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~> As science classrooms grow increasingly diverse, understanding how
pre-service science teachers design inclusive learning has become a
critical concern, particularly in the Indonesian context, where teacher
preparation for inclusivity remains underdeveloped. The present study
explores the pedagogical knowledge of 263 Indonesian pre-service sci-
ence teachers using an integrated framework of Technological Pedagog-
ical Content Knowledge, Backward Design, and Universal Design for
Learning. Employing a mixed-methods sequential explanatory design,
we collected quantitative data via surveys and qualitative insights from
interviews with 16 participants. The results show that while participants
report high levels of conceptual knowledge across all three frameworks,
challenges persist in translating that knowledge into practice, especially
in differentiating assessments, setting inclusive learning goals and inte-
grating technology responsively. Teaching experience significantly in-
fluenced knowledge application, whereas gender and prior interaction
with students with special education needs and disabilities did not yield
significant differences. These findings highlight the need for structured,
practice-based coursework and reflection within teacher education pro-
grammes in order to close the gap between inclusive ideals and class-
room realities.
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Raziskava pedagoskega znanja o inkluzivnem
nacrtovanju poucevanja med indonezijskimi bodo¢imi
ucitelji naravoslovja

JAMIL SUPRIHATININGRUM, IVA NANDYA ATIKA, SUMBAJI PUTRANTO IN
NuRruL HIDAYATI ROFIAH

~  Ker so razredi pri pouku naravoslovja vedno bolj raznoliki, je razumeva-
nje, kako bodo¢i ucitelji naravoslovja nacrtujejo inkluzivno poucevanje,
postalo kriti¢cno pomembno, zlasti v indonezijskem kontekstu, v kate-
rem je priprava uciteljev na inkluzijo $e vedno premalo razvita. Ta $tudi-
ja raziskuje pedagosko znanje 263 indonezijskih bodo¢ih uéiteljev nara-
voslovja z uporabo integriranega okvira tehnolosko-pedagoskega znanja
o vsebini, nazaj usmerjenega oblikovanja in univerzalnega na¢rtovanja
za ucenje. Z uporabo zaporednega razlagalnega modela z mesanimi
metodami smo zbrali kvantitativne podatke prek anket in kvalitativne
vpoglede iz intervjujev s 16 udelezenci. Izsledki kazejo, da udelezenci
sicer porocajo o visoki ravni konceptualnega znanja v vseh treh okvirih,
vendar ostajajo izzivi pri prenosu tega znanja v prakso, zlasti pri razli-
kovanju ocenjevanja, postavljanju inkluzivnih u¢nih ciljev in pri odziv-
nem vkljucevanju tehnologije. Izku$nje s poucevanjem so pomembno
vplivale na uporabo znanja, medtem ko spol in predhodna interakcija
z ucenci s posebnimi u¢nimi potrebami in invalidnostjo nista prinesla
pomembnih razlik. Te ugotovitve poudarjajo potrebo po strukturiranih,
na praksi temeljecih $tudijskih programih in refleksiji v okviru progra-
mov izobrazevanja uciteljev, da se zapolni vrzel med inkluzivnimi ideali

in resni¢nostjo v razredu.

Kljucne besede: nazaj usmerjeno oblikovanje, inkluzivno ucenje
naravoslovja, univerzalno naértovanje za ucenje, tehnolosko-
pedagosko znanje o vsebini
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Introduction

Science teachers play a fundamental role in the success of inclusive sci-
ence education; however, they face challenges in addressing diversity and inclu-
sion effectively (Mamlok-Naaman, 2024). In many cases, inclusive education is
reduced to the physical presence of students with special education needs and
disabilities (SEND) in mainstream classrooms, without the necessary pedagog-
ical and accessible support. This understanding tends to overlook the impor-
tance of addressing each student’s unique learning needs (Suprihatiningrum
et al,, 2022). In contrast, authentic inclusive education entails more than just
access; it encompasses equitable opportunities for diverse students, responsive-
ness to individual differences (Ainscow, 2020; Florian & Black-Hawkins, 2011),
a supportive learning environment (Nijakowska, 2022), active participation,
and the cultivation of a genuine sense of belonging within the learning com-
munity (Sanger, 2020).

As the primary agents of inclusive practice, teachers play a crucial role
in guiding each student towards achieving meaningful academic success. This
involves not only setting high expectations for all learners (Rubie-Davies, 2010)
but also providing sustained support to students facing diverse learning chal-
lenges (Eklund et al.,, 2020; Shevchenko et al., 2020). Science teachers need
to believe that all students can learn and progress. This can be realised when
teachers use “particular teaching methods”, “have high expectations for all stu-
dents”, and “create [a] positive student-teacher relationship” (Hattie, 2009, p.
126). These competencies need to be cultivated from the pre-service teacher
preparation programme.

A preliminary review of pre-service curriculum programmes in Indo-
nesia reveals that inclusive learning is addressed in only one course, an elective
entitled Introduction to Education for Children with Special Needs (Ministry of
Education and Culture of Indonesia, 2022). This limited exposure suggests that
pre-service science teachers are often inadequately prepared to teach in inclu-
sive classrooms. In contrast, Wang and Shih (2022) emphasised the key role of
teachers in upholding students’ rights to education, highlighting the necessity
for future educators to be equipped to address diverse learner needs. According-
ly, the structure of pre-service teacher education programmes warrants critical
examination, particularly concerning how curricular design and requirements
can more effectively foster knowledge and competence in inclusive education
(Massouti, 2021). A lack of training in inclusive practices has been identified
as a major barrier for newly qualified teachers (Arnaiz-Sanchez et al., 2023;
Pov et al,, 2024), contributing to the application of inequitable practices within
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schools (Lépez-Torrijo & Mengual-Andrés, 2015; Subban & Mahlo, 2016).

Previous research (AIMahdi & Bukamal, 2019; Braksiek, 2021; Ediyanto
& Kawai, 2023; Ediyanto et al., 2020; Feila et al., 2019; Goddard & Evans, 2018;
Hassanein et al., 2021; Issaka et al., 2022; Keka, 2024; Lautenbach & Heyder,
2019; Nishio et al., 2020; Puliatte et al., 2021; Qandhi & Kurniawati, 2018; Tuncay
& Kizilaslan, 2022) has primarily discussed the attitudes of pre-service teach-
ers towards inclusive education, the efficacy of inclusive education (Damayanti
et al,, 2022), and pre-service teachers’ knowledge and perceptions of inclusive
education (Mazzuki, 2024). There is a limited body of research exploring pre-
service science teachers’ understanding of inclusive learning design. To address
this gap, the present study adopts three guiding frameworks: Technological
Pedagogical and Content Knowledge (TPACK), Backward Design (BD) and
Universal Design for Learning (UDL).

While previous studies have combined TPACK with UDL (Benton-
Borghi, 2015, 2016; McCann, 2015; Suprihatiningrum, 2023) or BD (Mejia &
Sargent, 2023), no research has fully integrated TPACK, BD and UDL to sup-
port inclusive learning design. The present study fills this gap by uniting these
complementary frameworks. TPACK remains a widely used framework across
diverse teacher populations, including pre-service teachers (Cheng, 2018;
Deng et al,, 2017; Jang & Chen, 2010; Scherer et al., 2018; Tondeur et al., 2017;
Yurdakul, 2018), in-service teachers (Chen & Jang, 2019; Hsu et al., 2021; Hsu
& Chen, 2018), online distance teachers (Archambault & Crippen, 2009; Joo et
al., 2018; Obos et al., 2022) and teachers in professional development courses
(Harris & Phillips, 2018; Koh et al., 2017). Its relevance endures, especially in
dynamic cultural, policy and technological settings such as Indonesia, where it
is commonly adopted in teacher education programmes (Koehler et al., 2014).

BD emphasises goal-oriented planning, encouraging teachers to begin
with learning objectives and align assessments and instruction accordingly
(McTighe & Thomas, 2003; Wiggins & McTighe, 2005). This approach fosters
inclusive, student-centred learning that supports diverse needs, reduces stress
and enhances curricular relevance (Childre et al., 2009; Cline et al., 2023; Mal-
donado, 2022). UDL provides a proactive framework for removing learning
barriers by anticipating student variability from the outset, promoting accessi-
bility and flexibility for all learners (CAST, 2018; Levey, 2021). It is grounded in
three core principles: providing multiple means of representation, engagement
and expression (Meyer et al., 2014). These principles encourage teachers to de-
sign curricula that present content in varied formats, motivate learners through
diverse pathways, and allow students to demonstrate understanding in multiple
ways (Rao et al., 2014; Rose et al., 2002). By doing so, UDL not only supports
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learners with disabilities but also enhances equity for all students by recognis-
ing the full spectrum of learning preferences and needs (Meyer et al., 2014).
Integrating these three frameworks offers a comprehensive foundation for pre-
paring pre-service teachers to create inclusive, high-quality science instruction.

In the present study, each framework was mapped to the quantitative
survey instrument and the qualitative interview protocol in order to opera-
tionalise the integration of TPACK, BD and UDL. This integrative lens ena-
bled a comprehensive understanding of pre-service science teachers’ inclusive
design knowledge and provided triangulated insights across the cognitive,
procedural and reflective dimensions of learning design. This integration not
only serves as a framework for data collection and analysis but also as a model
for future teacher education practices aimed at preparing teachers for inclu-
sive classrooms. Therefore, the research will have a significant impact on fu-
ture pre-service teachers. As student diversity increases, pre-service teachers
need provisions that can be used to support and facilitate this diversity. In ad-
dition, teacher training universities can pay attention to curricula suitable for
the needs of educational flux, so that the goals of Education for All and SDG 4
can be realised.

Research Problem

While inclusive education has been widely promoted in policy and
theory, its practical implementation remains limited, particularly in the con-
text of science education in Indonesia. Pre-service science teachers are often
underprepared to apply inclusive pedagogical strategies, and existing teacher
education programmes tend to marginalise inclusive education as an elective
rather than an integral component. The present study addresses a critical gap
in understanding how pre-service science teachers conceptualise and apply in-
clusive learning design, particularly through the integrated use of the TPACK,
BD and UDL frameworks.

Research Questions

The study is guided by the following research questions:

1. What is the level of pre-service science teachers” knowledge of inclusive
learning design based on the TPACK, BD and UDL frameworks?

2. Which aspects of TPACK, BD and UDL do pre-service teachers antici-
pate or experience as most challenging when considering or attempting

to implement inclusive learning?
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3. How does practical teaching experience shape the application of inclu-
sive design principles in classroom practice?

4. To what extent does gender influence pre-service teachers’ understand-
ing of inclusive learning design?

5. To what extent does prior interaction with SEND students influence
pre-service teachers’ understanding of inclusive learning design?

6. How do pre-service teachers’ perceptions of inclusive learning design
align with their reported classroom practices and what factors explain
discrepancies?

Method
Participants

A total of 263 university students agreed to participate in the survey,
all of whom provided their informed consent through an online form. They
were enrolled in pre-service teacher education programmes from eight uni-
versities in Indonesia, selected from both public and private institutions to
ensure geographic and institutional diversity. The universities are UST, UNY,
USD, UAD, UMS, UNNES, UM and UHO. The participants represented a mix
of students from teacher education programmes at the elementary level. The
sample included 71 male students and 192 female students. Of these students, 72
had teaching experience and 8o had interacted with students with SEND. The
participants’ demographics are presented in Table 1.

For the interview, 16 participants were selected using purposive sam-
pling based on their survey responses, teaching experience and willingness to
provide rich narratives. In the study, “teaching experience” refers to the par-
ticipants’ involvement in either microteaching sessions within their university
coursework or short-term practicum/field teaching in schools as part of their
teacher education programme. While some participants had already engaged
in classroom practice through these structured activities, others had not yet
had such opportunities. Consequently, the insights reported in the study may
be drawn either from actual experiences in implementing inclusive practices or

from anticipated challenges based on coursework and training activities.
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Table 1
Participants’ Demographics (N = 263)

Category N %
Male 7 27.00
Gender
Female 192 73.00
No 191 72.62
Teaching experience
Yes 72 27.38
Ever 80 30.42
Interaction with SEND student
Never 183 69.58
State n3 42.97

University type
Private 150 57.03

Data Collection Instruments

The study utilised two primary instruments: a self-report questionnaire
and a semi-structured interview guide.

In order to assess the pre-service science teachers’ knowledge of design-
ing inclusive learning environments, a questionnaire developed by Suprihatin-
ingrum et al. (2024) was used. The instrument consisted of 18 items distributed
across eight dimensions, each corresponding to key constructs from the TPACK,
BD and UDL frameworks. The items were rated on a 5-point Likert scale, cap-
turing the participants’ self-assessed knowledge of inclusive instructional design.
The reliability of the instrument was confirmed through Cronbach’s Alpha, with
all subscales demonstrating strong internal consistency (a > 0.80).

The interview protocol was structured to align with the three theoreti-
cal frameworks, probing how participants conceptualised and enacted inclusive

learning.
Research Design

Mixed methods with a sequential exploratory design were used to ex-
plore the research phenomenon, involving several data sources and establish-
ing the reliability and validity of the findings (Creswell, 2009). The quantitative
phase involved distributing a survey to the participants, while the qualitative
phase consisted of in-depth interviews to elaborate and deepen the under-
standing of the quantitative findings.

7
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Survey Procedures and Demography of the Participants

Before the survey was conducted, the researchers sent letters to 26 uni-
versities registered as Pre-Service Education Programmes (PEP) for science
across Indonesia. Eight universities expressed a willingness to participate in
the survey. The researchers communicated with the head of the PEP and then
sent an information letter, along with ethical clearance and approval letters,
as a gatekeeper. The survey link, distributed via Google Forms, was shared by
the head of the PEP through the participants’ WhatsApp group, and the link

remained open for two months.
Interview Procedures

Semi-structured interviews lasting 60—9o minutes were conducted ei-
ther face-to-face (USD (Novi, Nadia), UNY (Ambar, Ida), UST (Tuti, Dewi),
and UAD (Sari, Kiki)) or via phone calls (UMS (Hera, Manda), UM (Viji, Avia),
UNNES (Ulfa, Laras), and UHO (Ema, Jeni)). All of the participants were fe-
male and have pseudonyms.

Data Analysis

Data from the survey were analysed using descriptive statistics to deter-
mine the level of knowledge, and independent sample t-tests were conducted to
examine differences based on gender, teaching experience and prior interaction
with students with SEND.

The interviews were audio-recorded, transcribed verbatim and analysed
using thematic coding. This method was chosen for its adaptability and its abil-
ity to serve as a methodical framework for detecting, organising and evaluating
thematic patterns within a comprehensive dataset, which makes it particularly
applicable to educational qualitative research (Braun & Clarke, 2006). The cod-
ing process followed an inductive-deductive approach, with initial codes de-
veloped based on theoretical constructs and refined through an iterative read-
ing process. Trustworthiness was enhanced through member checking, survey
and interview data triangulation, and peer debriefing among research team
members.
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Results and Discussion

The findings from the quantitative and qualitative phases are discussed
in relation to the five research questions and the integrated theoretical frame-
work of TPACK, BD and UDL.

RQu: What is the level of pre-service science teachers’ knowledge
of inclusive learning design based on the TPACK, BD and UDL
frameworks?

Descriptive statistical analysis revealed that the pre-service science
teachers surveyed demonstrated a high level of knowledge across all compo-
nents of the integrated framework. The mean scores for all TPACK domains,
including pedagogical (PK), content (CK) and technological knowledge (TK),
as well as their intersections (TCK, PCK, TPK and TPACK), ranged from 3.49
to 3.91 (see Table 2). Inclusive Education Knowledge (IEK), which reflects UDL
principles, also yielded a high mean score (M = 3.75).

Table 2
Descriptive Statistical Analysis

No  Aspects Mean SD Category

1 PK 3.49 0.51  High
2 TK 3.91 0.62  High
3 CK 3.67 0.57  High
4 TCK 3.55 0.63  High
5 PCK 3.76 0.56  High
6 TPK 3.7 0.55 High

7 TPACK 3.63 0.57  High

8 IEK 3.75 0.56  High

Total 3.68 0.47  High

These findings suggest a strong conceptual awareness of inclusive de-
sign that aligns with the expectations of the TPACK (knowledge integration),
BD (design from learning goals) and UDL (multiple means of representation,
engagement and expression) frameworks. Compared with previous research,
the findings show a more positive knowledge baseline than studies conducted
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in Western contexts, where pre-service teachers often report uncertainty in ap-
plying inclusive principles (e.g., Costello and Boyle (2013), Braksiek (2021)).
However, studies by Benton-Borghi (2015, 2016) emphasise that conceptual un-
derstanding (especially of UDL-infused TPACK) is only the foundation and
must be coupled with practice to be impactful.

In the Indonesian context, some studies (Ediyanto et al., 2020; Fitriana-
sari & Budiyanto, 2015; Muzdalifah & Billah, 2017; Putri & Hamdan, 2021) have
revealed that pre-service teachers show moderately positive attitudes towards
inclusive education, but their pedagogical readiness remains limited. In the
present study, nearly all of the pre-service teachers interviewed expressed posi-
tive attitudes towards SEND students. For instance, Ema (interview, 24 Febru-
ary 2024) stated:

In this training programme, I learned a lot about differentiated instruc-
tion. When we created lesson plans, our lecturer asked us to design us-
ing differentiated instruction. [...] Then, I realised that each student has
unique characteristics. We, as prospective teachers, were required to
design learning that accommodates the diversity of students, including
those with disabilities. These children must be given equal education;
we must not discriminate against them. However, it’s hard to realise it.

Our findings extend this by showing that where positive attitudes exist,
they may contribute to greater confidence in self-assessed knowledge, particu-
larly when inclusive values are embedded in teacher preparation. This aligns
with the claim of Sharma et al. (2003) that positive attitudes can enhance mo-
tivation and engagement with inclusive pedagogies, as well as with the find-
ings of Tindall et al. (2015), who note that favourable dispositions support the
uptake of inclusive instructional strategies. Conversely, Muzdalifah and Billah
(2017) highlight the fact that a lack of pedagogical knowledge can hinder enact-
ing even well-intentioned inclusive beliefs.

Thus, the relationship between knowledge and attitude is bidirec-
tional: strong inclusive attitudes can encourage deeper learning of inclu-
sive strategies, while pedagogical training may reinforce and shape attitudes
through exposure to successful inclusive practices. Nevertheless, relying on
self-report surveys means that these high scores may reflect perceived knowl-
edge rather than enacted practice. As highlighted by Scherer et al. (2018)
pedagogical, and content knowledge: Comparing structural equation mod-
eling approaches</title><secondary-title>Computers in Human Behav-
ior</secondary-title></titles><periodical><full-title>Computers in Human
Behavior</full-title></periodical><pages>67-8o</pages><volume>8o</
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volume><dates><year>2018</year></dates><urls></urls><electronic-re-
source-num>10.1016/j.chb.2017.11.003</electronic-resource-num></record></
Cite></EndNote>, TPACK confidence can be inflated in early-career teachers
unless accompanied by field-based experiences. Therefore, while the knowl-
edge levels are promising, they must be viewed as an entry point rather than an
endpoint in developing inclusive pedagogical competence.

This pattern resonates with the findings of Lautenbach and Heyder
(2019), who noted that inclusive attitudes tend to improve when supported
by structured coursework. Similarly, Goddard and Evans (2018) observed that
when inclusive pedagogy is explicitly modelled during teacher education, pre-
service teachers show both greater confidence and competence in its applica-
tion, suggesting that attitudes, knowledge and exposure to practice reinforce
one another.

RQ2: Which aspects of TPACK, BD and UDL do pre-service
teachers anticipate or experience as most challenging when
considering or attempting to implement inclusive learning?

The interview data provided a better understanding of the implementa-
tion barriers. Although many of the pre-service science teachers self-reported
a high level of knowledge in the survey, their interview responses revealed that
several components of TPACK, BD and UDL remained difficult to apply in
practice. Importantly, not all of the participants had engaged in actual class-
room teaching; therefore, some of the challenges described should be inter-
preted as anticipated difficulties based on coursework or microteaching, while
others stem from real experiences in practicum or field teaching. Clarifying this
distinction helps contextualise the findings and prevents overgeneralisation of
the reported barriers.

In the UDL framework, for example, some participants reported dif-
ficulties providing multiple means of expression and engagement. Kiki (inter-
view, 25 February 2024) noted, “We were told to accommodate different learn-
ing needs, but I'm not sure how to let students express their understanding
differently without making the assessment feel unequal”. This highlights a gap
between UDLs principle of flexibility and the participants’ readiness to design
assessments beyond traditional formats.

Within the BD framework, challenges were identified in defining in-
clusive learning goals that align with assessment and instruction. Sari (inter-
view, 21 February 2024) shared that she struggled to define learning goals that
were measurable yet inclusive: “Sometimes we only think about completing the

11
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syllabus without questioning if the objectives are relevant for all students” This
reflects a partial grasp of the backward design model, where end goals should
drive instructional design. Similar issues were observed in other studies, such
as that by Neiles and Arnett (2021), who emphasised that novice teachers often
struggle to identify meaningful learning outcomes that address diverse needs.

On the TPACK side, while technological familiarity was high, the partici-
pants often used devices in non-inclusive ways. For instance, Ambar (interview,
26 February 2024) used digital quizzes regularly but admitted that “some students
were left behind because they couldn't use the devices fluently”. This example
reveals an entry level of engagement with technology, lacking integration with
pedagogy and content to support inclusive practices, which relates to the findings
of Suprihatiningrum (2023) and McCann (2015), who note that without critical
reflection, technological knowledge alone does not ensure inclusive teaching.

The findings of the present study align with those of McGhie-Richmond
and Sung (2013), who observe that pre-service teachers understand UDL in the-
ory but often fail to incorporate its principles meaningfully in practice. Spooner
et al. (2007) similarly reported that pre-service teachers require intensive and
structured training to apply UDL strategies effectively. Furthermore, Marino et
al. (2009) emphasised that unless technology is used with an inclusive lens, it
can widen gaps rather than bridge them. Finally, Ahsan et al. (2011) pointed out
that inadequate curricula and lack of field experience remain systemic obstacles
in teacher preparation for inclusive education.

While the participants in the present study possessed conceptual under-
standing, applying these frameworks in complex classroom settings exposed
gaps in their pedagogical design capabilities. These gaps indicate the need for
more practice-based coursework and modelling within teacher education pro-
grammes, particularly with regard to how inclusive strategies are planned, as-

sessed and adjusted in real time.

RQ3: How does practical teaching experience shape the
application of inclusive design principles in classroom practice?

An independent samples t-test was conducted to compare the mean
scores across eight domains of teacher knowledge between the participants
with teaching experience (“Yes’, N = 71) and those without (“No’, N = 192). The
results revealed statistically significant differences in knowledge scores based
on teaching experience (p < 0.001) (see Table 3). When interpreting these re-
sults, it is essential to clarify that “practical teaching experience” encompasses

a range of exposures, including microteaching sessions, short-term practicums
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and, in some cases, volunteer teaching. These experiences were not always for-
mally structured or accompanied by guided reflection, which may have influ-
enced how the participants articulated their application of inclusive principles.
This contextual nuance is essential for understanding the validity of compari-
sons between those with and without experience.

The interviews confirmed that the participants with classroom experi-
ence articulated more integrated and contextually grounded applications of
inclusive design. For instance, Viji (interview, 4 March 2024) emphasised how
her lesson plans evolved when she observed students with SEND disengaging,
prompting her to diversify content representation (UDL principle 1) and scaf-
fold tasks (TPACK-PCK domain). She tended to reflect more critically on les-
son effectiveness and made real-time pedagogical adjustments, demonstrating
alignment with BD’s reflective and goal-oriented approach.

Table 3
Independent Sample t-test on Teaching Experience

Yes (N=171) No (N =192)

No Aspect Sig.2 tailed
M SD M SD

1 PK 379 0.50 3.63 0.51 0.019 H, is rejected
2 TK 413 0.57 3.93 0.63 0.018 H, is rejected
3 CK 4.02 0.60 3.80 0.56 0.004 H, is rejected
4 TCK 393 059 360 063 0.000 H, is rejected
5 PCK 4,03 0.56 3.82 0.56 0.008 H, is rejected
6 TPK 413 0.51 3.77 0.54 0.000 H, is rejected

7 TPACK 4.01 0.50 372 0.58 0.000 H, is rejected

8 IEK 407 059 381 054 0.001 H, is rejected

Total 402 043 3.76 0.47 0.000 H, is rejected

Other participants reinforced this trend. Manda (interview, 2 March
2024) stated, “At first, I just followed the lesson plan, but then I realised I had
to change how I taught because one student did not understand verbal instruc-
tions well. I added visual aids and asked them to present with drawings”. This
shift shows not only the application of UDL (multiple means of expression and
representation) but also indicates increased sensitivity to learner variability.
Similarly, Hera (interview, 27 February 2024) mentioned how experience in
microteaching classes allowed her to “trial different strategies and notice what
works better for students who learn more slowly”.

13
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These narratives align with Oleson et al. (2018), who argue that hands-
on teaching opportunities are crucial in developing adaptive expertise among
novice teachers, especially in designing for learner variability. Likewise, Baron
(2018) emphasises that ethical and inclusive curriculum design requires ongo-
ing reflection, which is cultivated through real-world teaching. The presence of
teaching experience also seems to sharpen the way participants in the present
study link assessment with instructional goals, which is a fundamental aspect
of Backward Design.

In the present study, the participants with experience also reported more
comfort navigating the intersections of TPACK elements in inclusive settings.
For example, Ambar (interview, 26 February 2024) shared that her use of multi-
media tools improved after seeing how students responded differently to visual
versus auditory materials. This supports findings by Archambault and Crippen
(2009), who note that technological knowledge must be embedded in authentic
practice to be meaningfully applied. This is further supported by Goddard and
Evans (2018), who find that experience working with diverse learners allows
pre-service teachers to adjust their expectations and diversify their teaching
strategies.

Furthermore, Braksiek (2021) emphasised that inclusive teaching cannot
be reduced to fixed methods, but is developed through active experimentation
and reflective dialogue in practice settings. Similarly, Lautenbach and Heyder
(2019) observed that sustained engagement in real classrooms builds teachers’
confidence and responsiveness to student diversity. The findings of Navarro et
al. (2016) also indicate that field-based exposure helps internalise inclusive val-
ues, bridging the gap between abstract frameworks and applied teaching de-
cisions. In addition, a study by Florian and Beaton (2018) highlights the fact
that inclusive pedagogy thrives when teachers engage in iterative design cycles
rooted in actual classroom dynamics.

Therefore, practical experience not only enhances confidence but also
helps translate theoretical understanding into pedagogical action. It is a critical
site where TPACK, BD and UDL frameworks are tested, refined and embodied
in practice.

RQ4: To what extent does gender influence pre-service teachers’
understanding of inclusive learning design?

Quantitative analysis revealed no statistically significant differences (p >
0.001) in knowledge scores based on gender (see Table 4).
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Table 4

Independent Sample t-test on Gender

Male (N=71) Female (N =192)
No Aspect Sig.2 tailed
SD M SD

1 PK 3.78 0.52 3.64 0.49 0.036 H, is rejected
2 TK 412 065 3.94 0.6 0.035 H, is rejected
3 CK 3.94 0.54 3.83 0.58 0.156 H, is accepted
4 TCK 377 0.65 3.66 0.62 0.257 H, is accepted
5  PCK 398 061 3.84 0.55 0.067 H, is accepted
6 TPK 394 057 3.84 0.54 0.216 H, is accepted
7 TPACK 3.88 0.61 3.77 0.55 0194 H, is accepted
8 IEK 395 0.58 3.85 0.56 0.214 H, is accepted

Total 392 049 379 0.45 0.06 H, is accepted

The lack of a consistent gender effect can be interpreted through mul-

tiple lenses. Although some research (e.g., Ozudogru and Ozudogru (2019))

found gender-based differences in confidence or TPACK application, other

studies (e.g., Raman (2014); Roig-Vila et al. (2015)) found no significant vari-

ance. In our study, it is possible that equal access to teacher education resources

minimised gender disparity in pedagogical knowledge. Nevertheless, cultur-

al expectations and implicit biases, which are rarely captured in quantitative

measures, may still influence how inclusive design is perceived and enacted

(Tindall et al., 2015). This suggests that while gender did not statistically shape

inclusive knowledge in this sample, subtle gendered dynamics may still be pre-

sent and warrant further exploration.

RQs: To what extent does prior interaction with SEND students

influence pre-service teachers’ understanding of inclusive

learning design?

Quantitative analysis also revealed no statistically significant differences

(p > 0.001) in knowledge scores based on prior interaction with students with

SEND (see Table 5).
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Table 5
Independent Sample t-test on Interacting with Students with SEND

Ever (N=80) Never (N =183)

No  Aspect Sig.2 tailed
M SD M SD

1 PK 3.61 0.49 3.70 0.52 0.186 H, is accepted
2 TK 4.03 0.61 3.97 0.63 0.443 H, is accepted
3 CK 3.87 0.52 3.86 0.60 0.912 H, is accepted
4 TCK 3.66 0.59 3.71 0.66 0.570 H, is accepted
5 PCK 379 0.54 3.92 0.58 0100 H, is accepted
6 TPK 3.77 0.56 3.91 0.54 0.055 H, is accepted
7 TPACK 3.76 0.55 3.82 0.58 0.467 H, is accepted
8 IEK 3.88 0.53 3.88 0.58 0.970 H, is accepted

Total 3.80 0.46 3.85 0.48 0.449 H, is accepted

The interview data offer additional insight. Several of the participants
acknowledged encountering SEND students, but these experiences were often
superficial, unstructured or lacked intentional pedagogical guidance. For in-
stance, Ulfa (interview, 27 February 2024), who had previously volunteered in
an inclusive classroom, shared: “I had experience with a student with a hearing
impairment, but no one really explained how to adapt materials. I just tried to
be patient, but wasn’'t confident about what I was doing”. Dewi (interview, 26
February 2024) admitted that while she had a student with hearing difficulties
in her practicum, “no one guided me on how to adapt the lesson. It was up
to me to figure it out”. Nadia (interview, 2 March 2024) reflected: “Maybe we
interacted with SEND students, but without knowing what to look for or what
adjustments to make, it didn't become part of our knowledge”

These accounts reinforce the idea that contact alone, without peda-
gogical framing or structured reflection, may not lead to meaningful shifts
in understanding. This aligns with the findings of Ediyanto et al. (2020) and
Avramidis and Norwich (2002), who argue that interaction alone does not
guarantee a shift in knowledge or belief, but must be accompanied by reflec-
tion, modelling and institutional support. Likewise, Forlin et al. (2013) em-
phasise that the quality and structure of experiences with inclusive education
matter more than their frequency. Florian and Rouse (2009) further argue that
without structured pedagogical preparation, exposure to diverse learners may
reinforce rather than challenge existing biases.

Additionally, research by AlMahdi and Bukamal (2019) highlights the
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fact that even when pre-service teachers have positive attitudes towards in-
clusion, those attitudes are not always predictive of inclusive instructional
competence unless coupled with experiential and structured practice. This
suggests that identity factors like gender and interaction history must be sup-
ported by meaningful pedagogical training in order to translate into knowledge
development.

RQ6: How do pre-service teachers’ perceptions of inclusive
learning design align with their reported classroom practices and
what factors explain discrepancies?

The present study found a notable gap between the pre-service teachers’
conceptual understanding of inclusive design and their ability to put it into
practice. While many of the participants endorsed the importance of inclusive
practices and demonstrated a high level of self-reported knowledge, the inter-
views revealed that emotional, cognitive and institutional factors limited the
translation of these beliefs into practice. Avia (interview, 25 February 2024) ad-
mitted, “I believe in inclusion, but sometimes I just don’t know how to support
them [SEND students] effectively” This suggests a disconnect between theo-
retical commitment and pedagogical enactment.

The interview data further illustrated this gap. Ida (interview, 26 Febru-
ary 2024) reflected, “I always wrote in my lesson plan that learning should be
inclusive, but when it came to group work, I often forgot to think about whether
all students could participate equally”. Similarly, Novi (interview, 2 March 2024)
said, “We were taught inclusive education, but sometimes it felt like something
separate from real science teaching, like a bonus, not a core”. These statements
emphasise how pre-service teachers may knowledgeably support inclusion but
lack the confidence or strategies to integrate it into their daily instruction.

This finding echoes the argument of Florian and Black-Hawkins (2011)
that inclusive pedagogy is not merely about intentions but the ability to make
thoughtful instructional choices that respond to learner diversity. Pre-service
teachers may default to traditional methods even when they value inclusivity
without structured opportunities to rehearse and reflect on inclusive practices.
This underscores the fact that the evidence presented here is qualitative and
self-reported, meaning the identified discrepancies should be interpreted as in-
dicative perceptions rather than empirically verified teaching behaviours.

Studies by Rouse (2008) and Sharma et al. (2003) emphasise the impor-
tance of modelling inclusive practices within teacher education itself. The par-
ticipants in the present study noted that inclusive education was often treated
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as an elective rather than integrated into core pedagogy courses, which may
have weakened its perceived relevance. Goddard and Evans (2018) further sug-
gest that discrepancies between belief and practice can be narrowed through
explicit feedback, classroom-based coaching and guided inquiry.

The absence of assistive technologies, limited access to differentiated
teaching materials and insufficient mentoring during practicums were recur-
ring themes. These issues are consistent with the findings of Sokal and Sharma
(2017), who state that system-level barriers can undermine even the most well-
prepared teachers’ efforts to apply inclusive design. In addition, research by
Ainscow and Sandill (2010) highlights the fact that inclusion must be under-
stood as a continuous school transformation process, not just an individual
teacher’s effort. Therefore, systemic and institutional support is crucial in order
to bridge the gap between what pre-service teachers know and what they can
implement. While pre-service teachers usually support the concept of inclusive
education, the implementation remains limited because of an intersection of
personal, institutional and systematic obstacles, suggesting an apparent mis-
alignment between perception and practice.

Conclusions

The findings of the present study reveal that while pre-service teach-
ers conceptually value inclusive practices, many of them still face challenges in
applying these principles, particularly in differentiating instruction, aligning
assessments with learning goals and integrating inclusive technologies. A key
outcome is the identification of teaching experience as a significant factor in-
fluencing the application of practical knowledge. However, the study also finds
that neither gender nor prior interaction with SEND students significantly
affects inclusive design knowledge, suggesting that experiential learning op-
portunities must be purposefully structured and pedagogically scaffolded. The
study implies that inclusive education should be integrated across all aspects of
teacher preparation, rather than being treated as a supplemental theme. Teach-
er education programmes must provide practice-based learning that integrates
inclusive frameworks into real-world contexts.

The study has several limitations. The reliance on self-reported data may
expand perceptions of competence, and the sample is limited to Indonesian
pre-service teachers, which may affect the generalisability of the findings. Fur-
thermore, while the integration of TPACK, BD and UDL provides a strong the-
oretical model, the study did not quantitatively measure the interaction effects
between these frameworks. Future research should explore longitudinal studies
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tracking pre-service teachers into their early careers to examine how inclusive
knowledge evolves with practice. Comparative studies across countries or cul-
tural contexts may also reveal how systemic factors influence the implementa-
tion of inclusive pedagogy. Additionally, investigating the impact of specific
interventions (e.g., inclusive microteaching, assistive tech workshops) on in-
clusive design competence would yield practical insights for teacher education
reform. In practice, the present study supports the call for a reconfiguration of
teacher preparation in Indonesia and similar contexts, one that moves beyond
policy rhetoric towards intentional, integrated and experiential pathways to in-
clusive teaching.
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