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As a result, mathematics teachers are prompted to focus on the heutagogical
approach. However, challenges arise, like inadequate training and support among
mathematics teachers. Thus, this study concentrated on formulating a series of
teaching activities aligned with the heutagogical approach, specifically tailored to
assist mathematics teachers in enhancing their teaching methods. This study was
conducted using the Fuzzy Delphi Method (FDM) involving 15 experts with
various fields of expertise such as mathematics education, educational technology,
heutagogy, pedagogy and the curriculum as well as primary and secondary school
mathematics teachers. The data was collected from October 2023 to November
2023 by using a questionnaire as the primary means of collecting data. Findings
were analysed using triangular fuzzy number, threshold value, percentage for
expert consensus and defuzzification process to determine the acceptance and
ranking for each teaching activity. The results indicate that teachers assign projects
that require students to explore real-world applications of mathematical concepts,
were ranked first, followed by other activities, while teachers arrange virtual
sessions with guest speakers from the mathematics field to provide insights to real-
world applications were ranked last. In conclusion, this study offers valuable
insights for mathematics teachers interested in enhancing student-centered
learning within the framework of Education 4.0.
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INTRODUCTION

In the era of Education 4.0, which is characterised by advancements in technology and
changes in educational paradigms, the curriculum for mathematics education is also
evolving. This evolution demands that teachers adapt and employ a diverse range of
teaching skills to effectively address the needs of students and effectively deliver the
curriculum content in line with the requirements of Education 4.0. Notably, the need for
education 4.0 underscores student-centred teaching strategies by promoting self-
directed learning aligned with students' capabilities and capacities (Moore, 2020). This
method enables students to undergo the learning experience (Kamrozzaman et al., 2020)
while comprehending the process of acquiring knowledge and learning resources
independently (Kelly & Lynes, 2022). Consequently, mathematics teachers are urged to
concentrate on appropriate teaching approaches, such as the heutagogical approach
(Jones et al., 2019).

The heutagogical approach is a progressive and student-centric educational philosophy
that profoundly emphasises student’s empowerment and autonomy (Lynch et al., 2021).
Unlike traditional teaching methods, heutagogy takes the concept of self-directed
learning to a higher level by encouraging students to actively shape and navigate their
educational experiences (Blaschke, 2021). In the heutagogical model, students are not
passive recipients of information but rather active participants in their learning journey.
They are entrusted with the responsibility of setting their own learning objectives,
choosing the methods and resources that best suit their individual learning styles, and
evaluating their own progress (Stoten, 2020).

In the context of mathematics education, the heutagogical approach empower students
as active participants in their educational journey (Chamo et al., 2023). Heutagogy is
the idea of granting students the authority to take charge, fostering a deep sense of
responsibility and ownership over their learning process (Sholikhan et al., 2022).
Furthermore, heutagogy underscores the importance of students actively participating in
goal setting and planning, urging them to define objectives, break down aspirations, and
create a personalised roadmap for their educational pursuits (Suhaimi et al., 2020).
Acknowledging the diverse nature of individual learning preferences, heutagogy
advocates for the exploration of flexible learning methods (Chamo et al., 2023).

Nevertheless, applying the heutagogical approach to mathematics education poses
challenges. Multiple studies indicate that teachers encounter obstacles when
incorporating heutagogy into their teaching methods (Arayathamsophon et al., 2020;
Hidayat et al., 2020; Nasution et al., 2022; Alias & Matore, 2023). The lack of adequate
training and support (Amiruddin et al., 2023) and limited resources such as suggested
teaching activities (Abraham & Komattil, 2017; Mohamad et al., 2023) hamper
mathematics teachers in effectively conveying mathematical concepts, linking lesson
content to everyday life, providing systematic guidance, and achieving set objectives
during the implementation of the heutagogical approach (Engelbrecht et al., 2020).

Hence, providing teachers with opportunities for professional development and
sustained support is essential to equipping them with the skills necessary for the
effective integration of heutagogy into their teaching methods (Blaschke, 2019; Chan et
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al., 2019; Blaschke & Marin, 2020). To this end, this study concentrated on formulating
a series of teaching activities aligned with the heutagogical approach that mathematics
teachers can use to improve their teaching practices. These activities were developed
based on expert perspectives and grounded in the six heutagogic design elements,
namely explore, create, collaborate, connect, reflect and share. The integration of these
activities into teaching practices may assist teachers in refining their instructional
methods and enriching the learning experiences of their students. To identify relevant
teaching activities, the researcher has identified the following research questions: 1)
What teaching activities aligned with the heutagogical approach can mathematics
teachers utilise to enhance their teaching practices based on experts’s consensus?

Review of Heutagogy in Education

The ongoing pragmatic revolution in education is a response to the imperative of
staying competitive within the evolving landscape of globalisation. In the present
interconnected world, where economies, industries, and societies are becoming
increasingly interwoven, there is an escalating demand for individuals, organisations,
and nations to adjust to swift changes and uphold competitiveness. This transformative
shift necessitates a fundamental change in both technical and educational practices,
calling for a reconsideration of the roles played by both teachers and students (Stoten,
2020). Contemporary students are increasingly seeking autonomy in their pursuit of
knowledge, driven by their innate desires to shape learning patterns that align with their
individual identities and preferences (Agonacs & Matos, 2019). The success of modern
education hinges on empowering students to become the principal agents in their
learning journeys (Blaschke & Marin, 2020) and capacity for self-directed learning.

In this context, the heutagogical approach, introduced by Kenyon and Hase (2000),
emerges as a modern and comprehensive educational model. This method places a
strong emphasis on providing students with the skills to independently learn and
enhance their self-improvement through techniques of self-directed learning (Blaschke
& Hase, 2019). By integrating these innovative approach, education can effectively
address the changing needs of students in an era characterised by rapid transformations
and increasing complexity. Ultimately, this shift towards student empowerment and
self-directed learning is pivotal for fostering a more resilient and successful modern
education system (Chan et al., 2019).

According to Hase and Kenyon (2013), the establishment of a heutagogical teaching
and learning environment becomes feasible when several key elements are in place.
Firstly, students should be collectively engaged in shaping both content and learning
processes (Rusli et al., 2020). Secondly, a system of flexible learning assessments
should be implemented (Samin et al., 2020). Thirdly, an atmosphere that encourages
active and collaborative learning should be fostered (Lock et al., 2021). Fourthly,
students should be prompted to explore diverse learning resources (Adriani et al., 2022).
Finally, there should be a deliberate reduction of control during learning sessions
(Hainsworth et al., 2020).
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Conceptual Framework

To facilitate the implementation of this study, the researcher conducted literature
reviews centred on the fundamental principles of heutagogy to strengthen the
conceptual aspects of the study. This process helped ensure that the study was well-
informed and grounded in established knowledge before proceeding with its
implementation. The construction of the study's conceptual framework includes six
components that align with the six heutagogic design elements, namely explore, create,
collaborate, connect, reflect, share (Blaschke & Hase, 2019). The ensuing section
outlines these six elements that underpin heutagogy and were employed in shaping the
framework for this study.

1. Explore: students should have the opportunity and freedom to embark on their
learning journey by exploring diverse paths and knowledge sources. It is essential for
them to have the flexibility to formulate and test hypotheses, as well as to pose and
address questions, all of which naturally emerge during the exploration process
(Handayani et al., 2021)

2. Create: students are given a valuable opportunity to translate theoretical knowledge
into practical application through the incorporation of the element of creation. This
approach emphasises active engagement and hands-on learning, allowing students to
move beyond the passive reception of information (Mohamad et al., 2021)

3. Collaborate: students should be given the opportunity to collaborate, allowing them
to participate in mutual learning experiences. Collaborative endeavours support students
in achieving common objectives and goals. Through working together, students can
adeptly tackle challenges, solve problems, and enhance their knowledge by exchanging
information and sharing experiences with one another (Engelbrecht et al., 2020)

4. Connect: students should have the chance to engage with their peers, establishing a
shared learning environment and exchanging experiences, fostering a supportive
community. As co-creators of their learning journey, students gain advantages from
interacting with fellow learners. This shared setting promotes the exchange of ideas,
collaborative problem-solving, and the collective creation of knowledge (Web et al.,
2019)

5. Reflect: students should be provided with the opportunity for reflection, as it is
essential for fostering intellectual growth. Reflection is a cognitive process that goes
beyond the surface level of learning. It encourages students to think critically about
their learning experiences, actions, and the knowledge they have gained (Yeh et al.,
2019)

6. Share: students should have the chance to share their knowledge with peers who
share similar interests through diverse online platforms, such as social media and video
conferences. This approach not only encourages collaboration but also facilitates a
dynamic exchange of ideas among students (Morris, 2019).
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METHOD

The methodology section will cover the specific approach taken to conduct the study.
This will include a description of the study design, the group of experts, research
instrument, validity and reliability and analysis procedure.

Research Design

The research was carried out from October 2023 to November 2023 and involved a
comprehensive review of existing literature, followed by the implementation of the
Fuzzy Delphi Method (FDM). This method featured a consensus meeting that brought
together experts from diverse fields, representing a spectrum of expertise (Yusoff et al.,
2021). The primary objective of this consensus meeting was to collaboratively curate a
comprehensive list of teaching activities. In the implementation of this method, Fuzzy
set theory was intricately woven into the conventional Delphi method. This integration
aimed to introduce a more flexible and nuanced dimension to the expert evaluation
process. The initial Likert scale, which had been selected by the experts for their
assessments, underwent a transformation into a Fuzzy scale (Rahman et al., 2021). This
transformation involved employing Fuzzy scoring, utilising binary terms (0,1) to
represent degrees of agreement. Through the application of Fuzzy scoring, the
consensus achieved by the participating experts was distilled into three distinct values.
These values encompassed the minimum, representing the most conservative viewpoint;
the most reasonable, indicating the middle ground or the consensus point; and the
maximum, reflecting the most optimistic or ambitious perspective (Yaakob et al., 2020).

Group Expert

The meticulous execution of the Fuzzy Delphi Method (FDM) involved a careful
process of constituting expert groups through purposive sampling. Deliberately
selecting purposive sampling aimed to choose individuals with specialised knowledge,
ensuring their insights significantly contribute to the inherent consensus-building
process of the FDM (Hasim et al., 2021). The process of expert selection in this study
adheres to the criteria outlined by Effendi et al. (2017), defining an expert as an
individual with professional and field expertise, possessing a minimum of five years of
experience in their respective domain. Beyond establishing the criteria for expertise, the
selection process for this study also considered the number of experts involved. In an
expert selection, Lim et al. 2021 suggesting a panel of ten to fifty experts and Yusoff et
al. (2021) have stated that seven is the minimum number of experts required. This
finding is supported by Mustapha et al. (2023) which reported that seven samples are
adequate in the FDM. In alignment with these recommendations, a total of 15 experts in
mathematics education, educational technology, heutagogy, pedagogy and the
curriculum as well as primary and secondary school mathematics teachers were chosen
for this study.

Research Instrument

In this study, the researchers used a questionnaire as the primary means of collecting
data. The researchers intricately designed this set of questions with the explicit aim of
gathering specific and relevant information aligned with the research objectives.
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Mustapha et al. (2023) suggest that researchers can effectively generate questionnaire
items by thoroughly examining relevant literature and conducting pilot studies. As a
result, the researchers developed the instrument based on six heutagogic design
elements, namely explore, create, collaborate, connect, reflect, and share (Blaschke &
Hase, 2019), comprising 30 items (Part A=5 items; Part B=25). To achieve consensus
on the items, researchers implemented a seven-point Likert Scale (1=strongly disagree;
7=strongly agree). The seven-point Likert Scale is well-suited for transformation of
fuzzy set theory into the Delphi method, offering a structured yet fuzzy framework for
experts to convey their opinions with varying levels of certainty (Wiles et al., 2017;
Paris et al., 2022).

Validity and Reliability

The validity process is crucial to ensure that the items created effectively address the
research question. An item or research instrument is deemed to possess high validity
when the items within the questionnaire accurately measure the intended constructs. In
this study, the researchers opted for face and content validity procedures (Fawns-Ritchie
& Deary, 2020). A panel of four experts specialising in assessment and evaluation,
mathematics education, curriculum development, and Malay studies were selected to
execute the validity assessment. Following the expert evaluation, all items in the
questionnaire with a content validity index exceeding 0.75 (Polit et al., 2007) were
deemed valid and retained for further analysis.

Subsequently, the researchers undertook a reliability test. The primary objective of a
reliability test is to evaluate the stability and consistency of a research instrument over
time and across diverse situations (Suriici & Maslakci, 2020). To conduct the reliability
test, a pilot study involving 10 experts with characteristics similar to those selected for
the main study was carried out by the researchers (Dawood et al., 2021). The outcome
of this pilot study informed the final instrument, demonstrating strong consistency and
effectiveness, as evidenced by the Cronbach's Alpha value of 0.93 for the 25 items
(Fawns & Deary, 2020).

Analysis Procedure

In the use of the Fuzzy Delphi Method (FDM) for a study, there are steps that need to
be followed for the study to be considered empirical. The sequence of steps to be
adhered to is as follows:

Converting all linguistic variables into triangular fuzzy number

In this phase, the Likert Scale initially provided by experts has been transformed into a
Fuzzy Scale. The utilised fuzzy numbers range from 0 to 1. To illustrate, if the first
expert assigns a score of 7 to item 1, this score of 7 is then converted into 0.90 (m?),
1.00 (m?), and 1.00 (m?®). This conversion results in the generation of a Triangular
Fuzzy Number utilised in the subsequent analysis. The Triangular Fuzzy Number
comprises three values, specifically the minimum value (m?), the most plausible value
(m?), and the maximum value (m3). This conversion to fuzzy scales enables the
researcher to delineate a range of potential scores that better reflect the experts'
opinions.

International Journal of Instruction, October 2024 e Vol.17, No.4



Zakaria, Nasran, Abdullah, Alhassora & Hanid 141

Calculate the threshold value

Next, the researchers calculate the threshold value (d). This value acts as a quantitative
measure, guiding researchers in evaluating the coherence and convergence of expert
opinions in the Fuzzy Delphi Method (FDM). According to Wang et al. (2019) asserted
that if the value of d is less than 0.2, then the experts are considered to have reached an
agreement. The following formula is employed to determine d value.

1
d{mn)= !.- ({my —ny)? + (my —ny)? + (my — ny)?)

\13
Calculate Expert Consensus

Following that, the researchers proceed to calculate the percentage of expert consensus,
considering a permissible threshold value (d) below 0.2. According to Rahman et al.
(2021), the designated percentage for expert consensus should be exceeding 75%.
Conversely, Shubashini et al. (2015) asserts that the recognised percentage should be no
less than 67%. In the context of this study, the researcher has embraced the perspectives
of prior scholars, indicating that the acknowledged percentage for expert consensus
surpasses 75%.

Defuzzification process

The final step involves the researchers conducting the defuzzification analysis. The
purpose of the analysis is to transform triangular fuzzy numbers into precise values,
facilitating the analysis and ranking of factors (Hasim et al., 2023). Consequently, the
ultimate stage of data analysis will entail ranking the items based on the the Fuzzy
Score (A). To meet the conditions of the third criterion, it is crucial that the obtained
value of A is equal to or exceeds the median value (a-cut value), which is set at a
minimum of 0.5 (Yusoff et al., 2021). The formula utilised for defuzzification is as
follows:

1
Amax = §(m1 +m, +m3)

FINDINGS

Table 1 outlines teaching activities aligned with the heutagogical approach that
mathematics teachers can employ. According to the expert group's perspectives and
findings, there are 25 eligible and relevant teaching activities that mathematics teachers
can implement during teaching and learning activities. The findings also show that
teachers assign projects that require students to explore real-world applications of
mathematical concepts, were ranked first, followed by other activities, while teachers
arrange virtual sessions with guest speakers from the mathematics field to provide
insights to real-world applications were ranked last.
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Table 1
Teaching activities aligned with the heutagogical approach

Threshold Expert Score

No. Activities value (d)  consensus value (A) Ranking
1  Teachers support students in choosing a specific area of 0

mathematics for an in-depth project. 150 94.4% 837 2
2 Teachers present students with challenging mathematical 094 100.0% 867 3

problems.
3 Teachers engage students in creating mathematical models to o

solve real-world problems. 165 100.0% 841 18
4 Teachers incorporate interactive online platforms that allow o

students to explore mathematical concepts. 153 100.00% 876 2
5  Teachers guide students to document their exploration of 0

mathematical concepts. 129 94.44% 867 8
6  Teachers incorporate hands-on activities with manipulatives to

facilitate a concrete understanding of abstract mathematical .188 88.89% .843 16

concepts.
7 Teachers encourage students to create educational games that o

reinforce mathematical principles. 165 88.89% 841 18
8  Teachers utilise online platforms for collaborative projects. .155 94.44% .843 16
9  Teachers have students create digital videos explaining o

mathematical concepts. 124 94.44% 0.861 8
10 Teachers assign projects that require students to explore real- 0

world applications of mathematical concepts. 119 94.44% 881 1
11 ;rjgjcer::(:srs foster collaboration between mathematics and other 150 94.44% 863 6
12 Teachers arrange virtual sessions with guest speakers from the 168 94.44% 833 25

mathematics field to provide insights to real-world applications.

13 Teachers establish online forums where students can discuss
mathematical concepts, ask questions, and share resources beyond .140 94.44% .837 21
the classroom.

14 Teachers implement peer teaching sessions where students take

0,
turns explaining mathematical concepts to their classmates. 162 88.89% 867 8
15 Teachers organise a mathematics exhibition where students 0
showcase their projects and discoveries. 118 94.44% 841 18
16 Teachers facilitate the formation of study groups where students o
can collaborate, discuss, and share resources. 183 88.89% 876 2
17 !’fig?’tt;ers assign complex problems that require collaborative 173 88.89% 867 3
18 Teachers conduct seminars where students engage in deep o
discussions about mathematical concepts. 126 94.44% 843 16
19 Teachers initiate a class blog where students can share their 135 04.44% 841 18

mathematical creations, solutions, and insights with their peers.

20 Teachers organise debates on mathematical problems. .165 88.89% .843 16

21 Teachers incorporate feedback loops, allowing students to revise

0,
their work based on peer and teacher feedback. 183 88.89% 0.861 8

22 Teachers assign reflective journal entries where students analyse 0
their learning experiences, challenges faced, and insights gained. 150 94.44% 881 1

23 Teachers guide students in setting personal learning goals and o
regularly tracking their progress. 169 88.89% 863 6
24 Teachers create a shared repository of challenging mathematical 129 94.44% 833 25

problems contributed by students.

25 Teachers guide students in developing portfolios that display their
work, along with reflections on the learning journey and personal 157 88.89% .861 8
development.
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DISCUSSION

The expert group's perspectives and research findings outline a comprehensive list of 25
eligible and pertinent teaching activities suitable for mathematics teachers during
instructional sessions. These activities, firmly grounded in the heutagogical approach,
underscore the importance of fostering student-centred and self-directed learning
experiences. The primary research findings reveal that the first-ranked teaching activity
involves teachers assigning projects that require students to delve into real-world
applications of mathematical concepts. The research underscores the significance of
exploration and creation in the learning process. Assigning students projects that prompt
them to explore diverse paths and tap into various knowledge sources empowers
students to embark on unique educational journeys (Cruz et al., 2023; Hariyanto et al.,
2023). This method not only fosters a sense of autonomy but also motivates students to
take ownership of their learning (Perera & John, 2020). The heutagogical principles
manifest through the active encouragement of exploration, hypothesis formulation, and
problem-solving extending beyond the realm of mathematics and are crucial for lifelong
learning (Chimpololo, 2021). Moreover, the creation aspect of heutagogy becomes
evident as students actively translate theoretical knowledge into practical application
through project work. This dynamic process not only reinforces theoretical concepts but
also instills a sense of creativity and innovation. Students are challenged to think
critically, apply mathematical principles to real-world problems, and generate solutions,
thereby fostering a learning environment where students actively contribute to their
education, transcending the traditional role of passive information recipients (Gillaspy
& Vasilica, 2021).

In contrast, teachers arranging virtual sessions with guest speakers from the
mathematics field, aimed at providing insights into real-world applications, emerge as
the least favoured activity, as per indications from the expert group. Despite the
acknowledged potential value of guest speaker sessions in offering valuable
perspectives and establishing connections with real-world applications, this specific
activity may not align as effectively with certain facets of the heutagogical approach
(Baharman et al., 2022). While the undeniable contribution of guest speaker sessions to
bringing real-world relevance to the classroom is acknowledged, their effectiveness in
promoting specific aspects of heutagogy might be limited. This limitation stems from
the perception that virtual guest speaker sessions are more passive, positioning students
as recipients of information rather than active participants in their learning journey
(Kim, 2022). This passive characteristic of the activity raises questions about its
compatibility with the principles of heutagogy, which emphasise self-directed learning,
exploration, and creation. The potential variance in effectiveness is rooted in the
inherent structure of virtual guest speaker sessions, where the interaction may be
perceived as less dynamic compared to more hands-on and participatory activities
(Karatas & Arpaci, 2021). Within the context of heutagogical learning, which thrives on
actively engaging students in the learning process, this perceived passivity could be a
significant factor contributing to the lower favorability of this teaching method.
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CONCLUSION

In summary, the study meticulously outlines 25 relevant activities firmly rooted in
heutagogical principles, placing a significant emphasis on fostering student-centred and
self-directed learning experiences. The primary research findings underscore the
effectiveness of mathematical projects, especially those integrating real-world
applications, as the most impactful teaching activity. This departure from traditional
methods serves as a testament to the dynamic and engaging educational model
advocated by the study, effectively bridging the gap between theoretical knowledge and
practical utility. This alignment with heutagogical principles reflects a contemporary
and innovative approach to mathematics education. In essence, the study concludes that
mathematics teachers can use the comprehensive list of teaching activities provided as a
valuable guide to incorporate the heutagogical approach into their mathematics lessons.
By leveraging these activities, teachers have the potential to facilitate a transformative
shift in their instructional practices, promoting active engagement, exploration, and
creativity among students. However, it is important to acknowledge a limitation of the
study, which is the absence of implementation of the identified teaching activities in
real educational contexts. This limitation may raise questions about the practical
applicability and effectiveness of these activities in real classroom settings. In the
future, other researchers can leverage the identified teaching activities as a foundation
for designing and developing new teaching models. These models could further enhance
the integration of heutagogical principles into real educational contexts. The findings
open the door for ongoing exploration and innovation in instructional approaches,
encouraging teachers and researchers alike to continue advancing teaching
methodologies that align with the evolving landscape of education.
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