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Abstract

STEAM education has been increasingly adopted by teachers globally in educational settings spanning from
elementary school to high school level. However, the challenge is in ensuring that STEAM education adap-
tation remains relevant to students. In this study, we examined Indonesian teacher experts’ points of view on
the pedagogical guidelines for assisting teachers in developing STEAM lessons that are relevant for their
students in the Indonesian context. This study employed the Delphi method and involved the participation of
eighty teacher experts during a series of three rounds of evaluation processes by analyzing the consensus
levels and agreement between rounds. Data were obtained through an online form and subsequently ana-
lyzed by descriptive qualitative methods to investigate the quality of several design principles and acquire
teacher experts’ recommendations. The findings revealed the consensus between the three rounds on the
quality of the design principles. Moreover, the results of this study highlight main dimensions involving
technology usage, assessment, contextual problems, integrated STEAM learning, and classroom implemen-
tation, which might contribute to advancing knowledge in the field of STEAM education. Therefore, the
findings provide recommendations for future research and explorations by focusing on the main dimensions
that should be prioritized.
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1. Introduction

There is still potential for future devel-
opment and innovation in STEAM education
in Indonesia. For example, based on a sys-
tematic literature review conducted by Far-
wati et al. (2021), the implementation of this
educational approach has not been widely
distributed as it mainly concentrates on West
and East Java. The findings from two earlier
studies contradict the Indonesian govern-
ment’s efforts to enhance digitalization in
education and achieve equitable education in
Indonesia (Zamjani et al., 2020). Further-

more, in our previous study, we found that
the development of STEM/STEAM educa-
tion in Indonesia mainly emphasizes hands-
on activities with the limited utilization of
technologies, while STEAM education is
relatively new (Laksmiwati et al., 2023).
Addressing this imperative, we were in-
trigued to investigate how to assist teachers
in successfully bringing STEAM education
into their classroom practices as well as to
support the Indonesian government’s en-
deavor to utilize digital technologies.
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In our previous study, we developed in-
structional design heuristics to support
teachers in designing STEAM lessons in a
hybrid learning environment (Laksmiwati et
al., 2024). In the study, the developed in-
structional design heuristics have been mani-
fested into 13 design principles, which are
expected to be used in a broader range of
STEAM implementation. Therefore, in this
manuscript, we report our investigation of
the quality of the design principles. This ini-
tiative seeks to forge the contribution to fu-
ture explorations in implementing STEAM
education in Indonesia. Hence, the main ob-
jective of this study was to propose main
dimensions which significantly support fu-
ture research to empower the implementation
of STEAM education in Indonesian class-
rooms. STEAM is an instructional approach
that combine five different disciplines name-
ly Science, Technology, Engineering, Art
and Mathematics (Syahmani et al., 2021).
STEM can empower individuals with the
skills to succeed and adapt to new work en-
vironments (Setyaningsih et al., 2022).

The focal point of this study was to ex-
plore the main dimensions that contribute to
further investigation. In this study, we fo-
cused on investigating teacher experts’ eval-
uation of the quality of our proposed design
principles. By examining teacher experts’
evaluation, we aimed to contribute to the
development of main dimensions in order to
implement STEAM in mathematics class-
rooms, in particular in Indonesia. Hence, the
following question guided our study: What
are the teacher experts’ recommendations on
the proposed design principles and future
explorations.

In this section, we present the way in
which the thirteen design principles used in
this study relate to existing literature. There-
fore, in the subsequent section, we discuss
literature studies and provide a comprehen-

sive review of relevant literature to each de-
sign principle employed in our work.

According to Arik and Topeu (2022),
there is an open-ended nature of the design
process activities in STEAM learning with a
focus on the engineering design process.
Furthermore, Syahmani et al (2021) on the
nature of the engineering design process in-
dicates that context could influence how stu-
dents employ design practices. Hence, it is
crucial to contemplate that teachers will be
present in learning activities to bolster stu-
dents’ learning adequately. Based on Harju-
Luukkainen and Vettenranta (2013), Prah-
mana and D’Ambrosio (2020), and Rye and
Stgkken (2012), a myriad of local contexts in
learning activities contribute to enacting the
quality of students’ learning, providing op-
portunities to link their education with the
problem encountered as a constituent of
communities. This viewpoint is also corrobo-
rated by some studies from different coun-
tries, which argue that local context leads to
an improved conception of incorporating
STEAM education in mathematics class-
rooms (El Bedewy et al., 2021; Kim & Chae,
2016; Sumarni et al., 2022). For instance, the
relevance of local context to students’ lives
can contribute to students’ learning (Holmes
et al., 2021; Morris et al., 2021; Sevian et al.,
2018). In line with the previous notion, au-
thentic tasks were suggested by two studies
as opportunities to introduce real-world
problems from various fields in genuine situ-
ations (Quigley et al. 2019, 2017; Spyropou-
lou et al. 2020). Hence, the first and second
principles proposed are local context and
authentic tasks.

The integration of hybrid learning and
STEAM education within this study aims to
achieve the pivotal goal of introducing
adaptable learning in mathematics class-
rooms. This notion leads to a range of di-
verse resources, which go beyond an adept
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understanding of the four core disciplines in
STEAM education. Thus, the third principle
is STEAM discipline integration. The inte-
gration of disciplines refers to the strategies
that teachers employ in STEAM subjects,
along with the extent to which these disci-
plines are seamlessly intertwined (Quigley et
al., 2019, 2020, 2017; Spyropoulou et al.,
2020).

In the pursuit of enhancing hybrid learn-
ing experiences for STEAM lessons empha-
sizing the engineering design process in
mathematics classrooms, it is crucial to make
sure teachers develop the instructional har-
mony of lesson plan components. According
to Moore (2015), in developing lesson plans,
it is essential for teachers to ensure the learn-
ing components, involving topic, goals, and
objectives; content outline; learning activi-
ties, resources, and materials; and evaluation,
in particular, to establish a well-structured
unit plan (Moore, 2015; Rusznyak & Walton
2011). This notion was captured in the fourth
principle: instructional harmony.

Through offering activities enriched
with digital technologies, teachers can en-
courage active student participation in the
learning process. Additionally, it is crucial to
take into account the consideration of acces-
sible and beneficial resources for students’
use (Bush & Cook, 2019). Hence, this was
expressed in the fifth design principle, which
is digital technologies. In this situation, the
hybrid learning methods incorporate remote
and face-to-face participation in synchronous
learning. Therefore, it is essential to employ
the hybrid learning emerging models devel-
oped by Staker (2011) that adapt learning
methodologies encompassing the utilization
of digitalization in both offline and online
activities, as well as acknowledging the geo-
graphical location of students for both in-
person and remote involvement. Hence, the
corresponding sixth principle is learning

strategies of hybrid learning emerging mod-
els.

Within the context of learning theory,
specifically the theory of didactical situations
and didactical contracts, the significance lies
in manifestations of scaffolding for students’
learning. Hence, it becomes crucial to incor-
porate the utilization of preceding and fol-
lowing learning activities with the primary
goal of enhancing students’ preparedness.
Preliminary activities serve the aim of intro-
ducing problems that will be explored during
the main learning activities, while post-
lesson activities encourage learning reflec-
tion and assessment. These activities can be
carried out online through digital technology
assistance or in-person through interactive
discussion with students as additional activi-
ties which are not compulsory. Furthermore,
teachers should also formulate guiding ques-
tions presented in the learning process, de-
signed to guide students in navigating ideal
solutions for the STEAM challenges they
encounter. In doing so, guiding questions can
be beneficial to encourage students’ in-
volvement in actively participating in prob-
lem-solving activities in the lessons (Hynes,
2012; King, 1992; National Research Coun-
cil, 2012; Vasquez et al., 2013). This notion
was captured in the seventh and eighth de-
sign principles: additional activities with pre-
and post-lesson activities and guiding ques-
tions.

Moreover, the engineering design pro-
cess (EDP) can be used as a catalyst for more
interconnected STEM education (English,
2016). This idea is also supported by
Brakoniecki et al. (2016), who stated that
EDP provides opportunities for students to
explore authentic problem-solving activities
where they can apply their understanding of
mathematics content. Moreover, EDP is ben-
eficial in STEAM education as it can involve
students in complex and rich cultural practic-
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es (Simarro & Couso, 2021). EDP allows
students to conduct prototyping in problem-
solving activities (English & King, 2015;
Jolly, 2017; Li et al., 2019), which is also
applicable in STEAM activities as part of
designing solutions to real-world problems
presented in STEAM lessons. Significantly,
it can be found that the arts are closely relat-
ed to engineering, focusing on problem-
solving and finding visual solutions through
design process activities (Bequette & Be-
quette, 2012). This notion implies that with
EDP teachers can embed the development of
students’ design thinking not only in tech-
nology and engineering practices but also in
mathematics and science practices. For that
reason, one point that we would like to un-
derline through the design principles is that
every student can design and conduct re-
search through EDP not only in science, en-
gineering, and technology but also in math-
ematics learning. Through the lesson, stu-
dents are encouraged to employ open-ended
strategies for devising solutions, with the
intention of nurturing evaluative and innova-
tive cognition through problem-solving ac-
tivities within the context of the engineering
design process (Han & Shim, 2019; Jolly,
2017; National Research Council, 2012; Par-
ker et al., 2017). Therefore, the ninth design
principle expresses the main characteristics
of EDP, including designing, evaluating, and
redesigning.

To offer valuable learning opportunities
to students, teachers must emphasize pro-
moting teamwork and facilitate discussion
among colleagues. Teachers’ collaboration
plays a significant role in the implementation
of interdisciplinary approaches, including
STEAM education (Bush & Cook, 2019;
Liao, 2019). In relation to STEAM learning,
the primary role of a teacher is guiding stu-
dents in collaborative discussions with a
primary focus on design activities under

teachers’ supervision (Quigley et al., 2017,
Singh, 2021; Spyropoulou et al., 2020). This
situation holds a significant factor in discov-
ery. Nevertheless, during the phase of explo-
ration, it remains essential to ensure students
also have opportunities to work independent-
ly. Therefore, we captured the idea of col-
laborative work as the tenth design principle.
Next Generation Science Standard,
Common Core State Standards for Mathe-
matics, and English Language Arts together
urge a variety of assessment tools that focus
on formative, diagnostic, and summative
assessments (Furtak, 2017; Vasquez et al.,
2013). In this study context, assessment tools
that can be utilized in STEAM assessments
are checklists, rubrics, classroom tests, maps,
self-assessments, peer assessments, graphics
organizers, concept maps, portfolios, and
others that can be used for formative, diag-
nostic, and summative purposes (Vasquez et
al., 2013). Moreover, Vasquez et al. (2013)
suggested the utilization of self-assessment
in STEAM transdisciplinary learning. Hence,
the importance of ensuring evaluation which
is aligned with learning objectives, including
incorporating self-assessment as well as
knowledge and skills evaluation within
STEAM disciplines, was formulated as the
eleventh principle of STEAM assessments.
As the basis of the constructivist learn-
ing notion is to encourage students’ active
involvement in learning, teachers play a cru-
cial part in motivating students to be active
as autonomous learners in building their
knowledge (Cobb, 1988). For instance, mod-
els and questions can be posed as scaffolding
for students in problem-solving activities as
temporary support (van de Pol et al., 2010).
As a result, scaffolding plays a pivotal role in
classrooms, particularly in ensuring students’
active participation in STEAM teaching and
learning methods. This notion was captured
by the twelfth design principle: predictions
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of students’ responses to provide appropriate
scaffolding for students during the learning
process. Teachers should take into account
the act of predicting how students might re-
spond in order to provide relevant feedback.
Furthermore, teachers should prepare predic-
tive students’ reactions encompassing ques-
tions, problems, or other predicted students’
answers along with their anticipatory re-
sponses (Simon, 1995; Webb, 2006). This
approach equips teachers to empower stu-
dents through appropriate feedback while
students are actively involved in learning
(Perry & Lewis, 2009).

Finally, the last principle relates to the
enduring  long-term  understanding  of
STEAM disciplines. Teachers aspire to es-
tablish an enduring comprehension of
STEAM fields, fostering a continuous assim-
ilation of the foundational STEAM concepts
within students’ cognition. This notion in-
volves nurturing a sustained awareness of
science, technology, engineering, the arts,
and mathematics, ensuring that students are
able to employ these skills beyond class-
rooms. We refer to the suggestions provided
by Vasquez et al. (2013) and Jackson et al.
(2021), who encourage the importance of
introducing a long-term understanding of
STEAM disciplines in classroom implemen-
tations.

2. Methods

This study was under the umbrella of a
design research project aimed at developing
pedagogical guidelines for teachers. Within
the design research project, the main investi-
gation was surrounding how the guidelines
can support teachers in developing STEAM
lessons. McKenney and Reeves (2019)
demonstrated that the use of educational de-
sign research is particularly valuable to con-
tribute to knowledge when there is a lack of
existing knowledge, which often occurs in

curriculum innovation for quality improve-
ment. According to Van den Akker et al.
(2006), the nature of educational design re-
search is an interventionist, iterative, and
practical orientation. Through the iterative
cycles, we expected to capture comprehen-
sive and meaningful phenomena in the prac-
tical context of design implementation rather
than focus on individual variables.

In order to improve the quality of the
proposed design principles, our investigation
has been continued by incorporating a panel
of teacher experts. The activities are in line
with Nieveen (1999), who suggested the im-
portance of other teachers’ and experts’ con-
sideration of the materials, especially in
terms of perceived usability. Therefore, we
employed teacher experts to gather their
points of view and recommendations on the
design principles. Junger et al. (2017) re-
vealed that the significance of employing
experts is to ensure reliable recommenda-
tions.

In this study, we conducted two screen-
ing stages to choose teacher experts as par-
ticipants. Palmer et al. (2005) demonstrated
how to identify teacher expertise to assist
researchers in decision-making for choosing
experts. The first stage was based on teach-
ers’ experience and their educational back-
ground. In the first stage, we tried to contact
teachers by sending information about our
research and asking for their background
information, including their consent. In the
first screening, teachers should have a mini-
mum of three to five years of experience in
teaching mathematics, science, and technol-
ogy content areas, with a particular popula-
tion of students.

Moreover, we reflected teachers’ educa-
tional backgrounds with aligned certification
and degree programs that match their taught
subjects. Afterwards, we invited them to in-
dicate their performance recognition by their
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headmaster or head teachers’ communities
and fellow teachers. The performance recog-
nition should be confirmed with a letter of
recommendation as evidence, along with
documentation on their impact on students’
learning. For instance, a teacher expert
should submit a recommendation from his
headmaster and his colleagues who were
well-acquieted ~ with  their  teaching
knowledge and skills along with the proof of
students’ performance. Finally, a total of 80
teachers participated in this study, falling to
three groups of twenty-three, twenty-seven,
and thirty teachers each. The variability in

participation was due to the limited availabil-
ity of the panel of experts. We summarized
the demographic profile of the teacher ex-
perts in Table 1.

Table 1 indicates that female partici-
pants were dominant, and most teachers had
more than ten years of experience. The ma-
jority of teachers were experienced teachers
aged around 36-45 years. Nevertheless,
based on educational background, only 33
teachers possessed a master’s degree, while
47 teachers completed their undergraduate
degree education.

Table 1. Demographic profile of the teacher experts

Categories Numbers
Gender Female 53
Male 27
Age 25-35 years old 15
36-45 years old 43
46-55 years old 20
> 55 years old 2
School level Elementary School 20
Junior High School 35
Senior High School 25
Educational background Bachelor 47
Master 33
Working experiences 3-5 years 1
5-10 years 9
11-15 years 33
16-20 years 25
> 20 years 19
Total Respondents 80
First Stage Second Stage Third Stage

Screening of teacher experts and

constitution of the panel experts.

Contacting the first panel experts and

conducting the first round.

Analyzing and reviewing the experts’

recommendation the first round
evaluation results

Contacting the second panel experts
and conducting the second round
Analyzing and reviewing the experts'
recommendation the first round
evaluation results.

Contacting the third panel experts and
conducting the third round

Analyzing and reviewing the experts’
recommendation the thirdround
evaluation results

Proposing main dimensions based on
teacher experts recommendations

Figure 1. Research process involving collection of data

We conducted three successive main ac-
tivities in three rounds over the course of the
data collection process following the Delphi
method. We considered conducting at least
two rounds and reflecting on the rounds to

ensure the appropriateness of the activities as
well as how to finish the rounds. As suggest-
ed by Hasson et al. (2000), knowing to stop
is essential while conducting a Delphi meth-
od, which is usually conducted in either two
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or three rounds. We present our activities in
Figure 1.

We held synchronous (two meetings)
and asynchronous (a week of individual
work) activities in every round. The syn-
chronous activities were conducted utilizing
an online conference system, separated by a
week of asynchronous activities. In the first
synchronous meeting, we discussed the en-
tire process of evaluation, introduced the
study’s primary objective, and made sure
that the teacher experts understood the eval-
uation process.

We utilized an online questionnaire sur-
vey for evaluation, consisting of a Likert

scale evaluation for the design principles and
an open-ended question for eliciting the
teacher experts’ recommendations. In the
asynchronous activities, we administered a
survey consisting of an evaluation and an
open-ended question to obtain the teacher
experts’ recommendations on the design
principles. The asynchronous activities fo-
cused on individual works on the evaluation
of the proposed design principles, which
were conducted between two synchronous
activities. We asked the teacher experts to
provide recommendations on the 13 princi-
ples and conducted a focus group discussion
in the second synchronous meeting.

Table 2. Description of the Scoring Criteria for the Design Principles

Scale

5 (Excellent)

Description

All elements on the item are present, appropriate, and accurate. The design principles
can be implemented by teachers as written.

4 (Good)

Most of the elements on the item are present, appropriate, and accurate. The design

principles can be implemented by teachers with a few modifications.

3 (Average)

Approximately half of the items’ elements are present, appropriate, and accurate.

Teachers can implement the design principles with a few modifications.

2 (Poor)

Few of the elements on the item are present, appropriate, and accurate. Teachers can

implement the design principles by rewriting the sentences.

1 (Unacceptable)

Key elements on the item are not present, and the descriptions are inappropriate, incom-

plete, and inaccurate. The design principles lack coherence and cannot be implemented

by teachers.

The panel experts worked on the online
evaluation form to assess the degree of ade-
quacy of the design principles using a 5-
point Likert scale (1 = unacceptable, 2 =
poor, 3 = average, 4 = good, 5 = excellent).
The scoring criteria for the design heuristics
are presented in Table 2. As for the open-
ended question, we asked the teacher experts
to provide their recommendations.

The data analysis focused on qualitative
data analysis to investigate the teacher ex-
perts’ agreement on the quality of the design
principles. The first analysis was conducted
on the consensus levels between rounds. We
adopted the criteria of the consensus defini-

tion by Mengual-Andrés et al. (2016), as
indicated in Table 3. The second analysis
was conducted descriptively and qualitative-
ly on the teacher experts’ recommendations
on the online form.

3. Results and Discussion

In the subsequent section, we organize
findings based on the data analysis with
presentation of the teacher experts’ evalua-
tion of the design principles. The first result
focuses on the teacher experts’ consensus
and agreement in assessing the quality of the
design principles.
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Table 3. Criteria Underlying the Consensus Definition (Mengual-Andrés et al., 2016)
Parameters (Me = Median; IQR = Interquartile Range)

Consensus

Agreement (A)
Disagreement (A)
Neutrality (N)

Me >4, IQR< 1.5
Me<4,IQR<15
Me >4, IQR<15

Categories ROUND 1 (N = 23)

Me IQR SD Me

Principle 1 (P 1) 5 0 034 5
Principle 2 (P 2) 5 0 034 5
Principle 3 (P 3) 5 0 034 5
Principle 4 (P 4) 5 0 029 5
Principle 5 (P 5) 5 0 034 5
Principle 6 (P 6) 5 1 056 5
Principle 7 (P 7) 5 0 034 5
Principle 8 (P 8) 5 0 039 5
Principle 9 (P 9) 5 0 034 5
Principle 10 (P 10) 5 0 021 5
Principle 11 (P 11) 5 0 039 5
Principle 12 (P 12) 5 0 039 5
Principle 13 (P 13) 5 0 049 5

Table 4. Contingency Table in Correspondence with the Data Analysis from the Delphi Rounds
ROUND 2 (N =27)

ROUND 3 (N = 30) Consensus
SD Me IOR SD
0 0.67 5 0 041 Ad
1 062 5 0 035 Ad
0 059 5 0 038 Ad
1 064 5 0 041 AS
1 048 5 0 0.47 A3
1 062 5 1 045 A3
0 042 5 0 0.47 A3
1 062 5 1 0.47 A3
1 062 5 0 038 Ad
0 048 5 0 038 Ad
1 045 5 0 043 AS
1 064 5 1 047 AS
1 064 5 0 045 A®

Me: Median; IQR: Relative interquartile range; A3: Accepted in three rounds

The subsequent finding concerns the
teacher experts’ recommendations. We dis-
cuss and reflect on relevant literature to build
upon contributions on the study implications
and future explorations by proposing main
dimensions.

According to the results presented in
Table 4, the evaluation of the panel of teach-
er experts has satisfactory levels of proximi-
ty and stability. The results showed the me-
dian (Me > 4) and relative interquartile range
(IQR < 1.5) from three rounds of the Delphi
study (Mengual-Andrées et al., 2016). The
finding revealed that in the three rounds of
evaluation of teacher experts’, the quality of

the proposed design principles reached a
satisfactory level to aid teachers in the de-
velopment of STEAM lesson plans.

Furthermore, we analyzed coefficient of
variance (CV) differences between rounds to
ensure the stability of the teacher experts’
evaluation. Based on the data analysis, as
presented in Figure 2, the CV differences
between rounds for all principles were below
0.1. Therefore, it can be concluded from the
small values of CV that there was stability in
the teacher experts’ responses in each round,
and consensus was reached, as suggested by
Kalaian and Kasim (2012).
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Figure 2. CV differences between rounds

The teacher experts’ positive feedback
on the proposed, designed principles re-
vealed that the use of pedagogical support
has a significant role in supporting teachers
in conducting educational innovations. The
importance of pedagogical guidelines in edu-
cational innovation corroborates two previ-
ous studies conducted by Janssen et al.
(2009) and Schallert et al. (2022). These
studies revealed the positive impact of peda-
gogical support on teachers’ lesson-planning
activities. The recommendations from the
panel of experts shed light on the importance
of pedagogical guidelines for assisting teach-
ers in developing STEAM lessons.

Moreover, the descriptive analysis of the
teacher experts’ recommendations revealed
several themes, including the trends of sug-
gestions provided by the panel of experts.
These themes were employed as opportuni-
ties to contribute to future research, which
can be beneficial in supporting future explo-
rations to empower the implementation of
STEAM education in Indonesia. Figure 3
presents the trends and descriptions of each
theme based on teacher experts’ suggestions.

Based on the teacher experts’ feedback,
as summarized in Figure 3, we identified
significant recommendations for the future
explorations and implementation of STEAM

education in Indonesia. The panel experts
articulated their recommendations under six
prominent themes, namely technology usage,
assessment, technical matters, contextual
problems, integrated STEAM learning, and
classroom implementation.  Additionally,
with respect to the main objective of this
study, which was to investigate the quality of
the design principles through teacher ex-
perts’ recommendations, we discussed our
findings and their connections to recent liter-
ature to ensure the implications of our study
for the field. The following section entails a
comprehensive explanation of the findings,
followed by a discussion.

As illustrated in Figure 3, according to
the teacher experts, future explorations relat-
ed to classroom implementation hold a sig-
nificant aspect, enhancing a deeper under-
standing of the subject matter and making
learning more practical in the overall educa-
tional experience. By investigating students’
activities during classroom implementation,
teachers and researchers might endure the
long-term learning impact of their teaching
methods. In the Indonesian context, we have
many opportunities to work on technology-
enhanced learning activities. The result is in
line with our previous exploration, which
revealed the limitation of technology-
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enhanced learning activities in Indonesian
STEM/STEAM education implementation
(Laksmiwati et al., 2023). The findings shed
light on the opportunity to also support gov-

Distributions Themes

Technologies Usage
12

technologies and the related design principles.

Assessment

O ¢

Technical matters
0

other technical matters.

o

Contextual problems

0 Teachers' suggestions regarding contextual problems,
including the principles of authentic task and local

context.
Integrated STEAM learning

Teachers' recommendations involving the main
concepts of STEAM integration.

Classroom implementations

learning activities.

Round 1 - Round 2

COC

Round 3

Teacher recommendations related to the utilization of

Teachers' recommendations in regard to evaluation

Teachers' recommendations related to readability and

Teachers' feedback on the essential of exemplary

ernment endeavour in enhancing the use of
digital technologies in Indonesia (Zamjani et
al., 2020).

Example of teacher experts’' recommendations

Learning strategies are adjusted to the availability of IT devices
owned by students. If it is not possible to carry out online learning,
then offline learning must be maximized.

(Teacher S-Round 2)

The principles relating to assessment can be explained in more
detail by what is meant by various types of assessment, whether
in terms of it form, t strategy or type of
assessment. (Teacher L-Round 2)

The aims and objectives can be understood. However, it is better to
write one meaning marked with a period, not using commas or
semicolons so that the reader has to take the time to read the whole
thing at one time. Strengthening words/words with bold or different
colors might make it more interesting. (Teacher P, Round 3)

In practice, teachers sometimes have difficulty finding local contexts
that can be raised as STEAM topics. | think this might happen
because a school community has not yet formed a STEAM community
that can collaborate with each other on topics that can be developed
in STEAM learning. (Teacher N, Round 1)

In my opinion, perhaps there are still many educators who need
training to understand the STEAM concept itself. For example, | am
referring to my sub-district area, no one is familiar with the term
STEM/STEAM (Teacher K, Round 2)

..providing examples of the projects
(Teacher A, Round 2)

Figure 3. Distribution of Teacher Experts’ Recommendations Along with Examples

The subsequent finding, based on the
teacher experts’ suggestions, is that contex-
tual problems related to local context and
authentic tasks are still challenging. There-
fore, this finding revealed the need for fur-
ther explorations of this topic, which could
provide a positive contribution to STEAM
education. The notion for further explora-
tions corroborates two studies by Holmes et
al. (2021) and Morris et al. (2021), which
revealed the importance of local culture or
context closer to students’ lives in the
STEAM implementation. Moreover, by uti-
lizing local cultural context in STEAM edu-
cation, students may have opportunities to

explore something relevant to themselves.
For instance, Indonesian culture could pro-
vide a prospective context for students. The
idea is in line with Ladson-Billing (1995),
who suggested the importance of integrating
students’ cultural background and identity
into teaching and learning activities through
culturally relevant pedagogy. Consequently,
future explorations, which opt to provide
examples of utilizing local cultural context
and problems that are relevant to students’
cultural background, need to be considered.
Subsequently, the teacher experts re-
vealed that the holistic understanding of
STEAM education is still a common prob-
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lem faced by teachers, especially from the
perspective of integration. The panel of ex-
perts highlighted the essential role of exam-
ples of STEAM lessons to illustrate class-
room implementation. Therefore, prospective
explorations of multidisciplinary, interdisci-
plinary, and transdisciplinary STEAM ap-
proaches (English, 2016; Vasquez et al.,
2013; Ladson-Billings., 1995) can be seen as
necessary for future studies.

In summary, the discussion, as men-
tioned earlier, unfolds a series of opportuni-
ties for future studies that can be key do-
mains that need to be emphasized in the im-
plementation of STEAM education. The
results of this study revealed the need for
pedagogical guidelines, especially in the are-
as of technology usage, assessment, contex-
tual problems, integrated STEAM learning,
and classroom implementation. Moreover,
pedagogical guidelines to assist teachers in
working through educational innovations,
including STEAM education, also need to be
taken into consideration in future studies.
Thus, the development of pedagogical guide-
lines might be an initiative to support the
implementation of STEAM education in ed-
ucational settings.

The main objective of this study was to
explore and investigate the main dimensions
of the proposed design principles in support-
ing teachers to implement STEAM education
in educational settings. We examined Indo-
nesian teacher experts’ perspectives and
gathered their recommendations, ultimately
raising the essential need for the develop-
ment of pedagogical guidelines for assisting
teachers in developing STEAM lessons that
are relevant for their students. Therefore, the
study emphasizes the significance of the
teacher experts’ recommendations in guiding
future research endeavors, practitioner initia-
tives, and curriculum development.

Furthermore, the study presented in this
manuscript had a twofold objective: to de-
velop design principles for supporting teach-
ers’ lesson planning activities. First, the de-
velopment of design principles might have a
practical contribution to empowering teach-
ers” lesson planning skills, especially in
promoting teachers’ preparation in develop-
ing lesson plans within STEAM learning
environments. Second, the teacher experts’
recommendations encourage researchers and
practitioners, as well as curriculum develop-
ers, to consider several main dimensions that
could contribute to the directions of future
studies. The conclusion of this study shows
that there is a necessity in future research to
utilize the proposed main dimensions in var-
ious contexts and consider the pedagogical
guidelines in assisting teachers in imple-
menting STEAM. For instance, Indonesia, as
the biggest archipelago, offers a unique op-
portunity for further explorations. In addi-
tion, Indonesia’s diversity provides various
potentials for future research and develop-
ment, especially in terms of cultural rele-
vance in the local context. Therefore, by em-
bracing future directions, we are intrigued
not only by conducting interesting, innova-
tive, and transformative learning but also by
broadening the landscape of STEAM educa-
tion. As our future endeavor, we aim to
broaden the landscape of STEAM education,
especially in Indonesian educational settings,
to encompass comprehensive and diverse
perspectives by exploring various classroom
experiences and collaborating with teachers.
Thus, this study can provide a deeper poten-
tial impact on the field of STEAM education,
which can lead to positive changes in educa-
tional practices.
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