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A B S T R A C T   

This paper explores how the linkages between quality education, education for sustainable development (ESD), and 
disaster risk reduction (DRR) education may be strengthened and functionalised through the application of 
“adaptive capacity” as a common learning objective. Adaptive capacity is recognised as an important element in 
building social resilience and thus supporting disaster risk reduction. Five pedagogical aspects of learning for 
adaptive capacity are introduced as a means to strengthen pedagogical design and enhance a “phronetic 
approach” to sustainability learning. These pedagogical aspects are then examined from a practical standpoint 
through the review of four secondary DRR education cases. Learning for adaptive capacity supports pedagogical 
design, strengthens learning processes for competency development, and may be aligned with the main goals for 
achieving quality education for sustainable development – applying a well-developed curriculum, improving the 
quality of teaching methods, establishing a safe and effective learning environment, and inspiring cooperative 
and transformative learning.   

1. Introduction 

The 193 member states of the United Nations General Assembly, on 
the 25th September 2015, agreed on a new global agenda for sustainable 
development. The scale and ambition of this agenda are captured in the 
17 Sustainable Development Goals (SDGs). This global agenda is 
detailed in the document Transforming our World: the 2030 Agenda for 
Sustainable Development [1] with the aim to achieve these goals by 2030. 
“We are determined to take the bold and transformative steps which are 
urgently needed to shift the world on to a sustainable and resilient path” 
[1]. The 2030 Agenda and the SDGs reflect a holistic perspective to-
wards sustainable development that incorporates people, planet, pros-
perity, peace and partnerships into their overall framework. 

This is effectively an international agreement to dramatically re- 
structure our societies and re-organise our patterns of development 
over a very short period-of-time and to do so while facing unprecedented 
changes in the climate and ecosystems around us. In order to reach the 
ambition of the sustainable development agenda, we need to develop 
new perspectives and search for solutions that balance social, economic 
and environmental dimensions and strengthen system interlinkages. 
Human society will work to find a path towards sustainable 

development, while at the same time responding to a changing climate, 
extreme weather events, and increasing pressure on natural resources 
and ecosystems. How can we best prepare for change, and what role will 
education play in this? 

This, in part, relies on the importance of education for sustainable 
development (ESD) and its ability to link learning to the contexts and 
challenges of everyday living. Education for sustainable development 
aims to empower people with values, skills and knowledge, which will 
help them become active agents of change in their own lives and in their 
wider society. “ESD pedagogies do more than facilitate learning of 
knowledge—they promote learning of skills, perspectives and values 
that sustainable societies require” [2]. Additionally, this depends on 
education for disaster risk reduction (DRR) that strengthens the capac-
ities of individuals and communities to act with foresight to build 
resilience and to react to extreme events strategically and rationally to 
avoid disastrous consequences. An important challenge for education in 
addressing both sustainable development and disaster risk reduction is 
the empowerment of people to collectively transform their realities to 
envision and create more resilient and sustainable futures. 

Education for sustainable development has a primary focus on 
enabling learners with the capacities and competencies to relate learned 
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knowledge, skills and values towards addressing and overcoming real 
world challenges. ESD is strongly focused on educational practice, or the 
E in ESD; it is not just about including SD knowledge within the contents 
of the curriculum. With a leaning towards educational reform/ 
improvement and enabling the conditions for transformative learning, 
ESD has recently been recognised as a model that directly strengthens 
the implementation of quality education [2–4]. A key challenge of 
quality ESD is thus ensuring the relevance of education and the appli-
cability of knowledge and competencies for addressing sustainability 
challenges. This focusses on developing lifelong learning competencies 
needed to address sustainability across diverse contexts [5,6]. 

Education for sustainable development is oriented towards whole 
system perspectives, and it aims to achieve learning for change. In 
practice, this means a focus on cross-curricular and interdisciplinary 
approaches to teaching and a greater effort to link classroom learning to 
real-world application. ESD promotes a view of quality education that is 
concerned not just with measurable learning outcomes and national 
standards, but rather with encouraging lifelong learning and developing 
the skills, values and competencies of learners to become agents of 
change. ESD uses participatory, active learning methods that promote 
experiential education, collective problem solving and democratic dia-
logue. Several authors place strong emphasis on the pedagogical nature 
of ESD and emphasise that the learning processes play a more significant 
role than the sustainability contents [6–9]. 

DRR perspectives in education have focussed significantly on school 
safety, and while there has been an effort to strengthen learning for DRR, 
this has not had significant linkage to the examination of the overall 
quality of education. However, it is possible to recognise strong simi-
larities between the desired skill and competency development in ESD 
and DRR. “Drawing upon different stages of the commonly described 
disaster management cycle, DRR education calls for systemic and sys-
tematic attention to the hazard combined with preparedness and resil-
ience building so as to avoid the hazard morphing into disaster” [10]. As 
much of the training on DRR occurs in non-formal settings and for local 
communities, many DRR learning activities have not been developed to 
connect to a more comprehensive educational model. Following the 
International Decade for Natural Disaster Reduction during the 1990s, 
DRR education has increasingly been characterised by experience-based 
and action-oriented learning, as well as with efforts to bridge formal and 
non-formal education and with the school serving as a central learning 
hub [11]. The “comprehensive school safety framework” aligns three 
pillars: safe learning facilities (i.e., the physical structure of schools), 
school disaster management (i.e., assessment, planning and manage-
ment), and risk reduction and resilience education (i.e., teaching and 
learning approaches that include ESD) [12]. Where DRR education is 
established in formal settings or with a level of continuity and pro-
gressive development, then a more thorough review may be conducted 
on the links between ESD and DRR learner development. 

DRR education is gaining greater placement within school curricu-
lums in a structured manner, and in this form it is strengthening the 
application of knowledge, skills and values learned in the classroom to 
tackle real-life challenges. It can lead to enhanced civic participation 
and engagement in decision-making processes, especially by young 
learners [13]. Apronti et al. highlight though that equally important to 
the contents of DRR education are the teaching, learning and evaluation 
techniques that are used [14]. Muttarak and Pothisiri find that higher 
levels of education can lead to better translation of previous experiences 
into future preparedness and increase the impacts of additional DRR 
training activities [15]. Benadusi stresses that awareness raising alone is 
not effective in DRR, and argues that an approach that involves local 
communities in identifying the threats present in their specific context 
and finding appropriate solutions to mitigate these threats is essential in 
building capacity for DRR [16]. While Mercer et al. demonstrate how 
participation in identifying and examining such threats can be an 
important way to value indigenous knowledge and intangible cultural 
heritage, but at the same time also promote critical examination of 

attitudes and beliefs in a manner that may lead to behaviour change 
[17]. These findings provide some indication of the overall benefit ed-
ucation provides through developing cognitive ability, learning skills, 
abstract thinking and risk assessment capacities. 

In this paper, we explore how adaptive capacity may be applied as a 
unifying learning objective to align efforts towards quality education, 
education for sustainable development (ESD), and disaster risk reduction 
(DRR) education. Adaptive capacity has previously been discussed in 
relation to climate change adaptation [18–21], and it shares similarities 
with discussions about resilience raised in the DRR literature [22–25]. 
While resilience is often used more in reference to whole systems and a 
system’s ability to recover from and return to normal functionality 
following a shock, adaptive capacity is regularly applied in reference to 
human ability at individual, collective and institutional levels. Alex-
ander explains how resilience in ecological systems refers to maintaining 
the system’s integrity, but in social systems it is more about being better 
able to deal with extreme situations [26]. Folke et al. actually define 
adaptive capacity as “The capacity of actors in a system to influence 
resilience” [27]. Recent studies have specifically aimed to measure the 
benefit education has for climate change adaptation [28,29], and Lutz, 
Muttarak, and Striessnig highlight that education has one of the most 
significant correlations with vulnerability reduction and adaptive ca-
pacity enhancement due in large part to educations’ links to strength-
ened cognitive capacity [30]. 

Adaptive capacity will be discussed in this paper as a dynamic set of 
learned skills and competencies that apply to both individual and col-
lective learning. The aim of adaptive capacity is to strengthen the ability 
of learners to collaborate in processes of critical reflection for examining 
current systems; assessing their strengths and weaknesses, as well as 
identifying potential shocks and hazards; and to act with strategic 
foresight to increase system resilience and to transform socio-ecological 
systems towards sustainable pathways. Transformative learning for 
sustainable development and resilience thinking are key components of 
adaptive capacity. “Resilience thinking is about understanding and 
engaging with a changing world. By understanding how and why the 
system as a whole is changing, we are better placed to build a capacity to 
work with change, as opposed to being a victim of it” [31]. 

This paper is based on a theoretical (non-systematic) literature re-
view, and it draws additional insight from a small number of secondary 
case studies. A theoretical literature review was chosen due to the 
interdisciplinary nature of the topics explored as a means to identify and 
examine the relationships between the existing theories around capacity 
and competency development in education, especially as related to 
sustainable development and DRR, as well as the broader use of adaptive 
capacity within environmental and sustainability fields. It was a non- 
systematic literature review, and the aim was not to produce a meta- 
analysis or synthesis of the literature but rather to identify a point of 
common alignment (and hopefully synergy) for quality education, ESD 
and DRR education. 

The remainder of this paper explores the concept of learning for 
adaptive capacity. In section 2, the dual need for competency develop-
ment and proficient application of competencies across diverse contexts 
is discussed as a key challenge in learning for adaptive capacity. In 
section 3, the pedagogical aspects of ESD and DRR education are 
examined, and five pedagogical aspects of learning for adaptive capacity 
are introduced to support effective pedagogical design. In section 4, four 
DRR education case studies are reviewed from a perspective of learning 
for adaptive capacity. Section 5 concludes with a discussion regarding 
how learning for adaptive capacity may be aligned with the main objects 
for achieving quality education – applying a well-developed curriculum, 
improving the quality of teaching methods, establishing a safe and 
effective learning environment, and inspiring cooperative and trans-
formative learning. 
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2. Learning for change and adaptive capacity 

The purpose of this paper is to align the current perspectives towards 
quality education, ESD and DRR education by better understanding how 
learning for adaptive capacity is achieved, both in relation to compe-
tency development and applied practice. When working to define 
adaptive capacity in a learning context, it may be possible to identify 
specific characteristics, skills and even values that strengthen an in-
dividual’s overall adaptive capacity. If so, then it may also be possible to 
target these aspects in pedagogical design and through specific lessons 
and instruction, as a first step in developing one’s adaptive capacity and 
its proficient application. The discussion on learning for adaptive ca-
pacity presented in this paper is not arguing to introduce a new ‘grand 
challenge’ or theory into the practice of ESD and DRR education. In fact, 
there is strong acknowledgement that existing ESD and DRR education 
practices already achieve varying levels of learning for adaptive 
capacity. 

Competency development and skill learning play a foundational role 
in building adaptive capacity, but it also depends on an individual’s 
ability to apply their competencies and skills across a diversity of situ-
ations in an adaptive manner. Grothmann and Patt highlight the dif-
ference between the objective (real) ability and the subjective 
(perceived) ability an individual holds when it comes to adaptive ca-
pacity [20]. People’s decisions will often be more influenced by their 
subjective ability, both what they perceive as the potential risk and their 
own perceived adaptive capacity. From a learning perspective, this 
raises the challenge or need to try to align one’s subjective and objective 
ability as closely as possible so that the decisions made based on one’s 
own perceived adaptive capacity is not under or over-estimating what 
objectively could be achieved. This is a key challenge for transformative 
learning both at individual and collective/social levels [32,33]. 

Learning for adaptive capacity cannot be achieved solely through a 
process of instruction. Instruction-based teaching may raise awareness 
about certain issues and even introduce specific skills, but without 
learners’ regular application of knowledge and skills they are unlikely to 
gain significant proficiency with them. Sterling compares the instru-
mental and intrinsic views of education for sustainability [34]. The early 
approach/conceptualisation of ESD primarily presented an instrumental 
view that focused on raising awareness and promoting attitude change 
as a means to influence learners towards pro-sustainability behaviours. 
The intrinsic view of ESD is promoted as a contrasting approach that 
aims to move away from the “prescriptive tendencies” identified in the 
instrumental view. The intrinsic view places more focus on the educa-
tional process rather than the sustainability contents, and it addresses 
the provision of rich learning experiences to support critical reflection, 
contextualisation of knowledge, and experiential learning. “So whilst 
instrumental educators see sustainability as an identifiable state which 
can be educated for, intrinsic educators in contrast see the learning 
process as an intrinsic and vital part of sustainable development which 
cannot be known in advance or predetermined” [34]. 

Sterling goes on to explain that an intrinsic view of ESD works to 
build learners’ capacities to think critically, systematically and reflex-
ively. “From a resilience standpoint, one of the strengths of the ‘intrinsic’ 
view is that it attempts to promote ‘adaptive capacity’ in the learner in 
the face of uncertainty” [34]. Learning for adaptive capacity though 
requires more than basic experiential or action learning, as just 
repeating the same practice in the same context is not enough to gain 
real mastery of these skills. In order for learners to develop and gain 
proficiency with the key competencies for sustainability [5], the 
educational approach must support the application and adaption of 
knowledge, skills and values to a wide array of practical experiences and 
real-world issues. 

Phenomenological studies of human learning demonstrate that the 
learning of various “skills” is a multi-faceted process where individuals 
pass through multiple stages or levels of skill-attainment and mastery. 
For example, the Dreyfus model of skill acquisition [35,36] proposes five 

stages that learners pass through in the course of skill acquisition. “They 
are levels, say Dreyfus and Dreyfus, because in phenomenological terms 
they consist of recognizable, qualitatively different ways of acting and 
performing in the process of learning a given skill” [37]. In their later 
work, the five levels of their human-learning process model are updated 
as follows: Novice, Advanced beginner, Competent performer, Proficient 
performer, and Expert [36]. 

Flyvbjerg draws on the Dreyfus model in his work on phronesis, i.e. 
practical wisdom gained through experience (based on Aristotle’s 
distinction of three intellectual virtues – episteme, techne, and phronesis) 
[37]. He notes that at the middle level of competent performer one of the 
notable changes is the development of “a relationship of involvement” 
[37]. Where in the previous two levels, novices and advanced beginners 
mainly act in accordance with fixed instructions or learned rules, at the 
level of competent performer actors become personally invested in their 
actions, conduct greater situational analysis and more strategically plan 
their actions. For the expert though, a level of “intimate experience” is 
achieved and the actor is able to act fluidly and intuitively so that their 
practice of assessment/analysis, problem solving and decision-making 
become effortless, or even appear to be non-existent. Flyvbjerg uses 
this divide in the Dreyfus model between rule-based, con-
text-independent behaviour (found in the first three levels) and 
experience-based, situational behaviour (found in the last two levels) to 
discuss how most traditional forms of social science research are 
focussed on the types of knowledge generated at the first three levels of 
this model. He then challenges that social sciences need to develop a 
phronetic approach if they are to investigate the types of knowledge (or 
wisdom) generated at the proficient performer and expert levels of 
cognitive development [38]. “On closer examination, the qualitative 
difference between rule-based and experience-based behaviour shows 
itself to have radical consequences, in that every rule-based, rational 
mode of conceiving of human activity – be this activity scientific, 
practical, or didactic – collapses when confronted with the Dreyfus 
phenomenology” [37]. Flyvbjerg’s phronetic approach counters the more 
common epistemological tradition and empirical method, and instead 
encourages the exploration of the more intuitive knowledge and actions 
that a person gains after significant practice and experience within a 
given situation. 

An overarching goal of both ESD and DRR education is to prepare 
learners to address the emerging, complex challenges that the world is 
facing and to be able to do so by charting a course of transformative 
social change. Flybjerg’s arguments raise deep questions about the 
educational perspectives and approaches that are needed to achieve this 
goal, e.g. can we empower learners as agents of change or achieve real 
transformative learning for sustainable development if education does 
not support learners to reach these higher levels of experience-based, 
situational behaviour. The use of adaptive capacity in this work tries 
to understand the concept from this higher order cognitive development 
where a level of expertise is indicated by situational behaviour based on 
intimate experience and employs an intuitive understanding that is both 
holistic and interpretive in its nature. This perspective also raises spe-
cific questions regarding the current competency focus in ESD [5,39–42] 
in the sense that it demonstrates that cognitively competence develop-
ment is succeeded by a level of proficient application and mastery. 
Notably, the pedagogical discussions about ESD practice have moved 
beyond a focus on knowledge, skill and value acquisition that was still 
common less than a decade ago and more towards a focus on effective 
competency development. However, there remains a lack of pedagogical 
discussion on the relationship between specific teaching methods and 
the resultant competency development. A phronetic understanding of 
learning for adaptive capacity highlights the importance of educational 
approaches that help to achieve experience-based, situational behav-
iour, and we argue here that the action-based approaches of ESD can be 
coordinated in a layered manner to support progressive competency 
development over time. 
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3. Key pedagogical aspects of learning for adaptive capacity 

This section explores the key pedagogical aspects of learning for 
adaptive capacity. While these features are being proposed based on a 
theoretical literature review, they require further testing and validation 
in future studies. Both ESD and DRR education have a strong practice 
orientation to support the application of knowledge and skills to real- 
world settings, and equally they both include a perspective towards 
social learning processes. For example, ESD is noted for its contributions 
in making connections between learned knowledge and local contexts 
[2] and its focus on socio-cultural processes of meaning making [7]. A 
study of DRR education across 30 countries notes the importance of 
learning that, “brings knowledge to life, practices skills, challenges at-
titudes and scrutinizes values (and) is a pedagogy that is active, inter-
active, experiential and participatory” [10]. It is exactly these 
dimensions to make learning relevant to today’s world and to strengthen 
learners’ capacities to respond to global challenges in positive ways that 
have been identified as the key linkage between quality education, ESD 
and DRR education [43]. 

Previous studies have examined how pedagogical design and ap-
proaches strengthen sustainability learning [44–47]. For example, 
Segal�as, Ferrer-Balas and Mulder conclude, “Comparing the learning 
outcomes with the pedagogical approach used in each case study dem-
onstrates that the more active the learning, the more focused on com-
munity and the more constructive, the higher the cognitive learning 
achieved by students” [44]. While the specific attributes of ESD and DRR 
education differ, both share a predisposition to similar pedagogical as-
pects. Five pedagogical aspects are identified and examined. The practice 
orientation considers the experience base the pedagogical design offers 
and the application of learning that is supported. The interpretive 
approach considers the framework for meaning making and knowledge 
codification that the pedagogy encourages. The social perspective con-
siders what types of interaction between learners are supported by the 
pedagogical design. The goal alignment considers what is the main 
use/purpose of learning encouraged by the pedagogy. The value basis 
considers the core principle(s) underscoring the pedagogical design. 

ESD and DRR share these five pedagogical aspects, but also 
demonstrate nuanced differences. ESD’s practice orientation is a general 
emphasis on action and experiential learning, whereas DRR education 
has a more specified focus on risk experience. ESD’s interpretive approach 
promotes systems thinking and holistic interpretations of knowledge, 
and DRR education promotes factor analysis and risk analysis. For their 
social perspective, while DRR education centres around collaborative 
resource and knowledge management, ESD points towards cooperative 
learning and social learning. ESD has a goal alignment towards problem 
solving and the search for solutions/innovations and a value basis for 
socially aware and responsible citizens. DRR education has a goal 
alignment towards risk reduction and self-protection and a value basis for 
resilience and disaster prevention. 

Comparing the differences and similarities between these key 
pedagogical aspects can provide further definition to how learning for 
adaptive capacity can be designed [see Table 1]. The proposed peda-
gogical aspects of learning for adaptive capacity aim to align the aspects 

of both ESD and DRR education towards a common learning objective. 
In this manner, learning for adaptive capacity requires the ability to 
relate learned knowledge to new situations through reflective assess-
ment and to act in accordance with the context of a given (and changing) 
situation. In order to support this, learning for adaptive capacity may be 
seen to have a practice orientation towards critical reflection and practice 
(i.e. critical praxis) and an interpretive approach focussed on pattern 
recognition and identifying points of intervention within systems. With 
a goal to support individual and collective efforts to reimagine the future 
and envision sustainable and resilient pathways, learning for adaptive 
capacity’s social perspective aims to create communities of practice. To 
further strengthen the action-reflection cycle, learning for adaptive ca-
pacity also demonstrates a value basis framed around iterative and 
discursive meaning making. Learning for adaptive capacity ultimately 
aims to support effective and advantageous change at individual and 
social levels, and this is practically supported with a goal alignment to-
wards resourcefulness, security and well-being. 

The five pedagogical aspects of learning for adaptive capacity (Fig. 1) 
provide a functional understanding to orient both educational policy 
and pedagogical design towards learning processes for the development 
and proficient application of key competencies by both individuals and 
communities in change efforts to achieve greater resilience and sus-
tainability. Community of practice theory [48,49] provides an entry 
point for collective action, and it highlights the development of mutual 
engagement, reflective exploration and a common repertoire as enabling 
conditions. Critical praxis [50,51] supports an experiential learning 
cycle with active engagement in reflection and practice to strengthen the 
testing, application and adaption of knowledge and skills. Establishing 
iterative and discursive understanding is based on a process of 
communicative action [52], discursive communication [53], and 
deliberative democracy [54] in which people collectively discuss and 
reflect on their interpretations and through which opportunities to 
create new forms of understanding are possible. These first three aspects 
(i.e. community of practice, critical praxis, and iterative and discursive 
understanding) are mutually reinforcing, and they have previously been 
identified as primary factors in achieving transformative social learning 
in an ESD context [8,55]. While community of practice may be primarily 
understood as a set of social conditions or a social process, both critical 
praxis and iterative/discursive understanding may be seen as enablers of 
this process that depend both on individuals’ skills, values and compe-
tencies as well as prevailing social institutions/systems. Together, these 
three pedagogical aspects strengthen a learning process oriented to-
wards community discourse, reflection and practice that accentuates 
phronetic learning at both individual and collective levels by providing a 
basis for gaining proficient application of sustainability competencies. 

The remaining two aspects of learning for adaptive capacity (i.e. 
pattern recognition and resourcefulness, security and well-being) pri-
marily focus on individual learners – the competencies they hold and the 
perceptions that shape their world-views. A key competency for adap-
tive capacity is the ability to think holistically and to think systemati-
cally [56], and the related skills of pattern recognition and identifying 
points of intervention within systems supports the timely and appro-
priate application of adaptive capacity in both ESD and DRR 

Table 1 
Comparison of key pedagogical aspects for ESD, DRR education, and Adaptive Capacity.   

ESD DRR education Adaptive Capacity 

Practice 
orientation 

Action learning and experiential learning Risk experience Critical reflection and practice (i.e. critical praxis) 

Interpretive 
approach 

Systems thinking and holistic interpretations of 
knowledge 

Factor analysis and risk analysis Pattern recognition and identifying points of intervention 
within systems 

Social perspective Cooperative learning and social learning Collaborative resource and knowledge 
management 

Community of practice 

Goal alignment Problem-solving and search for solutions/ 
innovations 

Risk reduction and self-protection Resourcefulness, security and well-being 

Value basis Socially aware and responsible citizens Resilience and disaster prevention Iterative and discursive meaning making  
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perspectives. The goal alignment towards resourcefulness, security and 
well-being provides a combined view for resilience and sustainability. A 
dual-meaning exists for resourcefulness in terms of social and ecological 
interpretations; the social dimension is focussed on both flexibility and 
ingenuity at individual and collective levels, while the ecological 
dimension is focussed on increasing the abundance and resilience of 
natural resource systems. A more simple way to explain this use of 
resourcefulness would be ‘making the best and most out of the situation 
at hand’. The aspects of security and well-being are more directly linked 
as part of Sterling’s three nested stages of sustainability that starts with 
survival – then moves to security – and finally well-being, where each of 
the later stages depends on the previous stage as a primary condition 
[34]. While survival is of course primary to the later two levels, the goal 
alignment towards security and well-being has important connotations 
in the context of DRR education, as well as ESD. The proposed inter-
pretive approach and goal alignment provide a lens through which 
situational-based learning and understanding can be oriented towards 
resilience and sustainability. 

4. Examples of learning for adaptive capacity in practice 

In this section, four DRR education cases from secondary literature 
are examined in relation to their practical application of learning for 
adaptive capacity. Several empirical studies have shown a causal re-
lationships between education and disaster risk reduction which is 
indicated by an increase of adaptive capacity [15,57,58]. While these 
studies note that additional formal education can provide general ad-
vantages for lowering disaster vulnerability (due to wider skill devel-
opment, better social and economic conditions, higher awareness of risk, 
increased cognitive ability, etc.), they also demonstrate that quantitative 
increases in education alone fail to achieve the noted increases in 
adaptive capacity. In fact, Muttarak and Pothisiri argue that there is 

need for deeper and more qualitative investigations into the influence of 
formal education on disaster preparedness and risk response in order to 
gain an understanding of what leads to effective practice in DRR edu-
cation [15]. 

This section therefore provides real-world cases that demonstrate a 
level of learning for adaptive capacity in order to further consider what 
the key pedagogical aspects look like in practice and explain how the 
concept can provide a functional objective for the enhancement of ESD 
and DRR education. The cases were selected with a positive bias and as 
conforming cases that exemplify the pedagogical aspects of learning for 
adaptive capacity. These cases provide examples of how these aspects 
are addressed in real-world educational practice, but due to the selective 
nature of the cases they should not be treated as a random, or even 
typical, sample nor as correlative evidence. 

Sendai: An observational analysis describes cases from three Japa-
nese universities [59] and includes a post-disaster DRR education 
related to the earthquake and tsunami disaster that occurred during the 
Japanese Triple Disaster in March 2011. In response, student teachers 
from Miyagi National University of Education (MUE) in Sendai, Japan 
who were pursuing ESD as a sub-major became actively involved in 
several post-disaster activities. They arranged educational trips to the 
disaster-stricken zones. The students who came from these zones served 
as the guides and introduced the participants to their (former) cities. 
These trips promoted social interaction between the university students, 
the visitors and the local communities. Under rather difficult emotional 
circumstances, the trainee teachers were able to apply their theoretical 
ESD knowledge previously obtained during lectures and relate this to 
their own experiences. This supported a stronger interplay between 
theory and critical inquiry by including reflexivity and self-reflection. 
With special emotional attachment to the impacted areas, the students 
felt a need to support the area’s rehabilitation, and some of the student 
teachers volunteered to assist local teachers and teach students from the 

Fig. 1. Learning for adaptive capacity – pedagogical aspects.  
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affected schools in the area [59]. 
Nihonmatsu: The same observational analysis also includes a DRR 

education case related to the man-made, nuclear accident that was also 
part of the Japanese Triple Disaster [59]. Following the disruption of the 
electricity supply due to the earthquake and tsunami, a crisis began at 
the nuclear power plant in Fukushima Prefecture that quickly escalated 
into severe accident that resulted in radiation contamination over of a 
large area. Responding to this, a research team (part of which comprised 
students) from Tokyo University of Agriculture and Technology (TUAT) 
worked in Nihonmatsu City to assess the actual situation of radiation 
pollution and to identify possible solutions for community rehabilita-
tion. The university started organising study visits for students under the 
education program “Field-oriented Leaders in Environmental Sectors” 
(FOLENS) to the affected area that involved staying at local farms. By 
providing the students and faculty with a series of pre-visit briefings in 
the form of lectures and workshops to learn about the extent of radiation 
contamination and other problems related to the nuclear meltdown, 
participants had a better grasp on the scale and impact of the disaster. 
While the participants helped in the recovery work during their stay 
with local farmers affected by the disaster, they learned a significant 
amount through direct experience and through active discussions. In 
addition, reflection on these interactions supported linking real-world 
experience with previous teaching. The students also conducted a 
‘participatory community study’ with local community members, and 
they walked around and talked to many individuals in order to create a 
local map that recorded important information including the commun-
ity’s geographical, cultural, and human resources. At the end of their 
stay, the students presented their outputs comprising the created maps 
and their proposals for community recovery to the local residents. The 
outcomes of this process include: 1) students and faculty gained an 
opportunity for critical review of the disaster from various perspectives; 
and 2) the local community members, having received empathy and 
solidarity from the students, opened up to freely express their views, 
re-evaluate their situation, and use the bi-directional information ob-
tained during the interactions to re-orient/re-design their future [59]. 

Yogyakarta: The problem of polluted rivers and periodic flooding in 
Yogyakarta, and many riparian towns and cities in Indonesia, has been 
identified as a serious challenge that is in part caused by the closeness of 
settlements to the rivers (including frequent habitation of flood plains) 
and the treatment of the rivers as a medium for waste disposal. The case 
of the Indonesian River Restoration Movement (IRRM) is premised on 
ESD principles [60]. IRRM promotes multi-stakeholder community 
learning for disaster risk reduction (e.g., removal of encroaching houses, 
desilting riverbeds and removal of garbage to address flooding) and 
preparedness (e.g., establishing river schools to build capacities of youth 
to work for community resilience, expanding the project to other com-
munities, and connecting these communities through a larger network). 
Researchers from the University of Gadjah Mada decided to start from a 
basis of voluntary, active participation with the aim to create a 
“movement for change”. The main objectives were to learn, to act and to 
solve problems with the local communities collaboratively to realise 
rivers that are clean, healthy, productive, safe and well conserved. 
Groups worked to achieve this through river clean-up, replanting of flora 
along the river for restoration and removal of houses from the river flood 
plains, and they did this while encouraging a spirit of love, togetherness, 
harmony, and motivation. The public and private sectors also signed up 
to this expansive project, and it now supports a growing number of River 
Schools – a major product of the movement that have environmental and 
DRR education at their core. Pedagogical approaches used include: i) 
systemic approach: involving/incorporating knowledge from all stake-
holders; ii) networking approach: strengthening connection within and 
across each stakeholder group, over large areas, and expanding across 
the archipelago; iii) e-communication approach: using mobile phones 
and social media; iv) community-based approach: premised on the 
SDGs; and v) knowledge-based approach: using ESD. The IRRM has led 
to more educated communities with a change in attitudes from apathy to 

respecting, loving and preserving the river. Furthermore, it is a move-
ment that has rapidly spread to communities across Indonesia and is 
resulting in clean, restored and protected rivers [60]. 

Rio de Janeiro: This study was conducted to examine how people’s 
risk from climate-related disasters was influenced by their level of 
formal education in Rocinha favela in Rio de Janeiro, Brazil, where 
floods and landslides are recurrent [61]. As such, this study provides 
valuable evidence on the importance of formal education in determining 
the adaptive capacity for the residents of an informal settlement. Three 
highly relevant points were reported among the results. First, re-
spondents with (relatively) higher levels of education were more 
informed about existing risks. These respondents evacuated more effi-
ciently in times of emergency, and they also thought differently about 
where to settle and would usually opt for safer alternatives during the 
post-disaster recovery stage. Second, educated people were more 
informed and had more means to: i) express themselves and better utilise 
the existing social structure, thus being listened to more by other people 
including the authorities, and ii) use legal mechanisms, argue their 
rights, and search out and make use of available opportunities to address 
their situation. Formal education was found to play a significant role in 
determining people’s level of risk reduction and coping abilities. Also, 
formal education was seen to have a mitigating effect on negative factors 
that exacerbate people’s level of risk, and higher levels of education 
strengthen people’s awareness and understanding of existing risks [61]. 

These cases are now explored in relation to the pedagogical aspects 
of learning for adaptive capacity: 

Critical praxis (practice orientation): Students from MUE (Sendai) 
engaged in critical praxis by relaying their theoretical ESD knowledge, 
skills and competencies with actual experience in the field. Due to their 
strong emotional attachment to the affected areas, critical inquiry and 
reflexivity was enhanced towards situational-based application of 
competencies. The TUAT students (Nihonmatsu) gained both direct 
interaction with disaster victims and the opportunity to conduct a crit-
ical review of the incident from various perspectives through a series of 
lectures and discussions. The critical praxis led to a deep examination of 
the realities facing communities in post-disaster periods. Researchers in 
the IRRM project (Yogyakarta) spearheaded the creation of a multi- 
stakeholder “movement of change” to address urgent sustainability is-
sues facing vulnerable communities by connecting and integrating 
theoretical expertise with the identification of practical interventions. 

Pattern recognition and identifying points of intervention 
within systems (interpretive approach): By volunteering to assist 
teachers to teach students from the affected schools in the disaster area, 
MUE students (Sendai) identified both a recurrent problem and a point 
of intervention to address it. Similarly, TUAT students (Nihonmatsu) 
created system maps of local resources and used this knowledge to 
identify intervention points and develop proposals for community re-
covery. IRRM stakeholders (Yogyakarta) pooled together available 
expertise in the project, and using a systemic pedagogical approach, 
they developed a holistic and multi-dimensional response. The educated 
Rocinha dwellers (Rio de Jainero) were more able and likely to identify 
effective personal interventions, and afterwards search and make use of 
the available opportunities to improve their situation. 

Community of practice (social perspective): The social interaction 
promoted between the MUE students, the visitors and the local com-
munities (Sendai) showed simplified elements of a community of prac-
tice through the project’s effort to support collaborative learning. 
Premised on ESD principles, the multi-stakeholders of IRRM project 
(Yogyakarta) collaborated in DRR education, preparedness, and in an 
effort to establish a new perspective and new solutions, thereby por-
traying an effective community of practice. The community-based 
approach to project implementation, the networking of stakeholder 
groups across levels, and the use of a common value set in promoting 
active participation in the IRRM project all demonstrate features of a 
community of practice. 

Resourcefulness, security and well-being (goal alignment): 
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Students from MUE (Sendai) availed their resourcefulness by engaging 
in the university’s post-disaster activities to solve real problems, to 
reduce risk, and to help the victims recover from the disaster. Similarly, 
TUAT students (Nihonmatsu), through their resourcefulness were able to 
develop maps and proposals that were innovative and problem solving 
for community recovery. The IRRM project participants (Yogyakarta) 
developed a strategy of concrete action to achieve their goal of a clean, 
productive, safe and protected river. The more educated and hence 
informed in Rocinha (Rio de Janeiro) were relatively more able to utilise 
the social structure to their advantage and in terms of human rights, 
more likely to access supportive legal and institutional mechanisms, 
thus achieving an enhanced level of security and well-being. 

Iterative and discursive meaning making (value basis): The 
repeated trips made by MUE students (Sendai) to the disaster zone to 
talk about their affected cities and interactions with members in their 
communities made their experience more meaningful and enhanced 
their social awareness. TUAT students (Nihonmatsu) collaborated with 
disaster victims in research and education, thus allowing the group to 
obtain a meaningful understanding of the reality at hand and develop a 
more critical and holistic perspective on the situation. In turn, this 
supported the communities in developing a higher level of adaptive 
capacities. The disaster victims, through bi-directional interactions with 
students and faculty were able to freely express their views, re-evaluate 
their own situation, and use the information and resources obtained to 
redesign their future. The IRRM project (Yogyakarta) has resulted in a 
more educated community and an attitude and behaviour change from 
apathetic to active citizenship. 

5. Discussion 

This paper argues for greater alignment between ESD and DRR ed-
ucation, and it proposes that these two educational perspectives can 
work together to improve the relevance and quality of education. 
Learning for adaptive capacity is presented as an educational objective 
for ESD and DRR education that can support their improved pedagogical 
design and strengthen linkages with quality education – especially in 
terms of its orientation towards intrinsic learning and the relevant 
application of learned knowledge, skills, and competencies for 
addressing real-world challenges and issues. “In principle, ESD chal-
lenges policy-makers to go beyond the links between ESD and content- 
oriented educational priorities and to consider how education can 
contribute to greater sustainability in the economic, labour market and 
industrial sectors” [62]. 

While the current competency focus in ESD [5,39–42] has gained 
much attention both in literature and in practice, it is also notable that 
much of the literature on sustainability competencies avoids discussing 
how pedagogical methods and teaching approaches support their 
development. Sustainability competencies play a key role in ESD and are 
important in providing a target focus towards delivering quality edu-
cation. However, they alone do not provide significant guidance in 
relation to the pedagogical design of quality ESD and its teaching, nor 
how learners are to gain the capacity for the proficient application of 
these competencies. 

For example, while there has been a growing number of 
sustainability-oriented degree programmes in higher education, existing 
efforts to assess (and provide empirical evidence) of the competency 
building achieved from these programmes has been wanting [63]. 
Trencher et al. review the performance of 14 sustainability-related 
masters programmes in relation to their competency building effec-
tiveness, following the competency framework developed by Wiek, 
Withycombe, and Redman [64]. In general, the programmes achieved a 
satisfactory or effective level of competency development, but none of the 
programmes achieved a very effective level. While the study did not ac-
count for differences in pedagogical styles or approaches across the 
programmes, the results do show that practice-oriented programmes 
achieved higher competency building effectiveness than 

research-oriented programs. Trencher et al. suggest that 
research-oriented programmes may need to integrate more of the 
practice-oriented strategies and approaches if they want to increase 
competency development, especially in relation to building learners’ 
practical skills and methods [63]. 

This is not to discredit the value of these competencies as a strategic 
objective for ESD. In fact, such competencies, like those identified by 
Wiek, Withycombe, and Redman: systems thinking competence, antic-
ipatory competence, normative competence, strategic competence, and 
interpersonal competence [64] are understood as a fundamental part of 
learning for adaptive capacity and can easily be aligned with the pre-
sented pedagogical aspects. The framework of learning for adaptive 
capacity supports a pedagogical design and teaching approach aimed at 
both substantive competency development and the proficient applica-
tion of these competencies across diverse contexts in both individual and 
collective situations. 

Learning for adaptive capacity employs a phronetic approach to 
consider how pedagogical strategies can support and strengthen com-
petency development by providing structured opportunities for practice 
and experience, coupled with critical reflection, in a progressive and 
accumulative manner. Bardone and Bauters suggest that, “what phro-
nesis looks at is more the way in which theory – in all its different forms – 
can actually be used by practitioners in the attempt to enlarge, broaden 
and deepen the basis of one’s experience” [65]. The provision of 
real-world learning opportunities, for example, has been linked to 
improved competency building effectiveness in sustainability courses 
[66]. A phronetic approach can serve as a, “means of helping commu-
nities to understand, confront, and find contextually appropriate solu-
tions to the challenges they face” [67], and applied as a pedagogical 
strategy it should target practical approaches to apply methods and 
skills across diverse contexts and settings, in order to both strengthen 
competency development and the flexible application of these 
competencies. 

When considering how to improve the overall quality education 
(especially in relation to sustainable development and DRR), there are 
four main goals to be addressed: 1) applying a well-developed curricu-
lum, 2) improving the quality of teaching methods, 3) establishing a safe 
and effective learning environment, and 4) inspiring cooperative and 
transformative learning [68]. It is possible to link each of the quality 
education goals to the learning objective for adaptive capacity. The 
application of a well-developed curriculum is focused on what people 
learn. In relation to adaptive capacity, this should of course ensure the 
inclusion of relevant content and knowledge related to DRR and sus-
tainable development. The curriculum though should also be structured 
to ensure effective depth learning and aim to apply a phronetic approach 
to learning. Depth learning is supported by deep investigation into in-
dividual subjects, but it is also strengthened through critical praxis which 
improves the connections between classroom learning and real world 
practice. Furthermore, depth learning can be supported with progressive 
(or scaffolded) learning objectives that ensure knowledge and skill 
development over time through iterative and incremental improve-
ments. Working at the intersection of quality education, sustainable 
development and DRR, the overall focus is on the adaptable application 
of skills and competencies to differing situations and contexts in a 
relevant and appropriate manner. 

The curriculum is the place to also address the interpretive approach 
and goal alignment of learning for adaptive capacity, i.e. the abilities for 
pattern recognition and identifying intervention points, and resourcefulness, 
security and well-being. While pattern recognition and identifying points 
of intervention build from the systems thinking competency, these 
specific attributes demonstrate a more advanced ability that usually 
develops as part of phronetic learning and applying this competency 
over a diversity of situations. There are relevant skills though that can be 
taught, for example: 
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� In mathematics, simple pattern recognition is done both with 
numbers and shapes,  
� In learning about weather and climate, there are many observable 

patterns including signals of weather shifts such as a sudden tem-
perature and pressure drop before rain.  
� Natural systems can be examined in terms of system balances and 

imbalances as well as what chain of reactions occur when an 
imbalance happens, and  
� Learning to use a SWOT (strengths, weaknesses, opportunities and 

threats) analysis when reflecting on various social systems is a way to 
learn skills to identify intervention points. 

Resourcefulness, security and well-being need to be more reflected 
within the curriculum as a goal alignment in the way they are linked 
throughout lessons and classroom culture, and this has strong links to 
the development of value-based learning and the use of cooperative 
learning methodologies. 

Improving the quality of teaching and learning methodologies is 
focused on how people learn. In terms of adaptive capacity, this strongly 
aligns with the value basis and the practice orientation. For this, a peda-
gogical perspective concerned with critical reflection/practice and itera-
tive, discursive meaning making is required. Problem-solving activities is 
one learning approach that supports critical reflection and practice, but 
examination of case studies and good practice examples to identify what 
did and did not work is another way to support a level of praxis. Iterative 
and discursive meaning making are supported through activities that 
require group dialogue and collaboration, and equally valuable can be 
the examination of multi-cultural perspectives and views. Introducing 
more participatory and active learning approaches also depends on the 
improvement and expansion of teacher training to yield teachers who 
are competent in interdisciplinary and team teaching, group learning 
and collaborative investigation approaches, and student-centred 
learning approaches. 

The establishment of safe and effective learning environments is 
concerned both with where and with whom people learn. In regards to 
where people learn, the safety of the school is primary. DRR principles 
should be included in the design and management of the school facil-
ities/environment (for example, employing a comprehensive school 
safety framework [12]), and democratic engagement in the 
decision-making and planning for risk reduction and resilience should 
be normalised in the school culture. The overall effectiveness of the 
learning environment goes beyond this though, and here the main 
synergy for quality education and learning for adaptive capacity is 
related to the social perspective that is facilitated and institutionalised. 
With the objective of achieving a community of practice, schools should 
ideally create an ethos where education and learning are seen as the 
collective responsibility and the totality of all involved actors (i.e. stu-
dents, teachers, administrators, staff, parents, etc.) working together. In 
building up a process of social learning, it is useful to consider how 
learning extends beyond the classroom and into the wider community. 
The school environment may also be built and designed to support active 
and experiential learning, as well as providing space for group collab-
oration and reflection. Opportunities may further be developed to 
engage in real world learning through community-based projects and 
exploration of local ecosystems. 

Finally, inspiring transformative and cooperative approaches to 
teaching/learning addresses in what context people learn. This goal of 
quality education is concerned with the overall paradigm of learning 
that is shaped by the educational process, and it is linked to the type of 
world-view and framework for understanding that is facilitated by this 
paradigm. Learning for adaptive capacity may be denoted as the over-
arching learning paradigm discussed in this paper, and the five peda-
gogical aspects provide the foundation for this paradigm. However, the 
need to develop a phronetic approach is also important for this goal as it 
will be the systematic advancement of these pedagogical aspects over 
time and across context that will provide a basis for transformative 

learning. 
The key aspects of learning for adaptive capacity presented in this 

paper will require investigation in applied educational studies to further 
clarify and validate their functionality in actual practice. Due to the 
limitations of this paper, there are several dimensions that have not been 
possible to explore that relate to individual capacity development and 
how they would apply in the context of adaptive capacity. For example, 
we acknowledge that psychological constraints [20] and emotional 
abilities to cope with change [14,69] can be important factors in 
adaptation practices, and in future work the interlinkages between 
learning for adaptive capacity and development of psychological and 
emotional abilities to deal with the turmoil created by transformative 
learning and adaptive change will be of high importance. The value that 
both creativity and flexibility have in relation to a person’s adaptive 
capacity also deserve further attention. In aligning educational policy 
and practice towards learning for adaptive capacity, it is also necessary 
that additional consideration is given to how adaptive capacity can be 
addressed through educational assessment, due to the common fact that 
what gets measured or tested is often actually the primary driving factor 
for what gets taught. In responding to the critical challenge of how ed-
ucation can prepare learners to survive and prosper in a world of change, 
the concept of learning for adaptive capacity has been elaborated as a 
common learning objective for ESD and DRR education that can support 
a pedagogical design/approach that advances the overall quality of 
education and prepares learners to cooperate for “transforming our 
world”. 
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