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ABSTRACT

The Cynefin framework for decision-making categorizes problem environments into simple (known knowns), complicated
(known unknowns), complex (unknown unknowns), and chaotic (unknowables). Simple and complicated problem environ-
ments enable best and good solutions, but complex and chaotic problem environments require emergent and novel solutions.
Arguing that sustainability problems are complex and chaotic, this study applies the Cynefin framework of decision-making in
complex and chaotic problem environments as a lens for sensemaking and reframing of sustainability competencies, resulting in
proposing a suite of sustainability competencies to address complex and chaotic problems. Five competencies are proposed and
defined, including: reflective action, critical systems thinking, boundary spanning, active empathy, and pathfinding. These are
the first suite of sustainability competencies that are problem-based, processual, and integrated in nature, involving a sequential
relationship between the competencies grounded on the Cynefin problem-solving steps. This enables systematic learning of these
competencies in a single instructional project, hence facilitating deep relational learning. Furthermore, the study proposes an
instructional design that situates learning of these competencies in human cognitive architecture to reduce extraneous cognitive
load on the limited working memory and encourage long-term memory construction. The study hypothesizes that each compe-
tence is best learned through a tailored set of the nine human intelligences identified by the theory of multiple intelligences. For
example, the competence of critical systems thinking, defined as the ability to account for known, unknown, and unknowable
relationships in a problem context, is best learned through logical-mathematical intelligence and spatial intelligence—which
help analyze known problem relationships, naturalistic intelligence—which helps reflect on unknown problem relationships,
and existential intelligence which helps consider unknowable problem relationships.

1 | Introduction Following the proclamation of the United Nations Decade of

Education for Sustainable Development (2005-2014), studies

The United Nation's (2025, 2) Sustainable Development Goals
Report finds that “only 35 per cent of SDG targets are on track
or making moderate progress. Nearly half are moving too slowly
and, alarmingly, 18 per cent are in reverse.” Ziafati Bafarasat
et al. (2025) in this context highlight shortcomings of sustain-
ability education to adopt a problem-based approach and prepare
learners for messy real challenges in personal and professional
situations.

about sustainability competencies have been on a steep rise.
Competency is defined as “an integrated set of knowledge,
skills and attitudes to successfully perform tasks in authentic
environments” (Ziafati Bafarasat et al. 2025, n.p.). These stud-
ies have identified competencies needed to capacitate learners
to become change agents and take action—as professionals,
decision-makers and citizens, for example, to end poverty and
combat inequalities and marginalization; to address health risks
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and promote wellbeing; to confront economic problems; and to
address climate change and other environmental challenges,
and to do so with a holistic perspective (Brundiers et al. 2021;
Lambrechts and Van Petegem 2016; Price et al. 2024; Salonen
and Siirild 2019; United Nations 2015).

As studies in this field mature, Bianchi (2020, 51) notes, “there
is a high degree of convergence among scholars, and between
academic and grey literature, on what key competences in sus-
tainability are.” However, there is a lingering critique that by
focusing on compartmentalized abilities, sustainability com-
petencies struggle in whole-of-learner development for real
problem contexts (Elliot 2007; Lotz-Sisitka and Raven 2009;
Mochizuki and Fadeeva 2010; Ziafati Bafarasat et al. 2025).
Some note “shallow or inadequate interpretations of the com-
petence framework” (Lotz-Sisitka and Raven 2009, 317) that fail
to approach sustainability learning with a systematic problem-
based perspective (Sinakou et al. 2022). Subsequent research re-
iterates these limitations of sustainability education, particularly
focusing on the need to tailor competencies to different stages
and aspects of problem solving (Michel et al. 2023; Torsdottir
et al. 2024). Beagon et al. (2023) believe that one way to address
these critiques and turn education into a real game changer for
sustainable development is to focus on a suite of broad compe-
tencies tailored to the process of addressing sustainability prob-
lems. Bianchi (2020) and Ziafati Bafarasat et al. (2025) call for
a “suite” of competencies which enable learners to address real
problems of sustainability in their entirety, including different
stages and aspects of these problems. Wiek and his colleagues
tried to address this gap by adding a new competence, entitled
meta-competence, which involves using and interlinking their
other five key competencies to solve sustainability problems
(Wiek et al. 2016). However, this does not change the nature of
their competencies or interlink them by nature in a process of
problem solving.

Asking what suite of competencies enable learners to address
complex and chaotic problems of sustainable development, the
present study aims to fill this gap through recombining evi-
dence from the literature in a methodology of “sensemaking
and reframing” resulting in novel conceptual findings and some
supporting instructional hypotheses that will follow. The study
also situates its significance in debates about a new sense of
purpose for universities, focusing on enabling learners to: (a)
address wicked problems in real life and professional situations
(Ramaley 2014), and (b) serve the goals of sustainable devel-
opment (Shephard 2015). These two missions are interrelated.
Sustainability problems are viewed as wicked or complex and
chaotic; even some view sustainable development as a wicked
problem because of its many interdependent factors with contra-
dictory and changing requirements making them seem impossi-
ble to solve (Murphy 2012).

The Cynefin [a Welsh word for habitat] framework created by
Dave Snowden (Snowden 2002, 2010; Snowden and Boone 2007)
categorizes problem environments in a spectrum of simple,
complicated, complex, and chaotic according to growing dif-
ficulty and confusion. As Figure 1 indicates, simple problem
environments are defined by their stability and clear cause-and-
effect links that are apparent to all. This is the realm of “known
knowns.” It is possible for decision-makers to explore the best
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FIGURE 1 | Problem environments in the Cynefin framework
(Reconfigured from: Snowden and Boone 2007, 4).

solution to these problems. This requires that decision-makers
first assess the facts of the situation or “sense” them, and then
categorize facts and respond to them. Complicated problem
environments may offer several correct answers, and while a
clear cause-and-effect relationship exists, it may not be visible
to everyone. They represent the realm of “known unknowns.”
While decision-makers cannot find the best solution to compli-
cated problems, it is possible to find good solutions. Addressing
complicated problems requires decision-makers to sense them,
analyze relationships, and then respond to these problems.

In a complex problem environment, right answers cannot be eas-
ily uncovered; instead, helpful patterns can emerge if decision-
makers engage in experiments that are safe to fail. This is the
realm of “unknown unknowns,” and emergent solutions which
require decision-makers to experiment first, then sense, and
finally respond. In a chaotic context, seeking right answers is
futile. The cause-and-effect relationships are impossible to iden-
tify because they are in constant flux. This is the realm of “un-
knowables,” rapid action, and novel solutions. In this context,
the required immediate job is “is not to discover patterns but to
stanch the bleeding” (Snowden and Boone 2007, 5). Addressing
chaotic problems requires decision-makers to first take action
to create order, identify areas of stability, and then work to shift
the situation from chaos to complexity. The fifth context, dis-
order, is applicable when it is uncertain which of the other four
contexts is dominant, hence requiring decision-makers to break
down the situation and assign each resulting component part
to one of the other four realms (Snowden 2011; Snowden and
Boone 2007).

Sustainable development emphasizes the social dimension of
human needs, the environmental dimension, and the imperative
to preserve the ecosystem ability to provide services in the future
(Spangenberg 2014; Ziafati Bafarasat et al. 2023). It sets a path of
contradictions with “unknown unknowns” and “unknowables”
for our capacities, meaning that its problem contexts are com-
plex and chaotic, with emergent relationships and discontinuous
transitions that are difficult or impossible to uncover (Caskey
and Williams 2025; Scoones et al. 2007; Wiek et al. 2011).
Addressing these problems, which extend across various
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FIGURE 2 | PRISMA 2020 flow diagram of scoping the literature about sustainability competencies (Author, template from: PRISMA 2024;

https://www.prisma-statement.org/prisma-2020-flow-diagram).

domains, timescales, levels, and geographies (Lambrechts and
Van Petegem 2016; Ziafati Bafarasat and Pugalis 2020), accord-
ing to the Cynefin framework requires following the trio of steps
for emergent and novel problem solving—that is “act/probe -
sense — respond.” Section 2 explains a methodology of “sensem-
aking + reframing” of sustainability competencies according to
these Cynefin problem-solving steps in order to arrive at an in-
tegrated and processual suite of sustainability competencies for
complex and chaotic problems. Section 3 presents the results of
this, and Section 4 provides the second novel contribution of this
study suggesting tailored cognitive instruction of the proposed
competencies through focusing on particular intelligences to
deep learn each competence. Section 5 provides the conclusions
of the study and their implications for future practice and re-
search about sustainability learning.

2 | Methodology: Sensemaking + Reframing

The methodology of this study is called ‘sensemaking+ re-
framing’—a process of knowledge recombination first intro-
duced by Ziafati Bafarasat et al. (2025) to integrate evidence
between different fields that have similar ontological and
epistemological foundations. To administer this methodology,
at first a scoping review of the literature about competencies
for sustainable development was conducted with the search,
identification, screening, and inclusion of records according
to the JBI scoping review guidelines (Aromataris et al. 2024)
and PRISMA-ScR checklist (see Tricco et al. 2018) as reported
in Figure 2. As Figure 2 indicates, a search string of sustain-
ability OR sustainable development AND competency OR com-
petence OR competencies OR (skill AND knowledge and values
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TABLE1 | The analytical process of sensemaking + reframing (Author's illustration).

Reframing of

sustainability

competencies
(inductive analysis)

Sensemaking of
sustainability
competencies

(deductive analysis)

Steps to address complex
and chaotic problems in
the Cynefin framework
(Snowden 2010, 2011;
Snowden and Boone 2007)

1. Act/probe: Act to stop immediate
harm/engage in experiments that are
safe to fail (Snowden and Boone 2007)

2. Sense: Assess relationships in
the problem context (Snowden
and Boone 2007)

3. Respond: Solve problems in
contextually appropriate ways
(Snowden and Boone 2007)

OR attitudes OR ethics) resulted in identifying 94 records from
Web of Science and 201 from Google Scholar. Identification of
records was based on a principle of “saturation” (see Ziafati
Bafarasat 2021; Ziafati Bafarasat and Sharifi 2024). In other
words, records returned in these web search platforms were
sorted by relevance, and all records from the first one until
three consecutive records that had less relevant titles were
identified to proceed to the next screening step. Figure 2 indi-
cates that the screening process undertaken on these records
resulted in their reduction to 87 records. These records were
supplemented manually with 12 records from stakeholder
organizations, meaning that 99 records entered the analyti-
cal process of sensemaking + reframing to identify a suite of
problem-based competencies for sustainable development as
shown in Table 1.

Sustainability competencies were identified and summarized
from the included records. They were then analyzed deduc-
tively (Table 1) according to the Cynefin framework for com-
plex and chaotic problems (Snowden 2010, 2011; Snowden and
Boone 2007). In this sensemaking process, 16 sustainability
competencies were included and defined, but a subsequent com-
parative analysis merged similar competencies, resulting in 10
sustainability competencies corresponding with the Cynefin
framework. After this deductive analysis, the 10 competencies
underwent inductive analysis intended to reframe them as a
suite of competencies to address complex and chaotic problems
of sustainable development. This resulted in five integrated and
processual competencies presented in the next section as a novel
contribution of this study.

3 | A Suite of Competencies to Address Complex
and Chaotic Problems of Sustainability

Table 2 includes the findings of deductive-inductive analyses
undertaken toward an integrated, processual suite of compe-
tencies for complex and chaotic problems of sustainability. The
resulting competencies, which are broad to support situated
elaboration and local discretion, are termed and defined by this
study as follows:

i. Reflective action: the ability to design and drive, after con-
sideration of multiple options, small fixes to urgent sus-
tainability problems, and reflect on their outcomes;

ii. Critical systems thinking: the ability to account for known,
unknown, and unknowable relationships in a problem
context;

iii. Boundary spanning: the ability to cross technical, cultural,
disciplinary, and professional boundaries to cooperate in a
problem context;

iv. Active empathy: the ability to stand for (silent) sufferers of
sustainability problems; and

v. Pathfinding: the ability to provide anticipatory solutions for
evolving sustainability problems before they fully manifest

This suite of five proposed competencies addresses two main
gaps in the literature. Firstly, in contrast to previous studies
about sustainability competencies, they are situated in complex
and chaotic problems that are defining features of sustainable
development. Secondly, these five competencies are not a set of
distinct abilities as in other sustainability competencies; by con-
trast, these five competencies are both integrated and processual,
corresponding to the Cynefin sequential steps (Snowden 2010,
2011; Snowden and Boone 2007) in addressing complex and cha-
otic problems (Figure 3). While reflective action emphasizes the
ability to act swiftly but cautiously on urgent sustainability prob-
lems despite knowledge barriers in complex and chaotic environ-
ments, critical systems thinking and boundary spanning focus on
expanding perspectives and cooperation to address unknowns in
the problem environment and account for unknowables. Active
empathy applies the insights and networks achieved in this pro-
cess to stand for sufferers of sustainability problems, including in
pathfinding. Pathfinding provides strategic solutions for known
and unknown sustainability problems in an emergent context.
The processual nature of these competencies enables their con-
solidation into a single instructional project. To further support
deep relational learning of these competencies for different
learning communities and intelligence profiles, the next section
suggests their tailored cognitive instruction, providing a hypo-
thetical method based on human cognitive architecture.
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FIGURE 3 | The five problem-based competencies for sustainable development are processual, enabling instructors to integrate them in a single

learning project (Author's illustration).

4 | Learning of the Sustainability Competencies
Through Multiple Intelligences

This study suggests deep learning of the proposed competencies
by situating their instruction in human cognitive architecture
as explained by cognitive load theory. Cognitive load theory has
been in continuous development since the 1980s, with new details
and critiques following empirical tests, but basic principles of the
theory about human cognitive architecture and their implica-
tions for instructional design remain valid (Ngandoh et al. 2025;
Sweller 2023, 2024; Zou et al. 2025). Sweller (2023, 17) in this
context notes that: “A major contribution of cognitive load theory
has been to alert the field of instructional design to some very
basic and very well-known characteristics of human cognition.”

The theory holds that the design of learning activities should
understand, accommodate, and align the learner's cognitive
system, the learning material, and interactions between both
(Schmidt et al. 2007). Cognitive load theory is, in particular,
concerned with complex learning material where learners
are overwhelmed by the number of information elements and
their interactions (Paas et al. 2004). The theory argues that
human cognitive architecture consists of two main compo-
nents, including (i) a working memory which is responsible
for processing and learning of new information but is very
limited—both in the number of elements it can process and its
duration, and (ii) an unconscious, unlimited long-term mem-
ory which stores well-learned material handled earlier by the
working memory (Jiang 2024; Sweller et al. 1998). In other
words, all new information is initially processed by the work-
ing memory and, if learned well, is then stored in the long-
term memory for later use (Sweller et al. 2019). Long-term
memory stores knowledge of mechanisms or board configu-
rations and the appropriate actions associated with those con-
figurations, hence supporting expertise or high-skill abilities
(Jiang 2024; Sweller 2003).

Cognitive load theory suggests that to stimulate interest, depth,
and stability in learning, instructional designs should explore
ways to reduce working memory load while supporting long-
term memory construction (Sweller 2024; Sweller et al. 1998).
Sweller et al. (1998) identify three types of cognitive load, includ-
ing intrinsic, extraneous, and germane. From these, intrinsic
cognitive load cannot be changed by instructional interventions
because it is intrinsic to the material to be learned, but extra-
neous cognitive load is unnecessary cognitive load and should
be reduced by instructional interventions. Germane cognitive

load, created through learning activities like asking students
about examples or making examples incomplete so that students
have to complete them, supports long-term memory construc-
tion and should be increased if total cognitive load is not exces-
sive for the limited working memory (Klepsch and Seufert 2020;
Sweller 2024; Sweller et al. 1998).

Education for sustainable development creates high intrinsicload
due to high element interactivity in the information that needs
to be processed for learning. According to Sweller (2003, 216),
when element interactivity is high in the learning content, it
means “all of the information with its multiple elements must
be processed simultaneously, imposing a heavy cognitive load.”
Learners might respond to high cognitive load by rote learning
as observed by some studies about instructing content related
to sustainable development (Khalid Malik et al. 2022; Murtaza
and Magbool 2024). Sweller (2003) argues that the reason rote
learning of highly interactivity material occurs more often is
because learning of individual elements without learning their
relations can reduce cognitive load dramatically. Education for
sustainable development should therefore decrease extraneous
cognitive load as much as possible through instructional design
to support the high intrinsic cognitive load involved in learning,
and, where total cognitive load allows, increase germane cogni-
tive load.

Sweller et al. (1998) argue that a fundamental strategy to re-
duce extraneous cognitive load is to increase sensory input
channels in learning, hence reducing interference of infor-
mation and pressure on the working memory to process rela-
tional information in a single channel (see also Mayer 2024;
Reed 2006; Sorden 2005; Surbakti et al. 2024). Paivio's (1986)
dual-coding theory, subsequently supported by empirical
evidence (Paivio 2014a; Wooten and Cuevas 2024), identi-
fies two sensory input channels in the working memory, one
verbal and the other nonverbal (including appearance, smell,
touch., etc.) (Paivio 2014b). Baddeley (1986) argues that ef-
fective working memory capacity can be increased by using
these two channels together in multimedia instruction rather
than using one or the other alone (Sorden 2005). For example,
Mayer (2001) found that students learn complex information
better from animation and narration than from animation
and on-screen text as the former reduces interference of in-
formation and hence extraneous cognitive load by using both
sensory channels. Mayer's (2001, 2022, 2024) cognitive theory
of multimedia learning similarly emphasizes instructional in-
tegration of both sensory channels.
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This study argues that instructional applications of cognitive load
theory and dual-coding theory are best unleashed in integration
by using the theory of multiple intelligences. The theory of multi-
ple intelligences was first developed by Howard Gardner (1983) in
his book Frames of Mind after years of his study and observation
on gifted and handicapped children (see also Bas 2016). His the-
ory challenged the classic notion of intelligence in several ways,
but most importantly, it argued that several relatively autonomous
intelligences are at work, not just verbal and logical intelligences,
and that individuals have different strengths and weaknesses in
their intelligences profile (Gouws 2007; Sithara 2025). The the-
ory, empirically supported by neuroscientific studies (Shearer and
Karanian 2017), identifies nine forms of talents or intelligences,
including verbal-linguistic, logical-mathematical, spatial, musi-
cal, bodily-kinesthetic, naturalistic, existential, interpersonal, and
intrapersonal intelligence as defined in Table 3 (Chikezie 2024;
Gardner and Hatch 1989). The theory of multiple intelligences

TABLE 3 | Nine intelligences in the theory of multiple intelligences
(Author's illustration, based on McClellan and Conti 2008, 15).

Intelligence Definition

Verbal-linguistic “the ability to understand, use,
and manipulate written or

spoken words productively”

Logical-mathematical ~ “the elevated skill of manipulating
and understanding numbers and

the ability to reason effectively”

Musical “the ability to appreciate,
distinguish, compose, and perform
in various musical forms”
Spatial “being able to see an image or

situation and quickly assess areas
that could be changed to transform
or improve the appearance”

Bodily-kinesthetic “the proficiency of using the
entire body to express ideas and
feelings and the competence
of using the body to produce

or transform things”

“knowing oneself and acting
to modify oneself based
on that knowledge”

Intrapersonal

“the proficiency of an
individual in perceiving the
moods, aims, motivations,
and emotions of others”

Interpersonal

Naturalistic “the ability to appreciate,
categorize, classify, explain,
and connect to things

encountered in nature”

Existential “the appreciation of spirituality
and understanding questions
about life. This intelligence
relates to exploring human

existence in the universe”

advocates for individual-centered education which helps learners
develop the intelligences they are weaker in and takes instruc-
tional advantage of the intelligences in which they are stronger
(Gardner 1983, 2008; Gray and Waggoner 2002; Khan et al. 2025).
This means that the teacher should integrate intelligence modal-
ities in the classroom, continuously shifting in this integration to
support different profiles of intelligences (Bas 2016; Phillips 2010).
Shifts to intelligence modalities in which students are stronger
support learning of high interactivity material, and shifts to intel-
ligence modalities in which students are weaker focus on learning
simple or low interactivity information.

The theory of multiple intelligences has three important implica-
tions for designing cognitive instruction with direct relevance to
sustainability education which causes high intrinsic load. The first
is increasing the menu of learning modalities and providing nine
options to choose and blend in spreading learning to the verbal and
nonverbal channels in the working memory, hence enabling flex-
ibility in reducing extraneous cognitive load while remaining fo-
cused on the concepts that need to be learned, “rather than trying
too much to entertain” (Sorden 2005, 265). The second implication,
this study argues that, is to reduce extraneous cognitive load be-
yond the mechanism of distributing learning modalities between
the verbal and nonverbal channels as suggested by cognitive load
theory, and that is through tailoring of learning modalities to spe-
cific intelligences profiles of learners. The third implication, which
is hypothesized in this study;, is to reduce extraneous cognitive load
and support long-term memory construction by tailoring learning
modalities to intended learning outcomes. This hypothetical con-
tribution is explained below for tailored modalities learning of the
five sustainability competencies identified in the previous section.

Table 4 hypothesizes what intelligences best support learning of
each of the five problem-based competencies for sustainability,
and how. This is situated in a context where very few studies are
available about the relationships between multiple intelligences
and sustainability learning outcomes. Cuadrado-Ballesteros
et al. (2025), for example, find in their study that the most fre-
quently engaged intelligences in a sustainability learning project
were interpersonal, intrapersonal, linguistic—verbal, and spatial,
but configurations of the most supportive intelligences showed
some small variations between different themes of sustainabil-
ity learning—for example, learning gender equality was best
supported by verbal-linguistic; intrapersonal, and intrapersonal
intelligences. Giiven and Uyulgan (2021) observe that bodily-
kinesthetic intelligence and spatial intelligence better support
learning of ecological awareness, and Tabassum et al. (2024)
highlight the role of intrapersonal intelligence in the compe-
tence of digital literacy. Reviewing the literature about the roles
of multiple intelligences in learning managerial competence,
D'Silva and Pande (2025, 1450) note that “MI [multiple intelli-
gences| and managerial competence have been widely studied
in isolation, their integration remains significantly underrepre-
sented, accounting for only ~0.015% of published research.”

As Table 4 indicates, the competence of active empathy is well
learned through all of the nine intelligences, suggesting that it is
easier for learners with various intelligence profiles to acquire.
However, from these intelligences, some best support learning
of “being affected” due to enhancing other-related emotional re-
actions involved in feeling what the other person is experiencing
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TABLE4 | Tailored learning of the problem-based sustainability competencies through multiple intelligences (Author's hypothetical reflections—
last column based on Nicholson-Nelson 1998).

Problem-based
sustainability
competencies

Most supportive intelligences

Learning activities

1. Reflective action
(the ability to design
and drive, after
consideration of
multiple options,
small fixes to urgent
sustainability
problems, and reflect
on their outcomes)

2. Critical systems
thinking (the ability
to account for
known, unknown,
and unknowable
relationships in a
problem context)

3. Boundary
spanning (the ability
to cross technical,
cultural, disciplinary,
and professional
boundaries to
cooperate in a
problem context)

4. Active empathy

Verbal-linguistic
intelligence

Logical-mathematical

intelligence

Spatial intelligence

Interpersonal intelligence

Naturalistic intelligence

Logical-mathematical

intelligence

Spatial intelligence

Naturalistic intelligence

Existential intelligence

Interpersonal intelligence

Intrapersonal intelligence

Verbal-linguistic
intelligence

Musical intelligence

Intrapersonal intelligence

- Engaging with evidence
about problems
- Discussing and debating problems

- Classifying problems and responses

- Reflecting on options
before and after action
- Analyzing problem relationships

- Identifying areas in
need of intervention
- Assessing areas affected by
problems and interventions

- Understanding feelings,
interests, and objectives of
problem stakeholders

- Considering problems and
reflecting on fixes in connection
with ecosystems and their services

- Analyzing known
problem relationships

- Reflecting on unknown
problem relationships

- Considering unknowable
problem relationships

- Adapting to different perspectives,
languages, and frameworks
of problem stakeholders

- Being affected by

Learning activities involving
reading, hearing, speaking,
writing, discussing, and debating

Learning activities involving working

with patterns and relationships,
classifying, categorizing, etc.

Learning activities involving
working with pictures, maps,
visualizing, drawing, etc.

Learning activities involving
interviewing, group projects,

interdisciplinary collaboration, etc.

Learning activities which involve

working in nature, exploring living
things, plants, and natural events, etc.

ME?

ME
ME

Learning activities involving
reflection on life purpose and path

ME

Learning activities involving self-
paced and self-reflecting work

ME

Learning activities
involving composing and
performing, singing, etc.

ME

(the ability to stand . s . sustainability problems
. Existential intelligence
for (silent) sufferers
of sustainability Naturalistic intelligence
bl
problems) Bodily-kinesthetic Learning activities involving
intelligence touching, moving, smelling,
role-playing, etc.
Interpersonal intelligence - Acting in solidarity with sufferers ME
of sustainability problems
Verbal intelligence ustainabiity p
Logical-mathematical
intelligence
Spatial intelligence
Musical intelligence
(Continues)
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TABLE 4 | (Continued)

Problem-based
sustainability
competencies

Most supportive intelligences

Learning activities

5. Pathfinding (the Logical-mathematical

ability to provide intelligence
anthpatory . Verbal-linguistic
solutions for evolving . .

. intelligence
sustainability
problems before they Interpersonal intelligence
fully manifest)

Spatial intelligence
Naturalistic intelligence

Existential intelligence

- Crafting long-term strategies ME
for sustainability problems

- Situating strategies in
uncertainty and emergence

2Mentioned earlier.

and creating affective cognitive traces which resonate in sub-
sequent experiences (Versace et al. 2009; Wagner et al. 2015),
whereas the other intelligences best support learning of full
empathy as “being affected and acting in solidarity.” The com-
petencies of critical systems thinking and boundary spanning
are best learned through four intelligences, such as naturalistic,
existential, musical, and spatial intelligences. These competen-
cies are therefore difficult for a wider range of intelligence pro-
files, hence requiring more focus in learning these competencies
on distributing information across the verbal and nonverbal
channels. The competence of reflective action is best learned
through five intelligences, from the commonly used verbal-lin-
guistic and logical-mathematical intelligences to naturalistic
and spatial intelligences, hence accommodating a wider range
of personal talents profiles. The competence of pathfinding, or
the ability to provide preventive solutions for known and un-
known sustainability problems, involves learning very high in-
teractivity content, but it is best supported by six intelligences,
suggesting it is possible for most intelligence profiles to engage
with despite the competence requiring dealing with long-term
uncertainties.

5 | Conclusions

The Cynefin framework for decision-making categorizes prob-
lem environments into simple (known knowns), complicated
(known unknowns), complex (unknown unknowns), and cha-
otic (unknowables). Simple and complicated problem environ-
ments enable best and good solutions, but complex and chaotic
problem environments require emergent and novel solutions.
Arguing that sustainability problems are complex and chaotic,
this study applied the Cynefin framework of decision-making in
complex and chaotic contexts as a lens for sensemaking and re-
framing of sustainability competencies, resulting in proposing a
suite of sustainability competencies to address complex and cha-
otic problems. Five competencies were proposed and defined,
including reflective action, critical systems thinking, boundary
spanning, active empathy, and pathfinding.

Reflective action is the ability to design and drive, after consid-
eration of multiple options, small fixes to urgent sustainabil-
ity problems, and reflect on their outcomes. Critical systems

thinking is the ability to account for known, unknown, and
unknowable relationships in a problem context. Boundary
spanning is the ability to cross technical, cultural, disciplinary,
and professional boundaries to cooperate in a problem context.
Active empathy is the ability to stand for (silent) sufferers of
sustainability problems. Pathfinding is the ability to provide an-
ticipatory solutions for evolving sustainability problems before
they fully manifest. These were introduced as the first suite of
sustainability competencies that are problem-based, processual,
and integrated in nature, involving a sequential relationship
between the competencies grounded on the Cynefin problem-
solving steps. This enables systematic learning of these compe-
tencies in a single instructional project, hence facilitating deep
relational learning.

Furthermore, the study proposed an instructional design that
situates learning of these competencies in human cognitive
architecture, as explained by cognitive load theory, in order to
reduce extraneous cognitive load on the limited working mem-
ory and encourage long-term memory construction in process-
ing highly relational material. It was explained that cognitive
load theory argues that the design of learning activities should
understand, accommodate, and align the learner's cognitive
system, the learning material, and interactions between both.
Learning high interactivity material, such as sustainability com-
petencies, could overwhelm learners by the number of informa-
tion elements and their interactions, meaning that it puts high
intrinsic cognitive load on the working memory which, accord-
ing to cognitive load theory, should be addressed by reducing ex-
traneous cognitive load and interference of information through
spreading learning between the verbal and nonverbal sensory
input channels in the working memory as identified in the dual-
coding theory.

The study hypothesized there are two more mechanisms to re-
duce extraneous cognitive load than the dual sensory channels
emphasized by the cognitive load theory. It argued that tailor-
ing learning modalities to learning content and talent profiles
of learners could also help reduce extraneous cognitive load.
Reflecting on this, the study suggested and explained that each
of the five sustainability competencies is best learned through
a particular set of the nine human intelligences identified by
the theory of multiple intelligences, and that instructors keep
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shifting in tailored multimodal teaching of these competencies
to support different intelligence profiles of students.

The findings of this study involve novel implications for educa-
tion policy, instructional design, and research about problem-
based learning and education for sustainable development.
Cognitive studies about education are encouraged to test the hy-
pothesis that tailoring learning modalities to learning content
reduces extraneous cognitive load and supports long-term mem-
ory construction. More specifically, future research is encour-
aged to examine the hypothetical assignment of most supportive
intelligences to each of the five sustainability competencies.
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