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Abstract. Introduction. In the context of global technological transformation, which is shaping new di-
rections for the development of educational systems, research focused on preparing teaching staff for
the implementation of integrative approaches is particularly relevant. Aim. This research aims to develop
and evaluate a structural model that assesses the readiness of future physics teachers to implement the
STEM approach in their professional practice. Methodology and research methods. The methodological
foundation was a quantitative descriptive approach, employing procedures of Exploratory Factor Analy-
sis (EFA) and Confirmatory Factor Analysis (CFA). The empirical basis of the study comprised the results
of a survey of 408 students from three universities in East Java, Indonesia. Results. It was established
that the overall level of readiness of future physics teachers to implement the STEM approach is 81.67%.
Based on factor analysis, the key components of the integrative model were identified and conceptual-
ised as Engineering, Arts, Religion, and Social components. Scientific novelty. The scientific novelty of this
research lies in the theoretical justification and empirical identification of the core element of future
educators’ professional training, termed “Basic Understanding”, which ensures the integrity and inter-
connection of these components. This facilitated the synthesis and structural representation of the evo-
lution of integrative educational models from STEM to STEAM, STREAM, and, ultimately, to the STEAMS
model proposed by the authors. Practical significance. The practical significance of this study lies in its
potential to modernise the content of curricula, programmes, and pedagogical methods within the pro-
fessional training system for physics teachers and other science disciplines, with the aim of enhancing
their comprehensive readiness to implement interdisciplinary educational strategies.
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AHHomauyus. Beedetue. B KOHTeKCTe I7I00a/IbHOI TEXHOJIOTMYECKOI TpaHChOpMaluy, ONpeAessioleit
HOBbIE BEKTOPBI Pa3BUTKsI 0O0pa30BaTeIbHBIX CUCTEM, OCOOYIO aKTyaJbHOCTb MPUOGPETAIOT MCCIeno-
BaHM, MOCBAILIEHHbIE ITIOATOTOBKE IeaarormyeCkKmnx KaapoB K peanm3aluy MHTErpaTUMBHBIX MMOAXO0O0B.
Llens. JanHast paboTa MMOCBsLIeHa pa3paboTKe U arpobauy CTPYKTYPHO MO TOTOBHOCTM Oy ayIIMX
yunreneit ¢pusuku K npumeHeHuto STEM-nionxona B mpodeccnoHanbHOI esTenbHOCTU. Memodosiozus,
Memoosl u Memoouku. MeTOLOIOTMYEeCKYI0 OCHOBY COCTaBMUJI KOIMYECTBEHHBII OMMCATENIbHBIN METOJ, C
npuMeHeHMeM Tpouenyp skcruiopatopHoro (EFA) u konbupmaropHoro (CFA) daxTopHOoro aHammsa.
dMmMpuUecKkyio 6a3y mcciefoBaHust chopMUPOBAIM pe3yIbTaThl aHKeTUPOBaHuUsT 408 CTYIeHTOB Tpex
yHuBepcuTeToB Bocrounoit SIBbl (MHmoHesus). Pe3ysismamet. YCTaHOBJIEHO, UTO OGIINUIA YPOBEHb TO-
TOBHOCTM Oymymmx yumreneit pusmku K peanmnsanyuu STEM-nopxona cocrasisier 81,67 %. Ha ocHOBe
(akTopHOro aHaMM3a 6bUTM UAEHTU(DULIMPOBAHDI ¥ KOHIEITYaIM3MPOBaHbI KJIIOUEBbIe COCTABJISIIONIVE
MHTErpaTMBHOM Monenu: uixkeHepHas (Engineering), xynoskecrBeHHast (Arts), penurnossas (Religion)
u coumanbHas (Social) KOMIOHeHTbI. HayuHas HOBU3HA VCCIIEOBAHYS 3aK/II0YAETCSI B TEOPETUUEeCKOM
060CHOBAaHMY U IMITMPUUECKOM BbIAETEHUM CUCTEMOOOPA3YIOIIEro jieMeHTa podeccroHaIbHO MO/ -
TOTOBKM Oymymmx remaroroB «basoBoe moHumanue» (Basic Understanding), koropslit ob6ecrieunBaeT
LIeJIOCTHOCTD ¥ B3aMMOCBSI3b YKa3aHHBIX KOMIIOHEHTOB. JTO IIO3BOJIMJIO CUHTE3MPOBAaTh U CTPYKTYPHO
[IPeICTAaBATh IBOJIOLVIO MHTErPaTUBHBIX 06pasoBarebHbIx Momeseir or STEM k STEAM, STREAM u,
B KOHEUHOM WUTOTE, K MpeJIoskeHHoit aBTopamu momenu STEAMS. ITpakmuueckas 3Hauumocms paboThbl
orpeienseTcsl BO3MOXKHOCTBIO TPUMEHEHMsI ee Pe3y/IbTaToB JIIsl MOJePHU3ALMY COeP KaHus yueOHbIX
IJIAHOB, IIPOTPAMM M MeJarOTMYeCcKUX METOAVK B CHCTeMe MPodeCcCHOHATbHON TOATOTOBKY YUMUTeIei
bU3UKY U JPYIUX €CTeCTBEHHOHAYYHBIX OVICIMIUIMH C 11eTbi0 DOPMUPOBAHMS X KOMILIEKCHO TOTOB-
HOCTY K peanu3alyy MeXXIVCLIUIUIMHAPHBIX 00pa30BaTeIbHbIX CTPATEr .

Knrouessle cnosa: neparornyeckoe o6pa3oBaHiie, oAroToBka yunteneit dpusmuku, STEM-o6pasoBaHue,
STEAM, STREAM, nHTerpaTuBHasi MOZeJb, GaKTOPHbIV aHAIN3, TPOdeCcCHOHATbHASI TOTOBHOCTh

Bnazodapnocmu. [laHHOoe ucciienoBaHye 66110 MpoGMHAHCUPOBAHO MHCTUTYTOM MCCIeNOBaHUI U 06-
IeCTBeHHbIX YCIyT ocymapcrBeHHoro yuuBepceutera Cypabast (B/82185/UN38.111.1/LK.04.00/2025).
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Introduction

The transformation of education from the 4.0 to 5.0 era requires a more inte-
grated and contextual approach to the learning process. This aims to improve the
quality of education through the SDGs 4 programme [1, 2]. According to N. C. Bur-
bules, G. Fan, P. Repp [3] and S. Adipat, K. Laksana, K. Busayanon et al. [4], quality
education can be achieved through scientific and technology-based approaches to
the learning process. Through this statement, it is hoped that using a scientific and
technology-based approaches will result in quality education for human resource
development.

Through science- and technology-based, it is hoped that students will be able
to think scientifically and logically. This view is supported by Muthmainnah, P. M.
I. Seraj, I. Oteir [5] and I. A. Rizki, N. Suprapto [6], who identified the important role
of science and technology in developing students’ scientific and logical thinking.
Students, who have the scientific and logical abilities to solve contextual problems,
think critically and creatively [7, 8]. Consequently, teachers must be competent in
delivering this approach [9, 10]. Achieving this competency necessitates practical
fieldwork in implementing science and technology-based learning.

In fact, there are still few implementations of learning using scientific and
technology-based approaches. This view is corroborated by studies which show
that the use of science and technology-based learning practices in Indonesia is still
minimal [11-13]. This fact shows that teachers still have a minimal understanding
of scientific and technology-based approaches in teaching practice. According to S.
Baroudi and M. R. Helder [14], if teachers have minimal experience in using science
and technology, then the standardisation of quality education that prioritises sci-
ence and technology will lag behind. Therefore, there needs to be a dedication to
teachers, especially prospective teachers, to provide an understanding of scientific
and technology-based approaches in learning [15, 16].

Prospective teachers must understand scientific and technology-based ap-
proaches to future learning. The scientific approach plays an important role in
learning that aims to shape scientific attitudes and reinforce facts [17]. The tech-
nology-based approach is used to complement science learning so that students can
understand scientific visualisation [18, 19]. Therefore, there needs to be a strate-
gy for scientific and technology-based approaches through prospective teachers so
that the future target of education is quality education.

The scientific and technology-based approaches referred to is the STEM (sci-
ence, technology, engineering, mathematics) approach. This approach has been
proven effective in improving students’ conceptual understanding in the context
of improving the quality of education [20-23]. In this changing era, the approach
is not only limited to science and technology, but also includes elements of art,
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religion, and social studies. This development requires the addition of approaches
in learning, namely STEM, STEAM, STREAM, and STEAMS with the addition of the
elements A (Arts), R (Religion), and S (Social) [24, 25].

The development of this approach requires a deep understanding of both the
desert and prospective teachers. It is necessary to observe prospective teachers’ un-
derstanding of the STEM, STEAM, STREAM, and STEAMS approaches as a learning
strategy [26-28]. According to H. O. Khadri [29] and T. P. L. Nguyen, T. H. Nguyen,
T. K. Tran [30], providing prospective teachers with an understanding of the STEM
approach is necessary because prospective teachers must teach in accordance with
current approaches and developments. To begin understanding this approach, it is
necessary to have the perspective of prospective teachers in responding to the un-
derstanding of STEM, STEAM, STREAM, and STEAMS. Therefore, the research ques-
tions in this study can be described as follows:

RQ1: How prepared are prospective physics teachers to support the implemen-
tation of STEM, STEAM, STREAM, and STEAMS learning?

RQ2: How does the structural model of readiness of prospective physics teach-
ers support the implementation of STEM, STEAM, STREAM, and STEAMS learning?

This study offers a perspective on STEM development by adding elements of
arts, religion, and social studies. The addition of arts, religion, and social studies to
STEM has an impact on education in the modern era [24, 31]. This study is limited
to respondents who are prospective teachers regarding their readiness and basic
understanding of STEM, STEAM, STREAM, and STEAMS in East Java province. This
study aims to describe the preparation and identify factors in the implementation
of STEM, STEAM, STREAM, and STEAMS.

Literature Review

Pedagogical readiness of prospective teachers

Teachers play an important role in improving the quality of education. There-
fore, teachers need to be prepared to face educational challenges in the era of mod-
ernisation. According to C. DeLuca, M. Searle, K. Carbone et al. [32], teachers’ readi-
ness to face challenges is measured through their basic understanding of knowledge
and curriculum. This readiness becomes the foundation for teachers to carry out
learning that is in line with current needs. In this aspect, a basic understanding of
the components of the approach to be used is the foundation for teachers in facing
learning [33, 34]. Therefore, a survey is needed to determine the basic understanding
of prospective teachers regarding several learning approaches to be implemented.

Science, technology, mathematics

The learning approaches required are those based in science, technology, and
mathematics. According to R. Kumar and K. A. Acharya [17], these three approach-
es play an important role in learning because they are interconnected. For further
clarification, Figure 1 illustrates the interconnection between these three modern
learning approaches in line with current needs.

Tom 28, N2 7. 2026 O6pa3oBaHMe U HayKa

108



© Suprapto N., Setiawan B., Damarsha A.B., Nasution N.N.A., Parno P., Putra P.D.A.
Modelling teacher pedagogical readiness for STEAM: a factor analysis

Mathematics

support science in measurement
and help model a phenomenon

It functions as a medium for applying ’/
or testing scientific concepts and can g
support the process of developing

new technologies

Fig. 1. Relationship between scientific, technology-based and mathematical
approaches

Based on Figure 1, science, mathematics, and technology have a reciprocal rela-
tionship. The scientific approach has characteristics related to natural phenomena
around us in a scientific manner. The mathematical approach has characteristics
that assist in measuring natural phenomena that support the scientific approach.
The technology-based approach is a combination of science and mathematics,
which is the result of its products. The definition and scheme of Figure 1 are rein-
forced by the statement of S. Belbase, M. A. Al Mutawah, L. Thomas et al. [31] so that
this can be a basis for the development of this approach.

The development of STEM-STEAM-STREAM-STEAMS

Scientific, technology-based, mathematical approaches continue to evolve
in line with curriculum requirements. In the 4.0 era, scientific, technology-based,
mathematical approaches have the addition of engineering (E) and art (A) elements.
In the 5.0 era, it has the addition of religion/reading (R) and social (S) elements. The
relationship between these approaches can be represented as shown in Figure 2.

Religion/
Reading

STREAM STEAMS

<
STEAM

Fig. 2. Relationships in each approach
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Based on Figure 2, it shows that each approach has a main element, namely
engineering (STEM). Over time, the element of art was added in accordance with the
needs of 4.0, thus becoming STEAM [35]. The addition of the element of art aims
to add creativity skills, which are essential in the 21st century. The addition of the
reading/religion element is tailored to the needs of the society era, which adds val-
ue to literacy and religion [24]. The addition of the reading/religion element can be
referred to as STREAM, which focuses on literacy and religious values. The addition
of the social element is tailored to the society era, which focuses on humanistic or
social activities, so this approach is referred to as STEAMS.

Research hypothesis

This study has a hypothesis based on a literature review that is used as rein-
forcement. Based on research conducted by C. DeLuca, M. Searle, K. Carbone et al.
[32], prospective teachers’ readiness lies in their basic understanding of the ap-
proach to be used. In this context, the approaches used in the study are E, A, R, and
S, which means that prospective teachers need to have a basic understanding of the
elements of the E, A, R, and S approaches. The structural hypothesis of this study
can be illustrated ac chnwn in Fionire 3

Fig. 3. Framework hypothesis

Methods

Research design

This study uses an exploratory design to evaluate the implications of STEM
learning and its development. This study investigates the readiness of prospective
physics teachers in implementing STEM learning and its development. Figure 4
shows the exploratory research design, who adapted the research conducted by N.
Suprapto [36].
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Fig. 4. Research flow chart

This study was conducted in five stages. In the first stage, we identified issues
related to STEM, STEAM, STREAM, and STEAMS. In the second stage, we developed
a questionnaire for prospective student teachers. In the third stage, we distributed
the questionnaire to these prospective student teachers. In the fourth stage, we an-
alysed the responses collected from the questionnaire. In the final stage, we drew
conclusions based on the results obtained.

Data collection and data acquisition procedures

The data collection technique was carried out in collaboration with three uni-
versities in East Java. To clarify the data collection, we provided a flowchart (Fig-
ure 5) of the data collection process adapted from the research by A. S. Adam, H.
Mubarok, and N. Suprapto [37].

The Education and Science Journal Vol. 28, No 7. 2026

m



© Cymnparo H., Cetuasas B., lamapiia A.B., Hacyruon H.H.A. ITapHo II., ITytpa IT.[I.A.
MopenupoBaHye Iefarornyeckoi roroBHocTy yunressi K STEAM: dbakTopHbIi aHanm3

Preparation and licensing of cooperation with the
targeted university partners

v
Instrument development and validation -

v
Data collection at three universities

v
EFA and CFA data analysis

Fig. 5. Research data collection process

The clustered data results were obtained from three universities, namely Malang
State University, Jember University, and Surabaya State University. To clarify the
data collection clustering results, Table 1 explains the number of clusters obtained.

Table 1
Data clustering

University
Malang State University 132
Jember University 161
Surabaya State University 115

Semester
Semester 3 103
Semester 5 137
Semester 7 168

Questionnaire instrument

This study used a questionnaire instrument with Google Forms. The question-
naire questions covered five variables, namely BU (Basic Understanding), STEM,
STEAM, STREAM, and STEAMS. Table 2 clarifies the description of the variables
used.
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Table 2
Description of research variables
Variable Description

Basic Understanding | This variable includes prospective teachers’ understanding of STEM, STEAM,
STREAM, and STEAMS in pedagogical terms.

STEM This variable includes understanding of STEM (Science, Technology, Engineering,
Mathematics) elements.

STEAM This variable includes understanding of STEAM elements (Science, Technology,
Engineering, Art, Mathematics).

STREAM This variable includes an understanding of the STREAM elements (Science,
Technology, Religion, Engineering, Arts, Mathematics).

STEAMS This variable includes understanding of STEAMS elements (Science, Technology,
Engineering, Art, Mathematics, Social).

Each variable has four statements that students answer using a 1-4 Likert scale.
The Likert scale used ranges from strongly disagree to strongly agree. These state-
ments are intended to elicit responses from various perspectives.

Data analysis

Data analysis in this study was conducted using Exploratory Factor Analysis
(EFA) and Confirmatory Factor Analysis (CFA). This was done because the measure-
ment instruments used were new, requiring EFA as an initial test to explore the fac-
tor structure. EFA was used to describe the readiness of prospective teachers, while
CFA was used to describe the structural model of pedagogy. In addition, CFA was
used to test the predetermined model based on the initial hypothesis [38].

Before running EFA, data suitability was tested using Kaiser—-Meyer—Olkin
(KMO) and Bartlett’s Test of Sphericity [36, 39]. A KMO value > 0.50 indicates that
the data is suitable for factor analysis [40]. A statistically significant Bartlett test re-
sult indicates that the data is suitable for factor analysis [38, 40]. Furthermore, Cron-
bach’s alpha (o) coefficient was calculated to measure the reliability of each factor
produced, and CFA was conducted to validate the construct through cross-valida-
tion, with a minimum factor loading of 0.50 [40]. Table 3 explains the CFA statistics
that adapt the research of N. Suprapto and A. Mursyid [38], and A. Khademi, C. S.
Wells, M. E. Oliveri et al. [41].

Table 3
Statistical values as for confirmatory factor analysis

Measures Acceptable fit index Good fit index

P values - <0.05
CMIN/DIF 2.0-3.0 <2

NFI 0.90<GFI<0.95 >0.95
TLI 0.90<TLI<0.95 >0.95
CFI 0.90<CFI<0.95 >0.95
SRMR 0.05<SRMR<0.10 <0.05
RMSEA 0.05<RMSEA<0.10 <0.05

Note. RMSEA: Root Mean Square Error of Approximation; GFI: Goodness of Fit Index; TLI: Tucker-
Lewis Index; S-RMR: Standardised RMR; CFI: Comparative Fit Index
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Results

Readiness of prospective student teachers

Data processing is still in the EFA analysis stage to identify each factor produced.
To respond to prospective teachers, the following shows the data analysis process
from the instrument: a questionnaire for prospective teachers supporting the nation-
al priority programme of STEM, STEAM, STREAM, and STEAMS education. Table 3
shows a Kaiser-Meyer—Olkin (KMO) value of 0.811 and a significant Bartlett’s test
result (x¥*=11658.760, df = 171, p > 0.001) Indicating that the data is suitable for factor
analysis [40]. The eigenvalues of the five factors proposed from the Principal Compo-
nent Analysis (PCA) are all greater than one (Figure 6 and Table 5).

Table 4
KMO and Bartlett’s test results
Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy 0.811
Approx. chi-square 11658.760
Bartlett’s Test of Sphericity df 171
Sig. 0.000
Scree Plot
[
a
4
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[
Z s
[
o0
2
2
1
o
1 23 4 5 8 7 g 9 10 11 12 13 14 15 16 17 18 19
Component Number
Fig. 6. Eigenvalues
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Table 5
Initial eigenvalues
Initial eigenvalue
Component (Factors)
Total % of variance Cumulative, %
1 5.815 30.603 30.603
2 3.801 20.007 50.611
3 3.060 16.107 66.717
4 1.763 9.280 75.997
5 1.079 5.681 81.678

These five factors contribute 81.67% of the total variance. The factor loading
of prospective teachers’ responses supporting the national priority programme of
STEM, STEAM, STREAM, and STEAMS education is intended to measure each factor
between 0.507 and 0.907. Meanwhile, factor loadings of less than 0.400 were exclud-
ed from the analysis [40, 42]. The Cronbach’s alpha values for the five factors are
0.996, 0.981, 0.893, 0.839, 0.715, and the overall Cronbach’s alpha value is 0.829, as
shown in Table 6.

Table 6
Loading factor
Loading factors
Item E A S BU R
a=0.996 o =0.981 a=0.893 o = 0.839 a=0.715
STEM2 0.95
STEM3 0.95 |20.73%
STEM1 0.94 VE
STEM4 0.94
STEAM2 0.99
STEAM4 0.98 |20.08%
STEAM1 0.96 VE
STEAM3 0.94
STEAMS4 0.94
STEAMS2 0.92 |16.14%
STEAMS3 0.86 VE
STEAMS1 0.75
BU3 0.82
BU4 0.81 |14.46%
BU2 0.80 VE
BU1 0.66
STREAM2 0.76
STREAM1 0.72 | 10.26%
VE
STREAM3 0.72
Total variance explained = 81.67% and Overall Cronbach’s alpha = 0.829
Note. E = Engineering, A = Art, S = Social, BU = Basic Understanding, R = Religion
The Education and Science Journal Vol. 28, No 7. 2026
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Based on the EFA analysis, five factors were obtained from the responses of
prospective student teachers. The first factor concerns understanding of engineer-
ing pedagogy (E). The second factor concerns understanding of art pedagogy (A).
The third factor concerns understanding of social pedagogy (S). The fourth factor
concerns basic understanding of pedagogy (BU). The fifth factor concerns under-
standing of religious pedagogy (R). The R factor only has three items, because there
are items with values below 0.50, so these items must be deleted [36, 43]. [tems that
pass the EFA analysis can be analysed further. The results show that the five factors
answer 81.67% of the expected research.

Structural model

For further analysis, we used CFA analysis to determine the structural model of
understanding and pedagogical elements of STEM, STEAM, STREAM, and STEAMS.
We have created structural model to present the results (Figure 7).
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Fig. 7. Structural model

The structural model results show factor loadings in the CFA above 0.50. Ideal-
ly, factor loadings should be above 0.70 [44]. According to K. Nisa’, N. Suprapto, N.
Shofiyah et al. [45], factor loadings above 0.50 are still tolerable, so the convergent
variables of the study can be accepted and continued. For further CFA analysis, rel-
evant results are needed to show goodness of fit or acceptable fit [46, 47]. Table 7
shows the classification for structural indications, including goodness of fit or ac-
ceptable fit.
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Table 7
Statistical CFA
Model fit summary Score Criteria
P values 0.000 Valid and significant
CMIN/DIF 3.884 Good fit
NFI 0.952 Good fit
TLI 0.958 Good fit
CFI 0.964 Good fit
SRMR 0.056 Good fit
RMSEA 0.084 Acceptable fit

Based on the results presented in Table 7, it is evident that the structure created
with CFA data meets the good fit criteria. This means that each variable used is in-
terconnected. Although RMSEA received an acceptable fit score, it is still tolerable,
which provides an answer to the interconnection between variables [41, 48, 49]. In
this context, F1 = BU is shown as the response variable, while F2 =E,F3=A, F4 = R,
and F5 = § are the manipulation variables. This shows that the pedagogical under-
standing of engineering, art, religion, and social studies forms the basis of under-
standing for prospective physics teachers to prepare for STEM, STEAM, STREAM,
and STEAMS learning.

Discussion

Before proceeding with further analysis, it is necessary to determine whether
the trending topics in STEM research remain relevant. Figure 8 presents data related
to trending tonics in STEM and STEAM research.
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Figure 8 demonstrates that research on STEM and STEAM remains relevant.
According to M. D. C. S. Millan and J. P. B. Arango [48], STEM-STEAM research is
relevant because the elements of the approach provide a transformation from 4.0 to
5.0. Learning that employs scientific, technological, and mathematical approaches
can significantly impact the development of the world. Several studies state that
learning outcomes that have integrated scientific, technology-based, mathematical
approaches have had an impact on the transformation of the world [30, 51, 52]. This
poses a challenge for educators to integrate scientific, technology-based, mathe-
matical approaches into learning. Therefore, our study aims to inform the readiness
of prospective teachers in implementing scientific, technology-based, mathemati-
cal approaches.

Readiness of prospective student teachers

To analyse the results in greater depth regarding STEM, STEAM, STREAM, and
STEAMS, it is necessary to discuss relevant pedagogical research topics and trends.
From a pedagogical perspective, Table 5 explains that prospective teachers have
81.67% readiness in implementing STEM, STEAM, STREAM, and STEAMS learn-
ing. This demonstrates that prospective teachers are well prepared to implement
STEM, STEAM, STREAM, and STEAMS approaches [32]. This readiness gives rise
to factors E, A, R, and S, indicating that prospective teachers already have a strong
understanding of its implementation. According to S. O. Rukoya, A. Widodo, and D.
Rochintaniawati [53], as well as P. Wu, K. Yu, and C. Li [54], this readiness is support-
ed by prospective teachers’ understanding of STEM, STEAM, STREAM, and STEAMS
learning. The strengthening of the results is supported by Table 1, which shows that
prospective teachers who responded to the questionnaire were mostly in their sev-
enth and fifth semesters. This means that the understanding and experience gained
by prospective teachers led them to believe in the importance of learning through
the STEM, STEAM, STREAM, and STEAMS approaches [55, 56].

Based on the sample obtained, 408 prospective teachers stated that they were
ready to implement STEM, STEAM, STREAM, and STEAMS in learning. This proof
is based on Table 4 of the KMO requirements and Table 5 of the initial eigenvalues,
where the KMO requirements have been met and the initial eigenvalues percent-
age is above 50%. The KMO value meets the requirements, meaning that the sam-
ple respondents obtained, are highly valid, indicating that 81.67% of prospective
teachers are ready [57, 58]. From this readiness, five factors were found to influence
the readiness of prospective teachers. These five factors form the pedagogical basis
for prospective teachers’ readiness in implementing STEM, STEAM, STREAM, and
STEAMS learning.

Structural model

The five factors obtained as shown in Table 6 consist of factors E, A, R, BU, and
S, which are interrelated. According to W. Park and H. Cho [59] and Z. Lavicza, K.
Fenyvesi, D. Lieban et al. [60], the development of STEM into STEAMS is necessary
to adapt to the current curriculum and learning era. M. R. Bajuri, S. S. Abdul Rahim,
E. H. Mohd Shahali [61], ]. Ortiz-Revilla, A. Addriz-Bravo, I. M. Greca [62], and N.
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Suprapto, B.K. Prahani, T. H. Cheng [63] stated that the development of STEM is in
line with the current era of society, which focuses on art, religion, and social issues.
Through these basic understanding factors, prospective student teachers can pro-
cess learning in accordance with the results relevant to the approach used. From
these five factors, this study hopes to provide information that education in In-
donesia is ready to implement STEM, STEAM, STREAM, and STEAMS approaches.
Through the readiness of prospective teachers in implementing STEM, it is hoped
that the quality of education in Indonesia can be improved [64].

From these factors, a structural pattern of pedagogical understanding needs
to be created. This structure serves to identify the pedagogical understanding pat-
terns of prospective teachers in the implementation of STEM, STEAM, STREAM,
and STEAMS. Figure 7 shows that factors E, A, R, and S are the factors that cause BU.
Understanding the elements of engineering, art, religion, and social becomes the
basis of understanding in conducting learning with the STEM, STEAM, STREAM,
and STEAMS approaches. According to B. S. Hughes, M. W. Corrigan, D. Grove et al.
[65], by understanding the elements of engineering, art, religion, and social, pro-
spective teachers can implement STEM, STEAM, STREAM, and STEAMS learning
as expected. In its implementation, it is necessary to understand the pedagogical
elements of engineering, art, religion, and social studies in STEM learning so that it
is in line with the learning objectives and goals [66, 67].

The basis of STEM, STEAM, STREAM, and STEAMS development

To further elaborate on the results of this study, Figure 6, a thematic diagram
illustrating the evolution from STEM to STEAM, STREAM, and STEAMS, is provided
to enrich the discussion.

Science Technology Science Technology Science Technology Science Technology
Engineering Engineering Art Religion Engineering Art Engineering Art
Mathemathics Mathemathics Mathemathics Mathemathics Social
focus on problem- focusing on creative focus on literacy skills focusing on social and
solving skills, and innovative skills and moral values cultural skills in society

innovation, and
logical thinking

@ @ e @ e ®
STEM STEAM STEAMS

Fig. 9. Evolution thematic diagram
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Figure 9 shows that the development of scientific, technology-based, mathe-
matical approaches is not only found in STEM, but has expanded to STEAMS. The
addition of art, religion, and society elements followed the development of the
times. The shift from STEM to STEAM represents a transition to the skills required
in the 21st century, namely creativity and innovation. The addition of art to STEAM
is expected to be a strategy for enhancing students’ creativity [68, 69]. The addition
of the elements of religion and social is an adjustment to the era of society, which
is expected to improve literacy, moral values, and socialisation skills [24, 70]. This
development is recommended to be followed and its research downstreamed so that
it can be adjusted to the conditions required by the transformation of the world.

Previous studies have only explained the engineering and art elements in STEM
and STEAM learning. This study is unique in that it adds the elements of religion
and social studies. The addition of religion and social studies in this approach is to
adapt to current learning needs [24, 71]. By adding religious and social elements to
science, technology, and mathematics approaches, Indonesian learning can uphold
moral and social values in education [72-74]. By adding religious and social ele-
ments, this study hopes to contribute to the quality of education and support the
SDGs. The inclusion of religious and social elements is an adjustment to an era of
society that prioritises social and cultural aspects as well as moral values. This study
is limited to the perspective of prospective teachers, which means that it has not yet
reached the stage of learning implementation. Further research is recommended to
implement learning using either STREAM or STEAMS.

Conclusion

Based on the research conducted, it can be concluded that prospective teachers
are ready to implement STEM, STEAM, STREAM, and STEAMS learning at a rate of
81.67%. From the 81.67% of responses from prospective teachers, five factors were
identified, namely BU, E, A, R, and S. These factors were then analysed in terms
of pathways, which showed that they were interconnected. This interconnection
forms a basic pedagogical understanding in the implementation of STEM, STEAM,
STREAM, and STEAMS learning. Prospective teachers must understand the peda-
gogical elements of E, A, R, and S in order to have a basic understanding of the
implementation of STEM, STEAM, STREAM, and STEAMS learning. These findings
indicate that prospective teachers are ready to implement STEM, STEAM, STREAM,
and STEAMS learning. This readiness can be achieved when prospective teachers
gain a basic understanding of E, A, R, and R. Our study aims to contribute to learning
by advancing scientific, technological, and mathematical approaches through cur-
riculum transformation, as well as investigating the readiness of prospective teach-
ers in Indonesia to implement the evolving models from STEM to STEAMS. Our
study is limited to prospective teachers’ responses to STEM, STEAM, STREAM, and
STEAMS, and only covers certain universities that were surveyed. Further research
is recommended to expand the application of STEM, STEAM, STREAM, and STEAMS
approaches in Indonesian schools. In addition, further research can use compara-
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tive methods to assess the effectiveness of STEM, STEAM, STREAM, and STEAMS
learning that is relevant to current needs.
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