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Abstract: Eco-Digital Pedagogy: Current Situation and Its Solution to Enhance Pre-Service
Teachers’ Pedagogical Competence. Objective: This study aims to: 1) explore the existing model
implemented in the classroom related to pedagogical learning, the use of technology, and environment-
based learning; and 2) propose eco-digital pedagogy to improve the competence of 21st-century pre-
service (trainee) teachers. Methods: This study was qualitative with didactical research design,
focusing on the analysis of the implementation of pedagogical courses at the Geography Education
Study Program at Universitas Negeri Semarang (UNNES). The subjects of this research were
selected using a purposive technique and consist of twelve students who had completed pedagogical
courses. Primary data, collected from interviews, were then complemented with secondary data
from previous research, books, and online articles related to implementing eco-pedagogy and digital
pedagogy. Findings: The results indicate that pedagogical skills learning, technology utilization, and
environment-based learning have been applied, but the intensity, variety of methods, and comprehension
are relatively low. Lecturers often underutilize technology as an educational tool and do not fully
comprehend the ecological principles underpinning sustainable development. Technology adaptation
is limited to the use of LMS, while eco-related materials are minor and not practicable. This condition
requires improvement, one of which is through eco-digital pedagogy, a combination based on
digitalization and awareness of ecology. It can be implemented through several steps: 1) designing a
suitable curriculum, 2) providing adequate facilities, 3) increasing hands-on practice with real and
relevant situations, 4) enriching pedagogical learning methods, and 5) utilizing platforms or digital
media as a teaching space and a campaign for promoting environmental awareness. Conclusion:
Digital and eco-related learnings are found to be minimally implemented, thus the learning outputs are
not optimal. Eco-digital pedagogy can be applied to enhance the learning quality of pedagogical
courses.

Keywords: eco-digital pedagogy, geography trainee teacher, 21st century.

To cite this article:

Kurniawan, E., Akhyar, M., Muryani, C., & Asrowi. (2025). Eco-Digital Pedagogy: Current Situation
and Its Solution to Enhance Pre-Service Teachers’ Pedagogical Competence. Jurnal Pendidikan
Progresif,  15(2), 927-944. doi: 10.23960/jpp.v15i2.pp927-944.

 INTRODUCTION
In the 21st century, the world is increasingly

interconnected, facing unprecedented problems
and situations that most humans have never
anticipated (Maker, 2021). The 21st century has

brought advanced technologies, leading to more
intense globalization. Currently, we are on the
cusp of the Fourth Industrial Revolution, and
various sectors of life are now surrounded by
highly sophisticated technology (Hariyanto, 2019;
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Sidi, 2013). The profound changes brought about
by the Fourth Industrial Revolution have
compelled all aspects of life to adapt to
technology, including the education sector. The
Fourth Industrial Revolution has introduced new
challenges for the teaching-learning process
(Molla, Yayeh, & Bisaw, 2022). Schools,
colleges, and other educational institutions are
now required to develop curricula that align with
the skills, character, and competencies of the
present century.

The Partnership for 21st Century Learning
(Ohio Department of Education, 2016) has
developed a framework for 21st-century skills that
learners should master, including: (1) key subjects,
(2) innovation and learning skills, (3) information,
media and technology skills, and (4) life and
career skills. In the 21st century, geography skills
play a fundamental role, encompassing the
learning and understanding of environmental,
social, cultural, economic, and political issues in
the era of globalization (Reinfried & Hertig,
2012). Geography is a complex discipline, and
with its multidisciplinary approach, it encourages
a unique learning process. Learning geography is
a creative process that can inspire curiosity about
the world, particularly regarding nature
(Markuszewska, Tanskanen, & Subiros, 2018).

The urgency of geography has escalated
exponentially in the 21st century due to the high
environmental problems and the need for
sustainable development. Geography is
inseparable from the principle of sustainability
because it includes three critical aspects: a
comprehensive understanding of geographic
space, the ability to analyze geographic space,
and respect and a sense of responsibility toward
geographic space (Palacios et al., 2017).
Geography, as a system science, connects nature
with the environment and various policies, serving
as a crucial starting point for integrating multiple
disciplines in development, underscoring the
urgency of geography in sustainable development

(Peng et al., 2020; Qiu, 2017). Geography also
holds a strategic and central position in education
for sustainable development (Grindsted, 2013;
Grindsted, 2014; Haubrich, Reinfried, &
Schleicher, 2007; Yli-Panula, Jeronen, &
Lemmetty, 2020). Guo et al. (2018) also pointed
out that geography offers a suitable context to
explore students’ experiences of sustainable
development.

In line with its urgency, 21st-century
geography learning must guide students to
approach and solve problems from a geographic
and spatial perspective. Innovative learning is
essential to empower students to be active,
critical, and communicative in addressing issues
aligned with 21st-century geography learning
objectives (Silviariza, Sumarmi, & Handoyo,
2020). Akbulut (2004) further emphasized the
urgent need for an environment that supports
creative thinking processes and creates a student-
centered learning environment through active
learning in geography education. Markuszewska,
Tanskanen, & Subiros (2018) added that in this
21st-century era, geography learning should no
longer be traditional and textbook-based.

Alim & Altas (2005) stressed that the
success of high school geography education
depends significantly on the application of effective
geography learning methods, the efficient use of
various materials and media, and technology in
the classroom. However, some previous studies
have shown that geography learning still faces
various problems and challenges, such as many
teachers continuing to use a lecture-centered
approach in geography education (Artvinli,
2010). Geography learning also frequently relies
on a teacher-centered approach that renders the
learning experience passive (Elton, 2011). These
issues are compounded by the low ability of
geography teachers to implement innovative
learning effectively (Paradis & Dexter, 2007).

In this context, teachers are expected to
update their competencies to meet 21st-century
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challenges and modify their teaching strategies
to empower 21st-century students (Caena &
Redecker, 2019). Teachers play a pivotal role in
driving change in schools. While no curriculum
possesses magical powers, the magic in education
resides in teachers and students (DeMitchell &
Fossey, 1997). Therefore, given that today’s
students, belonging to Generation Z, require
teachers who can adeptly harness modern
technology, the core curriculum should
underscore the importance of using technology
in geography education, including GIS
technology. In keeping with the prevalence of
technology in daily life, technology must also be
integrated into students’ education and
development (Piotrowska et al., 2019; Utami,
Zain, & Sumarmi, 2018).

To develop competent teachers for the 21st

century, teacher education and training programs
must incorporate 21st-century skills into the
curriculum. Education should focus on
technological, pedagogical, and disciplinary
elements through new approaches and
methodologies to foster 21st-century skills in
students (Gonzalez-Perez & Ramirez-Montoya,
2022). The findings from Alotaibi’s study (2022)
highlight that forming proactive teachers in the
21st century can be achieved through the
professional development of pre-service
teachers, which includes pedagogical
approaches, technology-based 21st-century
learning, and the enhancement of experience,
competence, and proficiency in 21st-century
skills.

Improving pedagogical skills in teacher
professional development is essential, given that
several studies have shown relatively low levels
of teachers’ pedagogical skills (Rosali, 2019).
Furthermore, a study conducted by Izzati (2016)
also assessed the teaching abilities of Geography
Education students, revealing that the students’
abilities were moderate, with a score of 56.97.
Research by Hartono (2015) also indicated that

many educational students still lack adequate
teaching competence, as evidenced by a score
of 6.42, indicating they are less prepared in this
regard.Top of Form

To address the aforementioned challenges
in 21st-century geography learning, digital
pedagogy can be considered one of the strategic
alternatives to produce competent teachers and
foster innovative geography learning. Digital
pedagogy learning is an initiative aimed at
enhancing teachers’ knowledge and competence
through a learning process that centers on
problem-solving and the development of higher-
order thinking skills, all while making effective use
of information technology (Milton & Vozzo,
2013).

Digital pedagogy has become an essential
element in education today. The findings from
research conducted by Haugsbakken, Nykvist,
& Lysne (2019) indicate that, despite the
widespread adoption of digital or online learning,
many teachers tend to prioritize technological
aspects while sometimes neglecting the
significance of pedagogical aspects. However,
changes in the learning process should ideally be
accompanied by a shift in the pedagogical
paradigm. In other words, the role of technology
in learning should be integrated to transform
teaching from traditional and conventional
student-centered and collaborative approach
(Prakash, 2014).

In addition to digitalization in the 21st
century, along with geography’s role in sustainable
development, pedagogical learning must aim to
inspire students to comprehend sustainable
development, which includes fostering an
awareness and love for the environment through
an ecopedagogical perspective. Students should
understand these concepts and possess the
capacity to address environmental issues (Razak
et al., 2017). Education for sustainable
development can be effectively achieved through
eco-education-based approaches, as supported
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by research conducted by Sumarmi, Aliman, &
Mutia (2021).

Eco-pedagogy teaches students to
understand and appreciate nature as well as the
impact of human activities on the environment,
thereby fostering greater responsibility in
maintaining environmental sustainability
(Wardhani et al., 2022). By instilling the values
of eco-pedagogy, geography education can
contribute to sustainable development by
preparing a generation that is aware of the
importance of preserving the balance between
natural and social systems (Sulaswari et al.,
2023). In the context of classroom teaching,
teachers who participate in eco-pedagogy training
show improvements in environmental education
concepts and higher-order thinking skills, which
positively affect the dynamics of learning (Asli et
al., 2024).

The potential of digital technology combined
with eco-pedagogy in learning is substantial;
however, many have yet to implement it optimally,
including the Geography Education Study
Program at Universitas Negeri Semarang
(UNNES). Environmental issues are often treated
merely as supplementary material rather than as
a main thematic framework integrated across
various courses. These issues are also presented
abstractly, without contextualization, and there is
no emphasis on accessing concrete information
and data about environmental issues through digital
technology. The digital technology currently used
is still basic, limited to Learning Management
Systems (LMS) for sharing materials and
assignments or visual media through PowerPoint
slides. Additionally, the fragmentation of courses
results in environmental issue-based learning with
technology not being systematically integrated.

This situation is clearly not ideal, considering
the increasing severity of environmental
degradation. Up-to-date environmental issues
must be raised to be more adaptive to global
challenges, and this requires digital technology as

a tool. Environmental problems must be viewed
concretely and data-based to obtain a more
factual and scientific picture. Addressing
environmental issues can be done using advanced
data and tools such as Geographic Information
Systems (GIS) and the Internet of Things (IoT).
Therefore, an active and participatory pedagogical
approach within a digital framework based on
environmental awareness is urgently needed. We
expect digital and eco-pedagogy to contribute
to enhancing geography students’ awareness-as
they will later become teachers themselves.

This study addresses two main questions:
1) What is the current condition of the
implementation of pedagogical learning,
technology utilization, and environment-based
learning among prospective geography teachers
at UNNES? and 2) How can an eco-digital
pedagogy model be proposed as a solution to
improve the pedagogical competence of 21st-
century prospective geography teachers?

 METHOD
Research Methodology

This study was qualitative with didactical
research design, focusing on the analysis of the
implementation of pedagogical courses at the
Geography Education Study Program at
Universitas Negeri Semarang (UNNES). It
subsequently proposes the importance of the eco-
digital pedagogy model to enhance the
competence of 21st-century geography teachers.
The curriculum documents of the department
revealed that several pedagogical courses were
designed to prepare Geography Education
students as pre-service teachers. These courses
include (1) Geography Curriculum Review, (2)
Geography Learning Planning, (3) Geography
Learning Strategy, (4) Digital Geography Teaching
Material Development, (5) Geography Learning
Resources and Media, (6) Geography Learning
Evaluation, (7) Classroom Action Research, and
(8) Microteaching.
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Research Subjects
The subjects of this research were selected

using a purposive technique and consist of twelve
students in the Geography Education Study
Program at UNNES who had completed
pedagogical courses to provide comprehensive
and accurate information. Subjects were selected
from 8th and 10th-semester students, and the
number of subjects was determined based on
reaching data saturation, where further interviews
did not yield significantly new insights, and the
subsequent respondents’ answers only confirmed
the main themes previously identified. Therefore,
the interviews were deemed sufficient to collect
valid data and could proceed to the data analysis
process. After conducting interviews, ten
participants were selected, each identified by a P
code.

Instruments
The instrument utilized in this study is an

interview guideline. All interviews were conducted
structurally, so they needed a set of questions.
The guideline leads the researchers on the
determined aspects and checklists them during
the interview. Several essential aspects
investigated here are 1) pedagogical skill
development, 2) the use of digital technology in
teaching and learning, and 3) environmental-
based learning in their teaching practices. In this
study, the data validity was tested through source
triangulation by comparing all information from
interviewees (subjects).

Some examples of key interview questions
related to the development of pedagogical skills
include: (1) What pedagogical courses are
offered to prospective geography teachers?; (2)
How are the current pedagogical lectures
conducted? Are they effective? Are students given
opportunities to actively and participatively
develop their pedagogical competencies?; (3)
What teaching methods are used by the lecturers?

Some examples of key interview questions
related to the use of digital technology in teaching

include: (1) What types of digital technology are
used in the learning process, and has their use
been optimized?; (2) How proficient are the
lecturers in using digital technology?; (3) Have
digital technologies such as GIS, remote sensing,
audiovisual tools, and artificial intelligence been
effectively integrated into teaching?

Meanwhile, interview questions related to
eco-pedagogy include: (1) How do lecturers
incorporate environmental content into geography
instruction?; (2) What environmental issues are
utilized in the learning process? Are they
contextual and data-driven?; (3) Are
environmental issues discussed with a focus on
knowledge formation or character development?

Data Collection and Analysis
This research utilized both primary and

secondary data sources. Primary data was
collected through interviews. The interview data
were then complemented with secondary data
from previous research, books, and online articles
related to implementing eco-pedagogy and digital
pedagogy. Following data collection, the analysis
was conducted using interactive analysis
techniques based on the model by Miles and
Huberman (1992). The interactive analysis
process consisted of three main components: data
reduction, data presentation, and drawing
conclusions or verification. Data reduction was
carried out by organizing and reviewing the
interview transcripts to identify an overall picture
of the interviews. Subsequently, initial coding was
conducted to mark relevant excerpts of sentences
or paragraphs, followed by categorizing similar
codes. Several key points identified and grouped
included: (1) insufficient pedagogical skills, (2)
insufficient opportunities to practice, (3)
suboptimal use of digital technology, (4) lack of
innovative technology in the classroom (outdated
technologies), and (5) lack of contextual learning.
Afterward, the researcher presented the results
of the coding and categorization in a simple table
and then drew conclusions.
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Ethical Clearance
The researchers have gained permission

from Universitas Negeri Semarang (UNNES) to
collect data, process data, and publish the results
of the study. The permission was proposed
through an official letter to the campus.
Researchers have also collected permission from
subjects/interviewees to carry out the interviews
and publish them.

 RESULT AND DISCUSSION
Examining the Current Situation in the
Classroom

According to the Law of the Republic of
Indonesia Number 14 of 2005 on Teachers and
Lecturers, professional teachers must possess
four main competencies to achieve educational
and learning goals, namely professional,
pedagogical, personality, and social. Professional
competence for prospective geography teachers
is accomplished through various scientific subjects
in geography, such as physical, human, and
technical geographies. Learning them typically
takes place through classroom lectures, often
supplemented with laboratory work and real-
world field activities. These courses are designed
to equip pre-service teachers with a solid
foundation in geography, which they can later
impart to their students.

The formation of pedagogical competence
for pre-service teachers is achieved through
pedagogical courses conducted in a classroom.
These pedagogical courses aim to empower pre-
service teachers with learning management, which
includes understanding educational principles,
student needs, curriculum development, learning
design, implementing effective and dialogical
teaching methods, utilizing educational
technology, assessing learning outcomes, and
helping students realize their various potentials.
The UNNES Geography Education Study
Program offers a range of pedagogical courses,
including: (1) Geography Curriculum Review, (2)
Geography Learning Planning, (3) Geography

Learning Strategies, (4) Digital Geography
Teaching Material Development, (5) Geography
Learning Resources and Media, (6) Geography
Learning Evaluation, (7) Classroom Action
Research, and (8) Microteaching.

Interviews conducted with students
revealed that, of the eight pedagogical courses
they are required to take, they often feel the
courses are insufficient to give future pedagogical
skills. They need more pedagogical courses to
provide higher opportunities. Typically, these
pedagogical courses are introduced in the third
semester, with one to two courses offered on
average. Furthermore, not all lecturers place a
strong emphasis in developing pedagogical skills.
Pedagogy is primarily just focused on the
implementation of microteaching courses, which
only carry 2 credits.

In addition to course credits, the
effectiveness of pedagogical courses must be
inclined. Students feel that the pedagogical
lectures, as they stand, are often more theoretical
instead of practical at the same time. Lecturers
do not always provide opportunities for students
to apply the theory. This misalignment suggests a
desire for a more practice-oriented approach.

“The development of students’ pedagogical
skills is currently insufficient as the opportunity is
limited to microteaching courses, resulting in
relatively slow progress. As a future educator, I
strongly prefer a hands-on, practice-based
learning approach over theoretical instruction.”
(P1)

“The lecturer delivers the material and
provides practical examples. However, the
pedagogical skills offered are still non-optimal,
leaving students, including myself, with a deficit
in this area. It would be great to integrate activities
aimed at enhancing pedagogical skills into the
learning process.” (P2)

Both statements emphasize the importance
of prioritizing direct practice over theory in the
development of pedagogical skills. As
prospective teachers, students who are provided
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with more opportunities for hands-on practice
tend to develop different abilities compared to
those who mainly consume theoretical content.
Prospective teachers who become accustomed
to direct practice are often better equipped to
master their field, adapt to various situations, and
understand the social context necessary for
effective and adaptive teaching. Conversely,
students who rely primarily on theoretical
knowledge may find themselves less prepared and
confident.

“The lecture system in geography education
falls short in terms of facilitating pedagogical skills.
Most lecturers have yet to incorporate the
concept of geographical skills into their standard
courses, which should be a fundamental
competency for all prospective teachers.” (P3)

The interviews with the students emphasized
the crucial need for pedagogical skills to prepare
them as well-prepared teachers. They stressed
the importance of intensifying the learning system,
shifting the focus from theoretical knowledge alone
to the practical ability to effectively manage
student learning activities.

The interviewees were clear in their desire
to integrate pedagogical skills as a fundamental
aspect in all courses. They believe that this
approach is essential to ensure that the teaching
and learning process between lecturers and
students is not solely centered on understanding
geography content but also emphasizes the
development of skills for effectively managing
student activities. They identified a current
imbalance within the classroom learning process,
where there is an excessive focus on
understanding subject matter content while
pedagogical skills receive insufficient attention.
They highlighted that practical activities aimed at
enhancing pedagogical skills can be incorporated
into various courses beyond microteaching with
teaching practice. For instance, they suggested
that teaching practice could also be integrated
into learning strategy courses. In other
pedagogical courses, students can engage in

practical activities through project-based learning.
This approach would require students to create
a variety of products in alignment with their course
requirements, such as developing digital learning
media or crafting teaching tools.

Pedagogical competence remains a
significant challenge for prospective geography
teachers and must be continuously developed.
Several other studies have also indicated that
pedagogical skills are often a weakness among
pre-service teachers compared to other teaching
competencies. For instance, a study by Ammoneit
et al. (2022) revealed that prospective geography
teachers felt most confident in their content
knowledge as well as their social and personal
competencies, but least confident in their
pedagogical knowledge. However, other
research has shown that prospective geography
teachers are capable of connecting pedagogical
theory with practice, particularly in terms of
pedagogical content knowledge (PCK) (Reitano
& Harte, 2016).

The issue of a gap between theoretical
learning and practical teaching is also highlighted
in other studies. The lack of seamless integration
between theory and practice is particularly
prominent, resulting in the relatively weak
adaptability of prospective geography teachers
in real educational settings (Wan & Cai, 2020).
Wan & Cai (2020) also pointed out several similar
obstacles, including limited practical opportunities,
the absence of effective guidance in teaching
practicums, and the overly theoretical nature of
some current practicum content, which makes it
difficult to reflect actual teaching situations in
primary and secondary school geography
classrooms. Other identified challenges include a
lack of innovative awareness in instructional
design among some pre-service geography
teachers, making it difficult for them to develop
lesson plans aligned with subject development
trends and student needs. Furthermore, a lack of
awareness regarding student diversity also
presents a challenge. In real classroom settings,
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pre-service teachers may encounter students with
varying needs and learning styles, and their limited
awareness of modern technologies hinders the
development of professional teaching skills among
prospective geography teachers.

These conditions underscore the urgency
of enhancing the pedagogical abilities of
prospective geography teachers, particularly
concerning their currently low awareness and
capability in integrating technology. This is
because pedagogical skills and technological
integration are two sides of the same coin—they
are inseparable. Bashir & Jimmy (2023) stated
that technological, pedagogical, and content
knowledge significantly influence the readiness of
pre-service teachers to integrate technology into
classroom practice. Salas-Rueda (2019) also
emphasized that teachers’ pedagogical
competence strengthens the integration of
technology into classroom practices. Another
researcher, Abebe (2021), further asserted that
pedagogical knowledge affects the overall
effectiveness of TPACK in prospective teachers.

The use of technology in learning within the
UNNES Geography Education Study Program
is still not optimal. This is indeed unfortunate,
considering that technology in the current era is
highly advanced and diverse, with specific tools
designed for the field of education. Furthermore,
the campus itself is a formal educational institution
with the highest status and level, making it a model
for other institutions. In reality, the department
has yet to maximize its resources and facilities
ideally. Lecturers tend to rely solely on Microsoft
PowerPoint for their presentation materials, which
is a well-known tool used everywhere, even
though the campus staff can harness more
innovative and effective technologies.

“It can be stated that the utilization of
technology is still suboptimal. The presentation
of materials is predominantly restricted to
Microsoft PowerPoint, with not all lecturers
employing this tool, particularly those of an older
generation. Consequently, the learning process
often appears monotonous, as most lecturers tend

to rely on Sikadu’s Learning Management System
(LMS) as an online-based learning platform. The
lack of innovation is noticeable.” (P4)

“The utilization of technology by lecturers
is inadequate. Technology-based learning, which
incorporates creative and innovative elements, is
seldom employed, particularly when training
prospective teacher students to create
technology-based teaching materials like
interactive games. Students typically acquire the
skills to create technology-based interactive
teaching materials through external training
sessions or webinars outside the regular lecture
process.”

As future teachers, students feel that they
have not been provided with qualified, innovative,
or futuristic technology. Regrettably, the continued
use of outdated technologies not only impacts the
lack of interaction between lecturers and students
but can also instill a mindset in these student
teachers that innovation is unnecessary. They may
believe that sticking to familiar old technologies
is sufficient. This mindset is undoubtedly perilous
because it can cause teacher and student
competencies to lag behind their peers.

Hence, students are eager to create and
employ more efficient and engaging teaching
media, such as geography-themed games.
Traditionally, games have been seen as potentially
distracting students from their studies. However,
it would be fascinating if educators could
transform such media into effective learning tools
rather than something that diminishes students’
interest and learning abilities.

“Improvements in technology utilization in
the classroom are necessary to enhance
competency attainment. Innovation concerning
the use of technology within the classroom
remains minimal, primarily applied in a limited
number of practice-based courses, especially
those related to map-making and geographic
information system analysis.” (P6)

Based on the interviews, it is evident that
most lecturers tend to conduct the learning
process using basic technology and often fall into
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monotony. This indicates that the role of
technology does not dominate in the teaching and
learning process, as seen in activities like
uploading materials and collecting assignments,
which tend to be repetitive and uninteresting.

There are only several additional
technologies used in practice-based courses,
including cartography, Geographic Information
Systems (GIS), and remote sensing. In other
courses, the use of technology is not prevalent.
The technology employed is often one-way and
lacks diversity, making the classroom learning
experience eventually become dull.

The findings of this study align closely with
several other studies, including those by Tondeur
et al. (2012) and Masoumi (2021), which
reported that many pre-service teachers felt
unprepared to use technology in their future
classrooms, indicating a clear gap between
training and practical application. Similarly, Guo
et al. (2020) identified several significant obstacles
faced by pre-service teachers in integrating
multimedia technology into environmental
education (EE). These barriers included: (1)
multimedia technology is perceived as useful for
EE, but it is difficult to implement and is even
considered neither the best method nor an urgent
need for the realization of EE; (2) multimedia
technology is highly effective in promoting EE
learning, yet the application of GIS remains
challenging; (3) pre-service teachers’ multimedia
literacy skills are in urgent need of improvement,
particularly in terms of concrete application in
classroom instruction; (4) it is necessary to
strengthen competencies in using multimedia
technology and GIS within teacher education
programs, as well as to reinforce constructivist-
based pedagogical training; and (5) teachers’
positive attitudes toward the use of multimedia
technology in environmental education are still
suboptimal due to practical limitations, especially
regarding technical skills and the use of GIS.

Several factors contribute to the lack of
integration of innovative technology in geography

teacher education. One key factor is that some
lecturers, particularly senior ones, lack the skills
and technological competence required and often
struggle to adapt to technological disruption in
the era of Industry 4.0. The lack of targeted
training for senior lecturers also contributes to their
limited technological proficiency. Moreover,
courses related to digital technology especially
GIS and remote sensing are often taught by
lecturers who are not involved in pedagogical
coursework, leading to a dichotomy between
technological and pedagogical components. This
finding is consistent with the study conducted by
Aleksieva (2025), which highlights that there is a
noticeable gap in policy and coordination between
different course types-specifically, information and
communication technology in teaching versus
subject-specific methodologies-when it comes to
equipping future teachers for digital
transformation. Although teacher education
programs at universities incorporate digital
technologies to enhance learning outcomes, they
frequently overlook the training of pre-service
teachers in preparing students for the demands
of the digital era. Yang et al. (2022) also
emphasized that while ICT training does have an
impact, it does not always translate into effective
teaching practices.

The implementation of mastering digital
technology in the learning process within the
academic environment is an essential aspect that
must be addressed. This is closely connected to
the endeavor to introduce technological
adaptation in the teaching and learning process
for geography education students as future
educators. The incorporation of digital technology
during lectures can enhance students’
comprehension and habits, consequently fostering
valuable technology proficiency as a foundation
for their future teaching and learning endeavors.

For prospective geography teachers, the
ability to integrate technology into their teaching
is essential and must be effectively supported and
facilitated by universities. Unlike many other
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professions, digital competence in teaching is
complex and operates on two levels. First,
teachers must be adept at using technology
fluently, serving as role models for their students.
Second, their digital skills must be pedagogically
oriented, requiring ongoing didactic decisions
about how digital tools can expand learning
opportunities across different subjects. The
preparedness of teachers to utilize digital
technology in student learning is therefore crucial
(Warsi & Rani, 2024).

The interview results also revealed that the
enhancement of character development,
particularly in terms of environmental
consciousness, still requires attention. While
efforts to instill these noble values have been
made, they tend to be confined to Conservation
Education and Environmental Geography
courses. These two courses alone are insufficient,
given that character development necessitates a
sustained and intensive commitment.

In practice, the development and
reinforcement of environmental care character
also demand a contextual strategy. Environmental
awareness extends beyond mere affection for the
natural surroundings; it requires a comprehensive
understanding of what should be avoided,
prevented, penalized, and optimally implemented
to maintain ecological balance. According to
students, most lecturers in the study program
primarily focus on delivering course content rigidly,
rather than encouraging students to comprehend
real-world environmental issues or devise
solutions to address them. This situation is
regrettable, as geography is a discipline closely
aligned with the study of nature.

“The lecture has successfully conveyed the
elements of character development related to
environmental conservation. This has been
implemented in courses like Conservation
Education and Environmental Geography.
However, there is still room for improvement,
particularly in the integration of contextual-based
learning that addresses environmental issues in
daily life.” (P7)

“Based on a comprehensive study,
Geography Education encompasses all aspects
of human life, ranging from physical and social
entities to the natural environment. However, in
the process of teaching, there is a deficiency in
efforts to nurture an environmental character. This
situation may be attributed to the unfortunate lack
of contextual learning opportunities related to
environmental issues.”

“To date, the concept of environmental care
has not been integrated into every course within
our department. This value has only been
emphasized in the Conservation Education course
during the first semester so that environmental
sustainability issues are not consistently
reinforced.” (P9)

Based on the interviews, materials related
to environmental awareness must be more
relevant to the societal reality. Unfortunately,
students often do not find the relevance,
contextualization, or emphasis on sustainability in
the course materials. Lecturers tend to present
the material as is, without incorporating the actual
conditions that manifest as issues in the social and
natural environment that students will ultimately
encounter.

“Compared to courses in other majors, our
study program has indeed made adequate efforts
to instill the character of environmental care within
the entire academic community, especially among
students. However, contextual learning that
addresses environmental issues still tends to be
lacking as many lecturers emphasize subject-
centered teaching.” (P10)

Based on the interviews, lecturers’
instruction focuses solely on subject-specific
material, neglecting the application of contextual
environmental cases. Only a few lecturers
incorporate environmental issues from everyday
life as discussion material in their classes, and an
even smaller number of them apply environmental
conservation principles in their teaching and
learning processes. This approach contradicts the
essence of geography, where all courses are
expected to adopt contextual learning, addressing
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environmental issues and exploring practical
solutions.

The findings of this study are quite consistent
with several previous studies, one of which is by
Kurniawan et al. (2024), which revealed that the
environmental literacy of Geography Education
students at UNNES falls into the moderate
category. Similarly, their level of environmental
responsibility was also categorized as moderate.
Another study by Zafar et al. (2024), conducted
at a different institution, also showed that
prospective teachers do not always demonstrate
a high level of environmental literacy, as the
average results still fall within the moderate
category. A related study by Hanke & Schmalor
(2025) also supports this finding, showing that
prospective geography teacher students
possessed a relatively good level of knowledge
regarding climate change, but there were still
notable deficiencies in action-based knowledge
and a relatively high level of individual uncertainty.

Another study by Gamira & Firomumwe
(2021) found that prospective geography
teachers at Lowveld University displayed positive
attitudes toward the teaching of Environmental
Education (EE) and demonstrated a strong
understanding of EE’s strategic role in fostering
students’ environmental literacy. However, the
effectiveness of EE implementation in classrooms
continues to face significant challenges,
particularly regarding the lack of comprehensive
pedagogical training and insufficient instructional
resources to support experiential learning (Gamira
& Firomumwe, 2021). In addition, other studies
have emphasized that, in general, the literature
review analysis highlights the lack of environmental
competences among pre-service teacher students
and the gaps in teacher training curricula with
respect to EE (Alvarez-Garcia et al., 2015).

These findings serve as an analysis to identify
issues related to character development. By doing
so, the department can produce geography
teachers who are professional and
environmentally conscious, in alignment with the
subject’s core concept of the interaction between

all living beings, particularly humans and the
environment. This initial data is expected to inform
the creation of policies and innovations promoting
these values, specifically for prospective teachers
in the Geography Education Study Program at
UNNES.

This is in line with the statement by Mongar
(2022), who noted that limited qualifications and
professional development in teaching
Environmental Studies (ES) have resulted in a lack
of confidence in teaching ES, insufficient
pedagogical content knowledge, and unclear
objectives related to ES. These findings suggest
the need to integrate more knowledge of
Education for Sustainable Development (ESD)
into teacher education programs to adequately
prepare teachers to teach ES when required and
to embed ESD principles into other subjects.
Moreover, Rosman et al. (2019) and Pavlova
(2013) also emphasized that ESD and technology
education share many commonalities that can be
used to develop innovative teaching and learning
concepts. Geography is arguably one of the most
suitable subjects for realizing both of these
educational priorities (Bengel & Peter, 2021).

Proposing Eco-Digital Pedagogy as a
Solution

Based on the interviews, it is evident that
pedagogical skills, technology utilization, and
environment-based learning have been
incorporated into teaching and learning activities
in the classroom. Nevertheless, the frequency,
methodological diversity, and comprehensiveness
of these approaches are somewhat lacking. This
is regrettable, given that technology and
environmental awareness are crucial elements for
students in the Geography Education Study
Program, especially as they are systematically
prepared to become professional, adaptable,
creative, and forward-thinking educators.

One of the strategies to address this
challenge involves the promotion of eco-digital
pedagogy, which is centered on the responsible
use of cutting-edge technology and the
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commitment to environmental stewardship for
sustainable development. This approach aims to
empower them to become competent 21st-
century educators, which needs to be restructured
to incorporate training in the instruction of
essential competencies. Educators in the 21st

century must acquire the skill set to deliver
technology-supported learning experiences for
fostering efficient and sustainable 21st-century
learning (Mandal, 2018;  Calacar, 2020).

Burbules, Fan, and Repp (2020) have
outlined five primary facets of rejuvenation and
innovation to confront educational challenges,
namely (1) modifications in the vision and
objectives of education, (2) shifts in the
educational context and ecosystem, (3) alterations
in the learning process, (4) transformations in the
teaching process, and (5) modifications in
educational policies and institutions.
Consequently, digital pedagogy is a fundamental
strategy in addressing these challenges. This
pedagogy is not solely reliant on the teacher’s
technological proficiency but also emphasizes the
teacher’s role in harnessing technology to foster
critical thinking skills and nurture the affective
development of students (Purfitasari, Masrukhi,
Prihatin, & Mulyono, 2019).

Digital pedagogy places its emphasis on
problem-solving-based learning planning,
presenting knowledge as a challenge to be solved
rather than as a mere advancement. This
approach is effective as it integrates knowledge,
pedagogical, and technological elements into the
learning process, thereby fostering collaborative
and active  (Maor, 2013).

Pardinan and Loremia (2020) demonstrate
that digital pedagogy significantly contributes to
the development of individual competencies in
students. Additionally, Ahuja and Yadav (2019)
reveal that students’ academic performance is
enhanced when taught using interactive digital
pedagogy compared to traditional classroom
settings. Furthermore, Moreno, Calderon, and
Arias-Estero (2021) assert that the integration
of Technological Pedagogical Content

Knowledge (TPCK) and Collaborative Learning
(CL) enhances the advancement of digital
competencies and academic achievements among
prospective teachers.

According to Spiro (2013), digital
pedagogy exhibits distinctive characteristics,
which include: 1) amalgamating theory and
practice, 2) promoting creativity and critical
thinking, 3) nurturing creativity, play, and
problem-solving, 4) fostering participation,
collaboration, and public engagement, and 5)
aiming to enhance critical comprehension of the
digital environment.

Teachers, in this case, students in the
UNNES Geography Education Study Program,
should possess strong ecopedagogical skills.
Ecopedagogy is a movement within the academic
realm that aims to instill in students a
comprehensive understanding, heightened
awareness, and life skills harmonious with
environmental conservation endeavors
(Misiaszek, 2019). In operational terms, Surata
(2010) defines ecopedagogy as a learning
approach rooted in love, active participation, and
creativity.

Ecopedagogy generally encompasses three
primary areas. The first is technical (functional)
ecoliteracy, which serves to impart an
understanding of fundamental scientific,
ecological, and biological concepts, as well as
the positive and negative impacts of human
activities on ecological systems. The second is
cultural ecoliteracy, which fosters insight,
awareness, and comprehension of diverse cultural
perspectives regarding the relationship between
humans and the environment, ultimately
contributing to the sustainability of life. The third
is critical ecoliteracy, which strives to incorporate
educational topics in ecological politics,
technological advancements, and communication,
all achieved through critical and constructive
dialogue (Yasida, 2020).

Ecopedagogy places a strong emphasis on
ecological awareness, particularly in relation to
environmental conservation. Learning based on
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ecopedagogy is instrumental in cultivating critical
awareness and nurturing students’ characters,
fostering their understanding of their intrinsic
connection with nature. This understanding equips
them with the ability to apply these characteristics
in their daily lives. It positions students as
independent, autonomous learners, empowering
them to unlock their full learning potential through
experiences gained outside the classroom.
Students are also encouraged to be aware that
each of their actions has an impact not only on
themselves but also on the surrounding
environment (Payne, 2018).

As a critical approach, ecopedagogy
enables the education of individuals on
environmental and social issues (Tsegay, 2016).
In alignment with this, Gyallay  (2004) elaborates
that ecopedagogy seeks to cultivate awareness,
knowledge, and concern regarding social,
political, ecological, and even economic matters
within diverse regional settings, spanning from
rural villages to urban areas.

Based on the explanation of the two
preceding pedagogic values, which are digital and
ecological in nature, their combination can be
implemented to enhance the competencies of
(prospective) 21st-century geography teachers.
Several steps that can be taken include the
following.

First, the design of an inclusive curriculum
that maximizes opportunities for the use of
technology and promotes environmentally
conscious practices. The curriculum serves as the
backbone of any learning program in both formal
and informal educational institutions. Therefore,
lecturers and educational boards within the
institution must be proficient in creating a
curriculum that is practical and pertinent. A
curriculum that aligns with ecological and digital
concepts enhances the prospects of a seamless
learning process.

Second, the provision of infrastructure,
particularly adequate technology, to enhance the
skills of students (prospective teachers). In daily

practice, school facilities are a crucial considertin,
as without adequate resources, even the most
innovative ideas and plans may remain unrealized.

Third, the promotion of hands-on practice
in real-world conditions to ensure relevance.
Lecturers can engage in more practical exercises
to deepen the understanding and critical thinking
abilities of Geography Education students. Such
exercises familiarize pre-service teachers with
real-life issues in the field, preparing them for
future challenges.

Fourth, the enrichment of pedagogical
learning methods, including peer practice to
encourage critical evaluation and reflection.
Lecturers can also employ other methods such
as focused discussions, particularly those related
to ecological issues or climate crisis campaigns
on social media. Students may occasionally be
required to practice teaching at institutions or
schools using the specific methods they are
studying.

Fifth, the utilization of digital platforms and
media as educational spaces and mediums for
promoting environmental awareness and
sustainable development campaigns. In the 21st

century, digital platforms serve as arenas for
discourse, learning, and information exchange.
Lecturers must inspire pre-service teachers to
become well-versed in technology. In this context,
technology is not just a set of tools but a
multifaceted resource. Students can be trained
to deliver content through digital platforms, create
relevant quizzes, and establish spaces for cross-
cultural idea exchange to enrich their knowledge.
Digital media can also serve as avenues for
research and the dissemination of analyses of
ecological issues.

By implementing these methods, the
principles of eco-digital pedagogy can facilitate
the development of highly competent 21st-century
trainee teachers. Their proficiency will initiate a
chain reaction of systematic quality education:
proficient teachers will produce students with
strong competence, and this cycle will continue.
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 CONCLUSION
In the 21st century, teachers are expected

to possess proficient, up-to-date, and relevant
pedagogical skills. Regrettably, many Geography
Education students still lack the necessary
pedagogical competence as aspiring educators.
According to interviews, they often underutilize
technology as an educational tool and may not
fully comprehend the ecological principles
underpinning sustainable development. This
situation necessitates improvement, which can be
approached from an eco-digital pedagogy
perspective combining pedagogy grounded in
digitalization and ecology. The implementation of
this concept can occur through five primary
methods: (1) designing an inclusive curriculum,
(2) providing adequate facilities, (3), enhancing
practical, hands-on experiences in real and
pertinent situations, (4) enriching pedagogical
learning techniques, and (5) utilizing digital
platforms and media as educational spaces and
channels for promoting environmental awareness
and sustainable development campaigns. These
methods can be put into practice by adjusting
the classroom environment, even though maximum
efforts are required. Its implementation requires
fundamental changes to the curriculum, the
provision of supporting facilities or infrastructure,
and the willingness of lecturers or department
administrators to thoroughly understand the
concept of eco-digital pedagogy.

This study has several limitations. First, the
subjects investigated were drawn from only one
university while conditions may vary across other
campuses. Second, the data collection method
relied solely on interviews with a limited number
of interviewees. Further studies are expected to
analyze subjects from a broader range of
institutional backgrounds with a larger sample
size. Data collection methods such as
questionnaires and observations could also be
employed considering a mixed-method approach.
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