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CONTEXT

Educators around the world are facing the challenges and opportunities of 21st Century 
education, such as the COVID-19 pandemic, Climate Change, STEAM education and the rise of 
digital immersive technologies presenting a promising field for the development of new ways 
of maximising the learning experience (Bakker, Cai & Zenger, 2021). 



All these ongoing and unpredictable changes lead 
to a new framework of pedagogical action based 

on uncertainty, since they are unfamiliar or 
unknown in the field of traditional education



Empirical evidence: Education and COVID-19 pandemic

On what themes should research in 
mathematics education focus in the 
coming decade? The 229 responses 
from 44 countries led to eight themes 
plus considerations about mathematics 
education research itself. The themes 
can be summarized as teaching 
approaches, goals, relations to 
practices outside mathematics 
education, teacher professional 
development, technology, affect, 
equity, and assessment.



CLIMATE CHANGE

GLOBAL WARMING

FINANCIAL CRISES

Empirical evidence: Wicked Problems

ECOLOGICAL DECAY

HEALTH CARE

INCOME DISPARITY

 POVERTY
EDUCATION DESIGN

TERRORISM

SUSTAINABLE DEVELOPMENT

GENDER EQUALITY

HUNGER



Empirical evidence: New learning Technologies, IoT, AI, Big Data… 



How to deal with an unknown world?



From the evidence presented, we consider relevant to investigate in the 
next decade teaching approaches, the shifting role of the teacher, 

relationships with practices outside the classroom and new 
technologies from STEAM applied to real and global problems that 

threaten peace and life on the planet.



The integration of science, technology, engineering, arts and 
mathematics (STEAM) offers an approach to educational design 

based on curricular integration and learning by doing with analog and 
virtual technologies (Quigley et al., 2020). STEAM is a systemic, 

dynamic and embodied approach that goes against a static 
pedagogy of certainty.



We allude to a pedagogy of certainty or traditional education in those 
educational practices in which didactic designs and teaching 

methodologies are based on decontextualized and a-historical 
problems, subtracted from the agency of the body and experience, in 
which asymmetry is also relieved. of the educator over the learner and 

the monolithic hegemony of teaching over an integrated one.



Project-based learning, technology 
integration, and transdisciplinary 
teaching are the lens from which the 
teacher’s lesson and reflections are 
deconstructed. Challenges in 
STEAM teaching are discussed 
including the shifting role of the 
teacher, determining student 
collaboration, and time. This is part 
of a larger study examining the 
STEAM teaching practices of 43 
middle school science and math 
teachers.

Empirical evidence: STEAM Education



The pedagogy of uncertainty 
approach that we suggest here is based 
on the potential of STEAM educational 
environment design that focuses on 
providing signs or patterns of an 
emerging world, unlike traditional 
teaching methods in which the path to 
which students should arrive is 
already laid down in advance.



From a STEAM educational design approach, 
the teacher and her/his students lay down 
a path in walking together, a motto used by 
the enactive approach to cognition that 
considers "cognition as embodied action 
that is always oriented towards something 
absent: on the one hand, there is always a 
next step for the system in its perceptually 
guided action; for the rest, the acts of the 
system are always directed towards situations 
that are not yet in act” (Varela, Thompson & 
Rosch, 1991, p.238)

Pedagogy of uncertainty: Laying down a path in walking 

STEAM + Enactivism



 

"And that he is finally a person, but a knot of 
all the lines, of all the paths of growth and 
movement, that come together and open up 
around him" 

(Ingold, 2007)



 

"The act of teaching could take place 
according to four differently combined 
determinations: by an emancipating master 
or by a stunning master; by a wise master or 
by an ignorant master. The emancipating 
master frees the learner and the stunner 
helps keep him on his path. While the wise 
master is due to his science, the ignorant 
master what he ignores (p.12)" 

(Rancière , 1987)



Flexible learning focuses on giving students 
choice in the pace, place and mode of their 
learning, and all three aspects can be 
assisted and promoted through appropriate 
pedagogical practice, practice that can itself 
be supported and enhanced through 
e-learning (Gordon, 2014).



In contrast to a static pedagogy based on didactic sequences 
that are already set in advance and available for both students 

and teachers to follow,  we propose a Pedagogy of uncertainty 
where teachers and learners lay down a path in walking, 

exploring and learning how to deal with an uncertain world, 
through non-linear pedagogical journeys such as STEAM, and 

emerging learning inspired in enactivism

Pedagogy of uncertainty: A Proposal



For this we embrace the embodied design educational 
design paradigm (Abrahamson, 2015), and the 

enactive-ecological continuum approach in STEAM design 
(Videla, Aguayo & Veloz, 2021)

Pedagogy of uncertainty: A Proposal



We explore the notion of 
pedagogy of uncertainty 

in the light of enactivism, 
based on theoretical and 
empirical evidence about 

how teachers and students 
deal with an uncertain 

world by actively 
participating in integrated 
educational environments 

based on learning by doing 
approaches (Abrahamson, 

Dutton & Bakker, 2021).

Foundations of a pedagogy of uncertainty: Embodied design



In embodied design activities, learners 
make sense of situations by first drawing 
on their tacit perceptuomotor capacity, then 
encountering the disciplinary analysis on 
the same situation, and finally reconciling 
these competing views as complementary. 
First, learners encounter interaction 
problems that require them to figure out 
how to enact a particular new movement 
form. Then, they use formal STEM 
instruments that suggest a complementary 
yet non-contradictory (Ba & Abrahamson, 
2021),

Foundations of a pedagogy of uncertainty: Embodied design





Proposition: A pedagogy of uncertainty with STEAM



We make special reference to how 
teachers can make their students 
learn from clues, impoverished traces, 
or traces of information available within 
their learning environments to solve a 
challenge or problem, to the extent that 
they investigate, create, manufacture 
and/or actively participate in technology 
inside and beyond the classroom 
(Videla-Reyes, Aguayo & Veloz, 2021)



STEAM embodied design: Educators and learners laying down a 
path in walking with STEAM 

1. Identify 
topic 

(challenge or 
problem)

2. Co-design 
(collaborative 

work)
3. Research on 

the topic 
(inquiry and 

analysis)

4. Select subject 
disciplines 

(decision making)

5. Make curricular 
integration (21st 
Century Skills)

6. Propose 
STEAM 

activities 
(Creativity and 

innovation)

7. Design STEAM pedagogical 
trajectory (planning and 
organization of activities)



1. Identify topic 
(challenge or 

problem)

2. Co-design 
(collaborative 

work)

3. Research on 
the topic 

(inquiry and 
analysis)

4. Select subject 
disciplines 
(decision 
making)

5. Make 
curricular 

integration (21st 
Century Skills)

6. Propose 
STEAM 

activities 
(Creativity and 

innovation)

7. Design STEAM 
pedagogical 

trajectory (planning 
and organization of 

activities)

Enactive learning: Laying down a path in walking with STEAM



● Opportunities and challenges of 21st Century education 
occur in an uncertain and unpredictable environment, 
requiring a new framework of pedagogical action 
based on uncertainty

Summary



● The foundations of a pedagogy of uncertainty are 
STEAM, embodied design, and enactive-ecological 
learning. The design of simple to complex learning 
activities arranged according to the context can 
facilitate the learning of 21st Century integrated STEAM 
skills and curriculum

Summary



● With STEAM embodied design based on an 
enactive-ecological learning framework, basic to 
complex non-linear pedagogical trajectories can be 
designed for educators and learners to walk together 
while adapting to the uncertainties of their context as 
they progress through their learning. 

Summary
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