [44]. 
Therefore, a professional learning community (PLC) pil-
lar emerged as a scaffold of NESST that stimulated cross 
sector collaboration to provide unique approaches to the 
complex challenges identified within the SDGs. The PLC 
pillar sought to leverage this unique opportunity by first 
looking inward to the international multi-disciplinary 
community of individuals within which NESST was situ-
ated. Drawing on the experience of the group’s participa-
tion within NESST along with academic literature, the 
members of this pillar created a toolkit for the design, 

Fig. 1 The Network for Emergent Socio-Scientific Thinking (NESST): five pillars
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development, and delivery of emergent PLCs [27]. 
Underpinning the PLC’s toolkit are three key principles 
in the UN’s guide for “theory of change”: (1) consultative 
development; (2) foundation in evidence; and (3) sup-
port for continuous learning [49]. These principles also 
undergird how the PLC operated as a sypoietic commu-
nity of purpose [53]. Development of the toolkit involved 
a review of articles that focused on PLCs in sustainability 
education and beyond. Each member reviewed an article 
(n = 9) and identified ‘what works’, ‘what does not work’ 
and ‘key recommendations’ in the context of successfully 
facilitating PLCs. This stage allowed members a chance 
to exchange information in response to particular system 
behaviors, which either corrected or amplified the behav-
iors in the unique context of each member’s cultural con-
text. It also highlighted the gaps between literature and 
experiences of being part of an emergent network. Each 
PLC exchange involved a number of interacting hetero-
geneous human elements (members) and non-human 
elements (toolkit, articles) while also being shaped by the 
other connected systems (pillars)—all at the same time 
[10].

Engaging youth
Dedicated to ensuring youth are part of NESST [4, 
56], the Engaging Youth pillar’s aim was to convene an 
international youth council that would increase youth 
awareness, understanding, and exploration of emergent 
socio-scientific issues in their own community, and ulti-
mately develop capacity and agency for hopeful and posi-
tive action [15, 52]. Based on research demonstrating the 
power of intergenerational conversations [25], this group 
sought out ways to integrate youth voices and perspec-
tives into the creation, development, and output of a 
Youth Ambassador program. These youth collaborated 
across generations, locations, and contexts through a 
complex dynamic system of partnerships that were con-
tinuously evolving. We encouraged the youth to interact 
in unpredictable ways, striking a balance between stu-
dent-driven self-organized actions and adult support.

One such example of developing strong partner-
ships—not only between youth and adult members of 
NESST, but with the organizations the youth were affili-
ated—can be seen through the NESST Intern Exchange 
Program, where interns from the Smithsonian Science 
Education Center and the Christa McAuliffe Center 
were given resources to explore their own initiatives, col-
laborate with other youth, and learn about other sustain-
ability work. In reflecting on their experiences, NESST 
interns Rachel Alcazar and Eliana Greenbaum noted the 
following:

Rachel: As a young person, it is very rewarding to be 
part of NESST. Through this experience, there were 

many opportunities to learn from educators, pro-
fessionals, and scholars in STEM and sustainabil-
ity education. This intergenerational collaboration 
inspires youth to explore career paths and develop 
their socio-scientific interests. As people who are still 
in school, youth can provide insight and perspectives 
that may be missed or forgotten by adults when con-
tributing to NESST’s important conversations. Pro-
viding a space for youth to make connections and 
energize themselves to address local socio-scientific 
issues is valuable for the future since education and 
sustainability work are needed more and more over 
time. By hearing youth perspectives on how to teach 
sustainability and helping them to do local projects 
that contribute to the SDGs, NESST encourages 
leadership and aims to contribute to SDGs in a very 
sustainable and self-perpetuating way.

Eliana: There isn’t just the problem that youth 
voices aren’t considered, but also that it’s difficult 
as a young person to know what work is going on in 
the professional world, how other youth are getting 
involved and how to get involved yourself. Being a 
NESST intern taught me that the connections made 
between people and their sustainability work is 
just as, if not more, important than the work itself. 
There is so much progress that can come from sim-
ply collaborating and educating each other on our 
individual work. A small-scale example of this was 
getting the chance to work with other interns. Their 
work focused on researching urban heat islands. 
This work was completely different from the sustain-
ability education work done by NESST interns, and 
even though our projects were so different, it was an 
example of how beneficial diverse networks and con-
nections are.

A key feature of working across generations, contexts, 
cultures, and time zones is encouraging just the right 
amount of disequilibrium and difference to force the 
system made up of intergenerational partnerships to 
respond, without forcing it into chaos. As these two 
interns indicated, creating networks that include both 
youth and adults are important steps to making progress 
on SDGs 17 and SDG 4 (particularly, Target 4.7).

Growing the network
NESST is grounded in complexity theory and emer-
gence, while remaining committed to fostering inclu-
sivity, collaboration, and action-oriented objectives. To 
support this overarching goal, the Growing the Network 
pillar formed. Its primary focus is on attracting various 
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community groups; maintaining and fostering efforts by 
different actors who each bring their own perspective to 
the table; existing on the edge of chaos; and promoting 
nested, dynamic, inter-connected, and self-organizing 
working groups who separately and collectively catalyze 
the long-term NESST objective of achieving a shared sus-
tainable future. Members of the Growing the Network 
pillar apprehended the dynamic nature of its role and 
recognized that defining the needs and goals of future 
NESST members cannot solely rely on today’s network 
members. Its role is vital for NESST’s growth and sus-
tainability and will be continuously challenged to main-
tain a constantly evolving NESST networking with the 
global community. A matrix of activities from the five 
pillars was developed to visualize the interconnectedness 
among activities and suggest ways to align them with 
the goals of growing NESST. By fostering collaboration, 
driving innovation, and measuring impact, the group 
contributes to NESST’s mission of creating a sustainable 
and self-governing yet emergent community dedicated to 
socio-scientific thinking and STEM4SD.

Conclusion
In this final section, we draw conclusions about the signif-
icance of emergent networks like NESST by outlining the 
values and goals of networks designed to advance STEM 
education for sustainable development (STEM4SD). We 
also discuss the implications of such collaborations to 
achieve a shared transformative future.

Significance: values and goals of emergent networks 
designed to advance STEM4SD
In this paper, we argue that complexity theory and the 
concept of emergence were crucial in the governance 
and management of NESST as an emergent network, 
because the partnerships, relationships, and outcomes of 
the network could not be disaggregated to simply reflect 
the individual members. Instead, those who were part 
of the network were able to form a complex, dynamic 
system whose outputs could not be predicted. We also 
argue that NESST and other emergent networks like it 
can be successful in achieving both SDG 17 and SDG 4 
(in particular, Target 4.7) if they place value on bringing 
together individuals and groups who are committed to 
building learning environments where its members learn 
that:

  • Emergent strategies are needed to solve complex 
problems [41].

  • Whole-system thinking requires a transdisciplinary 
approach and a cross-pollination among disciplines, 
noting that all parts of a system interact to form a 
more cohesive whole [24].

  • Learning emerges from complex behavior and can 
take place anywhere and is lifelong [46, 48].

  • Problems in one’s own life have much in common 
with societal problems; in both cases there is almost 
certainly no single cause and no single solution, 
and that this is at the heart of emergent scientific 
thinking [41].

  • The value of collaboration and teamwork includes 
developing global connections to young people of 
their own generation through work on community-
based projects [23, 33].

Members of emergent networks espouse to define the 
concept of emergent socio-scientific thinking as it applies 
to student thinking; create collaborative partnerships 
among key partners; bring together partners who can 
collectively seek funds to develop, implement, and test 
innovative ways to engage students in emergent socio-
scientific thinking as it relates to complex problems that 
face the nation and world; and, communicate regularly 
and engage—as members–in emergent socio-scientific 
thinking. As our case study of NESST shows, the mem-
bers of an emergent network exemplify a commitment 
to advancing key SDGs, including quality education 
(SDG 4), partnerships for goal achievement (SDG 17), 
reduced inequality (SDG 10), sustainable communities 
(SDG 11), innovation (SDG 9), and gender equality (SDG 
5). By fostering collaboration and resource-sharing on a 
global scale, emergent networks can lay the groundwork 
for more inclusive and equitable STEM4SD practices 
worldwide.

There are, however, limitations to consider. For exam-
ple, given their dynamic structure, emergent networks 
are difficult to establish (i.e., it takes time to understand 
the varied cultural context and needs of the members, 
both as individuals and as a collective); grow (i.e., you 
need to focus on depth over breadth when topics are 
complex); and scale (i.e., the network needs to give voice 
to the youth, educators, and others who are collaborating 
to transform STEM education for a sustainable future). 
The structure, function, and goals of emergent networks 
are not pre-determined; they are based on the make-up 
of the membership, so members who join, do so without 
any clear guidance on the path forward and the outcomes 
they will achieve together. NESST is only one example of 
an impact network that we would classify as an “emer-
gent network.” There may be other emergent networks; 
and scholars of impact networks may argue that all 
impact networks are inherently emergent, and therefore, 
classifying an impact network as emergent may seem 
redundant.
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Implications
To achieve STEM4SD, emergent networks such as 
NESST must facilitate actions that bring the differ-
ent efforts of the participating partners into a common 
framework. They must be willing to catalyze critical con-
versations on the role of emergence and emergent behav-
ior in solving complex problems through convenings 
of engaged institutions, scientists, and science educa-
tion innovators. Participants must inform, connect, and 
expand their activities based on the needs of its members. 
Through their collective impact, participants will demon-
strate firsthand how socio-scientific learning emerges. 
The focus will be on cooperation and not competition. 
Emergent networks must engage more scientists, at every 
level of their careers, and in science education and give 
them the tools and guidance to do so effectively. They 
must raise the stature of outreach, public engagement, 
and formal and informal science education so that mem-
bers can communicate and collaborate with one another 
across traditional and non-traditional boundaries.

By integrating SDG 17 and SDG 4 (with particular 
emphasis on Target 4.7) through the lens of complexity 
theory and emergence, NESST and other emergent net-
works like it can identify the grand challenges in engage-
ment that need to be addressed to substantially increase 
the number of scientists, youth, science educators, uni-
versity faculty, museum specialists, and industry partners 
who actively participate in science education, outreach, 
and communication, and make their engagement more 
effective and impactful. Together, through such collabo-
ration, we can achieve a shared, sustainable future and 
demonstrate what collaborative STEM4SD education 
within the context of SDG 17 and SDG 4 (and specifically 
Target 4.7) can look like.
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