Interdisciplinary Journal of Environmental and Science Education
2022, 18(3), €2274
ISSN 2633-6537 (Online)

https://www.ijese.com

74 VNS

Research Article

Interpretation of the Reality in Environmental Education:
Identification of Mono-, Multi-, Inter-, Trans-Disciplinary and
Inter-Epistemic Experiences

Julio César Tovar-Galvez *

!Martin-Luther-Universitdt Halle-Wittenberg, GERMANY
*Corresponding Author: joule_tg@yahoo.com

Citation: Tovar-Galvez, J. C. (2022). Interpretation of the Reality in Environmental Education: Identification of Mono-, Multi-, Inter-, Trans-

Disciplinary and Inter-Epistemic Experiences. Interdisciplinary Journal of Environmental and Science Education, 18(3), 2274.
https://doi.org/10.21601/ijese/11879
ARTICLE INFO ABSTRACT

Received: 18 Jan. 2022
Accepted: 3 Mar. 2022

The interpretation of reality is relevant to transforming environmental contexts. Environmental education (EE)
might contribute to building more complex interpretations of reality. It seems that integrating disciplines is a
way to reach complexity in interpreting reality. However, it is not easy for professionals and teachers to achieve
such integration. Therefore, this paper aims to illustrate different interpretations of reality through specific
educational reports on EE. This work is a qualitative and descriptive study of cases. The units to study are
experiences in EE. The cases’ selection depends on whether the document describes an experience or a practical
proposal on developing EE. The analysis classifies the experiences as monodisciplinary, multidisciplinary,
interdisciplinary, inter-epistemological or transdisciplinary. The results describe three cases per category. The
discussion highlights that all the interpretations of reality are valuable and contribute, but a more complex

framework probably will lead communities to broader and more profound interpretation and action.
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INTRODUCTION

The interpretation of reality is relevant to transforming
environmental contexts and environmental education (EE)
might contribute to this purpose. The more complex humans
interpret the reality; the greater possibility they will have to
understand the environmental complexity. It seems that
integrating disciplines is a way to reach complexity in
interpreting reality. However, Lundershausen (2018)
empirically demonstrated that scientific groups have
limitations to achieving such integration. Moreover, Woiwode
and Froese (2020) identify that the peer-review process for
publishing favour monodisciplinary research. Therefore,
education has a relevant role in changing this situation,
educating citizens and professionals who have a complex
interpretation of the environmental reality. Nonetheless, Riley
and White (2019) warn about the EE that fragments the
knowledge, the knower and the known. Therefore, this paper
aims to illustrate different interpretations of reality through
specific educational reports on EE.

An EE that considers developing the interpretation of the
environmental reality might contribute to teachers’ teaching

practice and students’ learning. First, when teachers have a
guide about diverse interpretations of reality, they have a tool
to enact policies about collaborative teaching and curriculum
integration (Sund & Gericke, 2020). Second, when teachers
know how to integrate knowledge to reach different
interpretations of reality, they have elements to guide
students to collaborative learning, and knowledge,
experiences, and feelings interchange (Nokkala et al., 2021).
Likewise, teachers might lead students to negotiate better and
make decisions regarding social-ecological issues (Sakamoto
etal., 2021).

Integrating Epistemologies and Ontologies from
Different Cultural Backgrounds

Addressing environmental phenomena from only one
viewpoint or culture is a limitation to transforming the
environmental reality. A way to overcome this limitation is the
integration of epistemologies and ontologies belonging to the
same culture and from different cultural backgrounds. Thus,
communities would build new interpretations of reality, and
hence, they will have more chances for transforming contexts
or creating new environments.
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Some authors argue that the environmental problems and
the EE limitations are mainstream Western culture. For
instance, the problem for Williamson (2009) is the consumerist
and scientific-technological Western system. For Garcia-
Campos (2019), the limitation is the exclusively Western-
based sustainability vision. Moreover, according to Kapyrka
and Dockstator (2012), EE curricula based solely on the
Western culture have limitations. In all cases, the researchers
propose to open the EE curriculum to include other visions of
environment and sustainability and other communities more
than the dominant culture. As an example, the authors
recommend incorporating into the EE curriculum indigenous
knowledge systems. This proposal is an example of
epistemologies and ontologies integration.

There are advances in integrating epistemologies and
ontologies in the science teacher education field. For instance,
Tovar-Galvez and Sedano (2014) propose to engage teachers in
different levels of epistemic reflection to guide their practice.
In the same focus, Tovar-Galvez (2021a) presents the
epistemological bridge (EB) as a frame to guide teachers to
include in the classroom science and traditional
epistemologies (from indigenous, afrodescendants, farmers,
among others). Furthermore, Tovar-Galvez and Acher (2021)
develop two intercultural teaching practices for science
education using the EB. Finally, Ludwig and El-Hani (2020) and
Mpofu et al. (2014) recommend frames for teachers to identify
and conduct the relationships among epistemologies and
ontologies in the lessons.

The present study requires a framework on what
“interpretation” is to identify and describe experiences in EE
according to different ways of interpreting reality. Complex
environmental formation theory (CEFT) offers insight into
“reality interpretation” and guides faculty in integrating
disciplines, epistemologies, and ontologies.

Interpretation of Reality as the Self-Eco-Organisation of
Knowledge Systems

The interpretation of reality is the referent from which
individuals understand the environment and guide their
actions to a large degree. Individuals might have different
interpretations of reality, leading to various responsibilities,
possibilities, and commitments on environmental
phenomena. When subjects integrate disciplines or knowledge
systems, they have a framework to interpret the
environmental reality more complexly. However, teachers,
educators and researchers need this conception in the frame of
an environmental educational theory. This need emerges
because the interpretation of reality is more helpful to
educational communities when its definition is regarding
teaching and learning.

Puerto and Tovar-Galvez (2020) propose the interpretation
of reality as one of the six scenarios in which communities
might identify the complexity in the EE processes. When
communities evaluate the EE experiences, they might realise
whether they reached a restricted, intermediate or self-eco-
organised interpretation of reality. Knowing this complexity
level is a guide to transforming the EE processes for reaching a
more complex thinking and action. The EE experiences
improvement may consist of establishing new connections or

integrations of knowledge systems to broaden the students’
interpretation of reality.

The base of the scenarios and the classification levels is the
CEFT (Tovar-Galvez, 2020a, 2020b). The CEFT has ontological,
epistemological, pedagogical, and didactic foundations in the
self-eco-organisation of systems defined by Morin (1996).
Self-organisation refers to the relations and connections
between elements into a system. Eco-organisation relates to
the links between systems.

Consequently, subjects self-organise knowledge when they
learn and use the multiple dimensions of a knowledge system.
For example, a vast literature about competences considers
that students should learn the procedural (methodologies) and
axiological (values system) dimensions of knowledge in
addition to the theoretical one. When teachers promote
students’ learning in at least those three dimensions, they lead
students to self-organise different dimensions of a knowledge
system. Additionally, subjects eco-organise knowledge when
they learn, connect and use diverse knowledge systems.
Abundant literature suggests knowledge ecologies as the
multi-, inter-, transdisciplinary, and inter-epistemic ones
(knowledge systems from different ontologies). Teachers
promote students’ eco-organisation by integrating multiple
knowledge systems (such as science, arts, humanities, social
science, and indigenous knowledge).

METHOD

This work is a qualitative and descriptive study of cases.
The units to study are experiences in EE. The papers’ selection
depends on whether the document describes an experience or
a practical proposal on developing environmental education.
The researcher used the Google Scholar browser to look for the
papers. The search includes keywords combinations as
“interdisciplinary + environmental education”. The analysis
classifies the experiences according to the different kinds of
knowledge systems integration. Summarising and interpreting
Klein (2020), Paoli (2019), and Renn (2021), it is possible to
define the different types of knowledge systems integration
and the characteristics of educational experiences, as follows:

1. Mono-disciplinary: Communities use one or multiple
dimensions of a knowledge system to interpret,
describe, analyse, explain, and/or solve an
environmental problem. Teachers and students
identify environmental situations and use the subject
to study the situations. There is a connection between
the contents and the context to address.

2. Multidisciplinary: Communities use different
knowledge systems to interpret, describe, analyze,
explain, and or solve an environmental problem. First,
teachers in charge of varying subject matters identify a
common environmental situation. Then, each teacher
guides students to use the specific subject’s theories,
methods, and norms to address the problem. Activities
to integrate results from the different subject matters
are frequent.

3. Interdisciplinary: Communities integrate different
knowledge systems to interpret, describe, analyze,
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explain, and/or solve an environmental problem.
Teachers identify an environmental situation and
propose activities that lead students to use the
knowledge and methods from the different subject
matters to address the situation. The interaction
between the knowledge systems is necessary to study
the problem. Co-teaching is a frequent activity.

4. Inter-epistemological: Communities use knowledge

systems from different ontologies to interpret,
describe, analyze, explain, and/or solve an
environmental problem. Teachers identify an

environmental situation and engage students in using
different epistemologies to address it. Thus, teachers
guide students in using knowledge, values and
methodologies from the subject and from other cultural
backgrounds to study the situation. Participation of
people from communities culturally differentiated in
the lessons is a usual activity.

5. Transdisciplinary: Communities use an integration of
knowledge systems, communities, and institutions
from different ontologies to interpret, describe,
analyze, explain, and/or solve an environmental
problem. Teachers identify environmental issues as
complex and look for new frames to transform the
environmental context. Teachers integrate disciplines
from the official curriculum as interdisciplinary does,
and they also include knowledge systems from other
cultures as inter-epistemological does. Critical
positions regarding the environmental contexts are a
base for the transformation process. Likewise, the
participation of communities and institutions beyond
the education institution is necessary. However, the
communities are not only beneficiaries or followers of
the academic results regarding an environmental issue.
Communities also are providers of knowledge and
leaders in the transformation or solution.

RESULTS

The selection of the cases according to the analysis
categories has limitations. First, some authors state that their
reported experiences are transdisciplinary, but the experience
is interdisciplinary or multidisciplinary after reading it. The
same confusion happens with some apparently
interdisciplinary experiences. Second, some experiences have
essential elements to be classified into a category, but they do
not always complete all the requirements.

Cases from a Mono-Disciplinary Interpretation of the
Environmental Reality

Fragkoulis and Koutsoukos (2018) use artworks to motivate
students to reflect on environmental issues. For example, the
accumulation of waste in environments raises questions
regarding consumerism, industry and market. The teachers
and students analysed two artworks specifically, one
constructed with natural material and another with recycled
material. First, the teachers asked questions about the
artworks to address “recycling and reuse of materials” and “the
prudent management of natural resources”. Then, the

students looked for a new artwork with the
environmental sense.

same

Lorenzo et al. (2019) carry out an experience with pre-
service teachers to study the phenomenon of ocean
acidification. The problem to address is that anthropogenic
carbon dioxide emissions modify the acidity of the ocean.
Researchers and pre-service teachers address the concept of
pH using online resources and  contextualised
experimentation.

Porcel and Odetti (2020) guide pre-service teachers to
propose environmental education projects from a science-
technology-society-environmental focus of chemistry. For the
authors, engaging communities in using disciplinary
knowledge to address contextual environmental problems
ensures the sustainable development goals (SDGs). The pre-
service teachers proposed projects to solve community
environmental issues into the frame of the SDG and from
chemistry. The development of the projects engaged
communities and governmental institutions.

Cases from a Multidisciplinary Interpretation of the
Environmental Reality

Batista et al. (2019) report on a project by primary school
teachers that links subject areas to an environmental issue. For
the authors, the emergence of complex environmental
problems demands a complex understanding and action. Thus,
teachers in a school developed a multidisciplinary project
addressing the environment’s limit and the degradation
caused by humans. In addition, every teacher proposed
activities to engage students in using the disciplines to
approach the problem.

Rogers et al. (2015) use sustainability-themed education
modules to focus the subject-matter disciplines to an
overarching environmental question. For the researchers,
communities cannot address the current environmental issues
as they did before. This complex perspective demands new
pedagogies. Through the modules, the teachers engaged
students in answering the general question. The students
wrote technical reports summarizing and connecting their
results in every subject.

Tovar-Galvez (2021b) describes an example in which a
school addresses the regional environmental problem of the
city landfill. Some years ago, the dump exploded, throwing
tons of rubbish, contaminating air, landscape, soil and the
river alongside. Tovar-Galvez (2021b) recommends that the
school community interprets the context using a system of
questions. Those questions aim to guide students and teachers
to study the problem and think in social action from the
different curriculum subject-matters.

Cases from an Interdisciplinary Interpretation of the
Environmental Reality

Cachapuz (2020) explores the growing field of teaching
science and art interdisciplinary. The author highlights that
citizens with an interdisciplinary education have more diverse
representations and experiences of reality. Moreover, he
describes some research reports illustrating teaching
integrating art and science. However, the core aspect for the
author is that teachers address the knowledge, methodologies
and logic from each discipline.
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Galvao et al. (2021) use four curricular units to connect
disciplines to environmental problems. For the researchers,
societal challenges are complex, so individuals need social and
scientific knowledge for addressing them. The teachers
presented two multidimensional contexts for the students to
solve using what they learned in the units. The students built
different proposals through inquiry. The students’ proposals
were viable and integrated knowledge from diverse areas.

Tan and So (2019) engage students in outdoor
environmental education to connect diverse disciplines to
address an overarching question. The authors consider that
natural settings demand that students identify interactions.
Consequently, students need to establish interactions between
disciplines to read those natural interactions. Teachers of
geography, history and biology engage students in an outdoor
learning trail linked to pre-trial and post-trail phases (in class).
The students could identify the connection between
disciplines.

Cases from an Inter-Epistemological Interpretation of
the Environmental Reality

Robles-Pifieros et al. (2020) engage students in identifying
traditional ecological knowledge (TEK) and a unit relating TEK
and biology to understand ecosystems and their sustainability.
The authors point out that the development of the agriculture
impacts the local ecosystems negatively and marginalise the
TEK. Researchers, teachers and students visited crops to
interview farmers to identify local TEK. Teachers develop a
unit addressing ecological relations by studying elements from
the context. Additionally, students used contextual cognition
tables (Baptista, 2018) to reflect on the relationships between
TEK and science.

Salamanca et al. (2015) worked on innovative activities to
connect science and traditional community knowledge to
reduce classroom waste. The authors find that despite the
school environmental projects, the students do not identify
the waste as a problem. For changing this situation, the
teacher engaged students in a series of activities, including
interviewing adults as parents, other relatives and key people
in the waste management in the city. This dynamic was a
possibility to connect science and community traditions.

Valderrama-Pérez et al. (2015) develop a unit addressing
weather and climate from school science and fishers’
knowledge. The addressed issue is that recent extreme
variations of weather affect navigation, fishing, and welfare.
Students and teachers approximate the phenomenon from two
different epistemologies —the fishers’ traditional knowledge
on weather, climate and fishing cyclical variations and the
description of intertropical and subtropical climate seasons
provided by science.

Cases from a Transdisciplinary Interpretation of the
Environmental Reality

Orozco-Messana et al. (2020) report on an international
and multidisciplinary workshop to lead students from different
countries to transdisciplinary skills. The researchers recognise
that environmental problems are a challenge that disciplines
cannot address in isolation. The workshop encompasses
lectures, projects, social events and reflection. First, the social
events are the way to develop a familiar environment between

the participants. The teachers presented their perspectives
from multiple disciplines to address the environmental issues.
Moreover, the students worked on projects in small teams to
propose multidimensional solutions.

Riley and Proctor (2021) establish a nexus between
physical education and environmental education to guide
students’ learning theorising and living with/through the
problem. The researchers problematized the urbanisation
process in a forest near the school. First, the teachers and
students discussed urbanisation and ecosystems’ destruction,
urbanisation increment, and health and well-being. Second,
the class went on a ski ride to the park, took pictures and
experienced the human/earth relationships.

Riley and White (2019) use “pedagogies attuning-with” to
conduct outdoor education and environmental education. For
example, during a bushwalking expedition, the teachers
engaged students in a mindfulness activity to recognise
themselves as part of the ecosystem. In another experience,
the teachers involved the students in using knowledge from
the social and natural sciences and emerging knowledge from
interaction with people in a town to determine the river
system’s health.

DISCUSSION

All the interpretations of reality are valuable and
contribute, but a more complex framework probably will lead
communities to broader and more profound interpretation and
action. For instance, it is valid and helpful that teachers guide
students to understand the ocean contamination from
chemistry. However, students would have more possibilities to
understand and perhaps change the contamination issue when
the teacher of social sciences leads them to understand the
public policy on industry regulation. Another broader
possibility for students is when teachers from chemistry, social
science, informatics and physical education work in co-
teaching to guide students to address such an issue. The
students would be able to understand the chemical reactions
in the oceans, the policy limitations to control industrial waste
discharges, the implications in public health and computer
tools used to monitor changes in the ocean. Moreover,
students could have a more profound framework to interpret
the ocean contamination and its possible solution when
teachers decide to integrate in the lessons indigenous
communities. This indigenous paradigm might represent a
new perspective to think and act regarding the environmental
reality.

Taking into account the specific cases described in the
results, it is possible to point on specific regularities, novelties
and issues. For example, teachers focused the knowledge
systems and their integrations on social-ecological problems
in every case. Thus, teachers contributed to the citizen’s and
professional’s construction of interpretations of reality. In
addition, experiences that promoted more interaction between
epistemologies, ontologies and communities offered students
more possibilities to understand and intervene in reality.

There are frequent elements, sources, activities or
practices when teachers focus knowledge systems on
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environmental realities. Commonly, teachers engage with
students in

a. reflections on and critic of the consumerist culture,
b. problem or question-solving,

c. active pedagogies and work in the environmental
contexts,

d. project-based learning, and

e. integrating and using the knowledge systems to solve a
problem or answer questions.

In addition to the problem-question solving approach, the
teachers used to address the SDGs and recycling as motivation
for the projects or learning activities. Finally, the most
complex strategies promote an interchange between the
students and communities out of the school.

There are possible limitations for teachers to enact EE
experiences with more complex interpretations of
environmental realities. Some limitations have to do with the
institutional dynamics, others with the teacher education in
EE and others with the teachers’ mastery of the
methodologies. Regarding the institutions, the curriculum is
rigid in many cases, and teachers have no chance to propose
new contents, methodologies, or time administration.
Moreover, institutional administrations do not support the
teachers’ proposals or innovations in some cases. Many times,
concerning the teacher education programs, the EE is part only
of the natural science teacher education (Briggs et al., 2018).
Additionally, teachers do not always count on explicit
environmental educational theories to guide, evaluate and
research EE experiences (Puerto & Tovar-Galvez, 2020; Reddy,
2017).

Integrating knowledge systems to interpret the
environmental reality is a possible content (concepts,
methodologies, and practices) for teacher education programs.
Introducing this frame would help solve the problem that
Reddy (2017) identified regarding the difficulty of defining EE
content for teacher education. Also, this content would solve
the problem of explicitly including EE in teacher education
programs (Franzen, 2017). For example, when the education
faculties teach teachers about mono-, multi-, inter-,
transdisciplinary and inter-epistemological didactics, they
would offer elements for teaching in EE in addition to the
discipline’s contents. However, teaching to teach the
construction of different interpretations of reality cannot be
limited to the integrations’ typology. It must be in a wider
didactic frame, considering learning and its assessment. That
is, the teachers, educators and researchers need those
knowledge systems integration models expressed on teaching
and learning key.

Perspectives for Guiding Teachers in the Knowledge-
Systems Integration

The CEFT (Tovar-Gélvez, 2020a, 2020b) could guide
teachers to enact different interpretations of reality in the
lessons. The CEFT has ontological, epistemological,
pedagogical and didactic foundations based on self-eco-
organisation. At the didactic level, the CEFT offers conceptual
and methodological elements regarding learning, teaching,
and assessment to teachers and communities. Regarding

learning, the CEFT proposes the complex environmental
competence (CEC), which encompasses some dimensions:

a. Cognitive: Knowledge systems (and all the integration
possibilities) through which subjects approach reality,

b. Metacognitive: Subjects’ ability to reflect on, manage
and assess their learning,

c. Social: Collective learning and cooperative work,

d. Contextual: Subjects’ action on their immediate
environment,

e. Factual: The degree to which the subjects transform
their environmental reality and

f. Identity: Personal,
commitments.

social, and professional

In teaching, the CEFT guides teachers to enact projects to
self-eco-organise the community and the knowledge-thought.
Projects consist of some parts:

a. Contextualisation: Subjects and communities
recognise themselves (identities, territories, beliefs,
values, knowledge) in the environmental context (their
contribution to the environmental reality),

b. Situations definition: The communities delimit the
part of the environmental reality they want to
transform based on the contextualisation,

c. Environmental transformation program: The
system of activities to transform the environmental
reality,

d. Community education program: Activities to share
what the community has learned and to engage other
stakeholders,

e. Permanent evaluation program: The indicators-
activities system that the community uses to determine
if they are reaching the project’s objectives (this is
different to the teachers’ assessment on the students’
learning).

In assessment, the CEFT provides teachers with a set of
scenarios to identify levels of complexity reached through the
projects (Puerto & Tovar-Galvez, 2020). The six scenarios are,
as follows:

a. Learning,

&

Teaching,

Curriculum,

c
d. Interpretation of reality,
e. Autonomy, and

f

Impact.

The assessment levels for the six scenarios are self-eco-
organised, intermediate and restricted. The indicators to
assess the interpretation of reality are as the Table 1 describes.

CONCLUSIONS

The knowledge systems integration models are an
opportunity to shape the students’ and citizens’ interpretation
of reality. Interpretations of reality from a discipline can
contribute to building a students’ view of environmental
issues. Nevertheless, when teachers guide students from a
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Table 1. Indicators for assessing interpretation of reality

Level Indicators. The interpretation of reality is characterised because...

It is self-organised because it integrates multiple dimensions of knowledge (conceptual, procedural, attitudinal, communicative,
Self-eco- an.c'l epistemic).within a spe(.:if.ic discipline or vision to builfi the CEQ. _ _ .
organisation It is eco-organised because it integrates knowledge from different disciplines of the same cultural tradition to build the CEC.

tradition to build the CEC.

It is eco-organised because it integrates knowledge of diverse epistemologies from different nature (ontology) and cultural

It integrates all or some of the dimensions of knowledge within a discipline or vision to build the CEC.

Intermediate It privileges the knowledge of one of the various disciplines within the same cultural tradition to build the CEC.

It privileges knowledge of one of various epistemologies from different nature (ontology) and cultural tradition to build the CEC.

It integrates some dimensions of knowledge within a discipline or vision to build the CEC.

Restricted

It does not integrate different disciplines within the same cultural tradition to build the CEC.

It does not integrate various epistemologies from different nature (ontology) and cultural tradition to build the CEC.

Note. Source: (Puerto & Tovar-Galvez, 2020)

multi-, inter-, trans-disciplinary, or an inter-epistemic view,
they have the opportunity of interpreting the environment
more complexly. This complex interpretation of reality might
guide the students’ actions to transform environmental
contexts.

It seems that addressing socio-ecological issues in the
lessons leads teachers to enact non-traditional teaching
practices. For example, the problem-question solving
approach through projects is frequent, which is different from
the traditional talking-teacher lessons. In addition, the most
complex experiences link students to communities and
institutions beyond the physical school, which differs from the
four-wall traditional school. Teachers probably reached this
complexity in teaching because they intended to address the
environmental issues complexly. The diverse knowledge
systems integration models supported those complex teaching
practices.

The scarce institutional support and teacher education are
limitations to using the knowledge systems integration models
in the lessons. The educational public policy and institutional
administration are a way to address the institutional obstacles.
Instead, educational research has more opportunities to solve
teacher education issues. In this last case, researchers might
provide teachers and educators with knowledge systems
integration frameworks.

However, there is literature that mastery explain what
multidisciplinary, interdisciplinary and transdisciplinary is.
However, those papers do not guide teachers on how to use
those models in the classroom. For this reason, those
knowledge systems integration models should be in the frame
of an environmental education theory. The CEFT is a theory
that frames the knowledge systems integration models in
teaching and learning. The CEFT offers a conception and
guidelines about teaching, learning and assessment based on
the self-eco-organisation. Understanding the educational
process from self-eco-organisation of systems is a way to
integrate knowledge systems for shaping students’
interpretation of reality and action.
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