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Abstract. Introduction. Immersive virtual reality has the potential to expand access to traditional musical
instruments for a broader audience, including individuals who cannot directly master these instruments.
Aim. The present paper aims to investigate teachers’ perceptions of the pedagogical affordances of the
EduLaras Virtual Museum, a virtual museum of West Javanese musical instruments. Methodology and
research methods. Thirty-two arts and culture teachers, selected through purposive sampling, completed
a 37-item questionnaire based on the UTAUT and TPACK frameworks, as well as the standard System
Usability Scale (SUS). They also responded to five open-ended questions following a trial session at the
museum. Perceptions of the museum were assessed using three UTAUT constructs: performance expec-
tancy (the belief that the museum would enhance work effectiveness), effort expectancy (the ease of
learning and using the system), and social influence (perceived support from colleagues, management,
and educational norms). The analysis included descriptive statistics of the ratings, evaluation of the SUS
with internal consistency assessed as a pilot indicator, and qualitative content analysis of the open-end-
ed responses. Results. All three UTAUT constructs — performance expectancy (M = 3.94, SD = 0.60), effort
expectancy (M = 3.78, SD = 0.68), and social influence (M = 3.82, SD = 0.65) - exceeded the facilitating
conditions for adopting the proposed technology. This suggests a strong perception of the museum’s use-
fulness and ease of use, as well as perceived support from significant others, whereas the organisational
and technical infrastructure received lower ratings. The SUS score was high (M= 90.23, SD = 9.49; median
=92.50; range = 62.50-100; . = 0.938), with 21 participants scoring at least 90 and six achieving a perfect
score of 100. This distribution indicates a pronounced ceiling effect. Qualitative analysis revealed that
the most frequently cited benefits were instructional support (18/32) and engagement (15/32), while an-
ticipated barriers included resources, access, and cost (23/32), as well as training and adaptation (13/32).
Scientific novelty. A gap was identified between ease of use and readiness for adoption. Although the mu-
seum appeared easy to use during the introductory session, this did not necessarily indicate readiness to
integrate it into the teaching process. Such readiness depended on organisational resources, pedagogical
integration, and management support. Practical significance. The practical significance lies in the shared
use of virtual reality equipment, the provision of short-term training and support when challenges arise,
and the iterative testing of acoustic, rhythmic, and simulation activities.
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AHHomauus. BeedeHue. IMMepcyBHAsI BUPTyaabHAasl peaJbHOCTb CIIOCOOHA PACIIMPUTD AOCTYII K Tpa-
IVUIIVIOHHBIM MY3bIKaJIbHbIM MHCTPYMEHTaM Jjisi 6ojiee MIMPOKOi ayAUTOPUM, BKIIOYAS TEX, /ST KOTO
MpsIMOEe OCBOEHME 3TUX MHCTPYMEHTOB HEeJOCTYITHO. []esib — MCCIef0BaTh BOCIPUSITHE TIPETIOAABATEIS-
MM TearoruyecKnx BO3MOXKHOCTE) BMPTYaJbHOTO My3esl 3ariaIHO-SIBAHCKMUX MY3BIKaJbHBIX MHCTPY-
menToB (EduLaras Virtual Museum). Memodosiozus, memodst u memoduku. 32 TpernojgaBaTesst MCKYCCTBa
M KYJIBTYpbI, OTOGPAHHbIE METOJOM IieJIeHaIpaBIeHHOl BbIOOPKY, TIOC/Ie MPOOGHOro ceaHca paboThl B
My3ee 3aI0HMAN ONPOCHUK 13 37 myHKTOB 1o wKkanam UTAUT u TPACK, cranmaprHyito mkany SUS u oT-
BEeTU/IM Ha IISITh OTKPBITHIX BOIIPOCOB. BocmipusiTiie My3sest olieHuBanoch yepe3 Tpu KoHcrpykra UTAUT:
OXUAaHNE TTPOU3BOJUTEIBHOCTY (YBEPEHHOCTb B TOM, YTO MY3€il TIOBBICUT 3(DPEeKTUBHOCTh PabOTHI),
OXXMJaHyue YCUIuii (HaCKOJIbKO JIeTKO OCBOUTD M MCIIO/Ib30BaTh CUCTEMY) M COLMAIbHOE BIVSIHME (OILY-
IIeHMe MOIEePKKM CO CTOPOHBI KOJUIET, PYKOBOJCTBA ¥ 06pa30BaTelbHbIX HOPM). AHaJIN3 BK/IIOYA TaK-
K€ OMMCATeNbHYI0 CTATUCTUKY OL[eHOK, SUS (MIpoBepKy BHYTPEHHE! COIMacOBAaHHOCTM KaK MUIIOTHOTO
TIOKa3aTesisl) ¥ KaueCTBeHHbI/I KOHTEHT-aHaIn3 OTKPBITBIX OTBETOB. Pe3ynsmamsl. Bce Tpy KOHCTpyKTa
UTAUT mipeBbICUIN YCTIOBMS, Oberyaromiye BHeApeHe MpeJiiaraeMoii TeXHOIOTUI: OXKMUAAHMEe MTPOn3-
BoguTtenbHOCTU (M = 3,94; SD = 0,60), oxxupanue ycunuit (M = 3,78; SD = 0,68) u connanbHoe Bausiuue (M
=3,82; SD = 0,65). DTO TOBOPUT O BBICOKO}1 OLI€HKE ITOJIE3HOCTY U YA06CTBA My3€esl ¥ O BOCIIPMHUMAEMOii
nogaepskKKe CO CTOPOHBI 3HAUMMBbIX OPYIMX, TOTAa KaK CO3JaHHAs OPraHM3alMOHHO-TEeXHUYeCKasad MH-
dpactpykrypa onlennBanach Hike. [TokazaTens SUS okasancs BeicokuMm (M = 90,23; SD = 9,49; mennaHa
=92,50; pa3max = 62,50-100; o = 0,938), npuyem 21 yuacTHUK HabGpas He MeHee 90 6asUIOB, a LIECTEPO
- 100. Taxkoe cMeleHNe OLIEHOK K BepXHe IpaHuIIe IIKaIbl CBUIETELCTBYET O BhIpaskeHHOM «3ddekre
roTosika». KauecTBeHHBIN aHAIN3 TTOKa3aJl, UTO MPeMMYIIeCTBAMU Yallle BCero Ha3bIBaau y4eOHYI0 Mo -
nepxkky (18/32) u BoBieueHHOCTH (15/32), a o3kuaeMbIMu 6apbepamy — Pecypchl, ZOCTYII M CTOMMOCTD
(23/32), a Taxke obyuenmne u agantaiyio (13/32). Hayunas HosusHa. BbIsIBJieH pa3pbiB MeXKIY yI06CTBOM
MCIIOTb30BaHMSI M TOTOBHOCTBIO K BHEJIpEHNI0. My3eii Toka3ascsl ynoOHbIM Ha 03HAKOMUTEIbHOM CeaH-
ce, OTHAKO TO HE 03HAYAJIO TOTOBHOCTY BKITIOUMTD €T0 B YUeOHbIN mpoiiecc. Takasi TOTOBHOCTb 3aBMCeIa
OT OpraHM3alMOHHBIX PeCcypcoB, Mearornueckoil MHTerpauuu U ynpasaeHus. I[Ipakmuueckas 3Hauu-
MOCMb CBSI3aHA C COBMECTHBIM VUCIIOIb30BaHMEM 000PYIOBaHNSI BUPTYaIbHOI PeaJbHOCTU, OpraHu3a-
M€l KPATKOCPOYHOTO OOGYyUYeHMS M TOAIEPSKKYU TIPU 3aTPYSHEHMSIX, & TAK)Ke UTePATUBHOI MPOBEPKOIi
AKYCTUYECKUX, PUTMUYECKUX U CUMYIALIVOHHBIX aKTUBHOCTEI.

Kntoueenle cnoea: BUpTyanbHasi peallbHOCTb, BUPTYa/lIbHbIN My3eli, IMIOTHOE MCCIeJOBaHye C yYacTueM
yunteneii, 3amnaaHas SIBa, TpaguIMOHHAsT My3bIKa, BOCIIpUMHMMaeMoe yno6ctso, UTAUT, TPACK

Baazodaprocmu. [JanHoe ucciemoBaHue 66110 TPO(QMHAHCUPOBAHO B paMKax VccieqoBaTe/bCKoii IIpo-

rpammbl Ha 2024 GMHAHCOBBIN TOA, IO PYKOBOJCTBOM JIMpeKTopaTa 1o UCcaef0BaHMIM, TEXHOIOTUSIM U
o6cmyxkuBanmio obuiectsa (DRTPM) leHepanbHOTO AMpeKTOpaTa 1o BbICLIeMY 06pa30BaHUIO, MCCIeN0-
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Introduction

Rapid technological developments have transformed education, including the
fields of cultural heritage and music education [1]. M. M. Asad, A. Naz, P. Churi et al.
[2], and E. Hu-Au and ].]. Lee [3] state that the emergence of Virtual Reality (VR) as a
pedagogical tool represents a major innovation, while G. Makransky, N. K. Andreasen,
S. Baceviciute et al. [4] affirm that this tool can enhance the learning experience.
Learning musical instruments using VR in Indonesia highlights a revolutionary ed-
ucational method, which makes the interaction between users and their cultural
heritage happen in an unprecedented way. VR offers users a unique experience and
also enhances their perception and feelings, in which they can feel as though they
are in a virtual environment. Virtual museums are essential in preserving and ad-
vancing intangible cultural heritage of Indonesian musical instruments, which are
often threatened to be displaced by globalised contemporary cultural expressions.
In accordance, D. Miharja [5] conveys that Indonesian people consider their musical
traditions manifest artistic innovation and their spiritual and historical identity. P.
Hroncek, B. Gregorovd, D. Tometzova et al. [6] state that virtual products are typical-
ly used for reconstruction of tourism and cultural heritage, also for preservation [7],
documentation [8], and cultural heritage [9]. Understanding technology acceptance
is becoming increasingly important as global education embraces new technologies.
The Unified Theory of Acceptance and Use of Technology (UTAUT) model, developed
by V. Venkatesh, J. Thong, and X. Xu [10], provides a comprehensive framework to
explain this phenomenon. According to UTAUT, there are four fundamental factors
influencing technology acceptance: Performance Expectancy (PE), Effort Expectan-
cy (EE), Social Influence (SI), and Facilitating Conditions (FCs). These factors affect
an individual’s propensity to adopt and use technology.

Immersive virtual reality (I-VR) is a head-mounted, controller-mediated
three-dimensional environment that lets users look around, move, manipulate
virtual instruments, and receive coordinated visual and auditory feedback. A vir-
tual museum is not merely a digital repository or a three-dimensional replica of a
physical collection; rather, it is a curated digital heritage environment that selects
and organises artefacts, sound, narratives, contextual information, and interactive
elements to facilitate the mediation of cultural knowledge. In this study, techno-
logical competence is distinguished from general educational digital competence
by its focus on VR-specific operational ability: using a headset and controllers and
addressing basic technical issues. Pedagogical knowledge encompasses teachers’
understanding of instructional strategies, classroom organisation, scaffolding, and
assessment. Behavioural intention is defined as an individual’s stated plan or will-
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ingness to use a technology in the future. As the current teacher instrument did not
include dedicated behavioural intention or actual-use items, neither construct is
considered an outcome in this pilot study.

Within the above framework, W. Moughal, S. M. Nordin, R. Salleh et al. [11]
state that PE relates to the perceived benefits of technology in improving job per-
formance, while EE addresses the ease of use of the technology. In comparison, H.
Khechine, B. Raymond, and M. Augier [12] highlight that SI emphasises the impor-
tance of the perspectives of peers and significant others in the adoption process,
while L. L. Zhou, J. Owusu-Marfo, H. Asante Antwi et al. [13] demonstrate that FCs
are associated with the availability of resources and support systems that enable
the effective use of technology. A study by Z. Tong [14] reports that research in mu-
sic education reveals that musicians generally display favourable attitudes towards
technology. A significant gap exists in understanding how teachers, especially in
non-Western contexts, modify tools like VR for classroom use. This is particularly
relevant in Indonesian music education in which traditional methods might need
modernisation to keep up with contemporary technology.

In the context of VR-based virtual museums for traditional musical instru-
ments, performance expectancy (PE) refers to teachers’ perceptions of the virtual
museum’s usefulness for explaining instruments, supporting cultural learning, and
enriching teaching tasks. Effort expectancy (EE) addresses the perceived difficul-
ty associated with learning and operating the headset, controllers, navigation, and
application. Social influence (SI) pertains to encouragement or expectations from
colleagues, school leaders, learners, musicians, and cultural communities. Facili-
tating conditions (FC) relate to the availability of devices, time, training, technical
assistance, connectivity, and institutional support. System Usability Scale (SUS) is
reported separately as a global measure of perceived usability during the facilitated
first-use session. In this pilot, UTAUT and TPACK domains organise descriptive and
qualitative interpretation; they are not modelled as latent causal predictors.

In addition to UTAUT, Technological Pedagogical Content Knowledge (TPACK)
provides an essential perspective for analysing the convergence of technology, ped-
agogy, and content knowledge [15]. According to F. Cipta, Y. Sukmayadi, R. Milyarti-
ni et al. [16], TPACK is particularly relevant in music education, and D. Stoilescu [17]
supports that TPACK allows teachers to manage the intricacies of teaching musical
concepts while skilfully integrating technology into their teaching. Indonesian mu-
sic teachers must be able to play and teach Indonesian musical instruments and
be proficient in using technologies to enhance their students’ learning experience.
However, M. M. A. Latif and M. M. Alhamad [18] raised an issue related to unprofi-
ciency in technology devices, training, and support becomes an issue faced by teach-
ers, obstructing the successful technology integration in their classrooms such as
unfamiliarity with technological devices and inadequate training and support. Thus,
a successful implementation of VR-based museums necessitates a comprehensive
understanding technology acceptance factor and learning strategies. According
to C. K. Galla [19], VR has been used in cultural education to duplicate historical
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settings, imitate investigation of archaeological, and bring extinct language back.
These implementations underline capacity of VR to improve learning through inter-
activity and memory [20]. However, the implementation of VR in teaching tradition-
al music, especially Indonesian traditional music, remains relatively unexplored.
Additionally, M. Lui, R. McEwen, and M Mullally [21] affirm that the main focus of
VR in education studies is on its cognitive benefits, including improved memory
retention and conceptual understanding, but neglecting the cultural and emotion-
al aspects of learning. Therefore, integrating VR into Indonesian music education
requires a framework addressing both technological and pedagogical complexities.
The transition to modern teaching methods poses significant challenges in preserv-
ing traditional music. Innovative tools are needed to engage modern learners and
present traditional music in relevant ways. Despite this, S. Williams' reports that
no interactive virtual museum has yet been dedicated specifically to West Javanese
traditional music, and younger generations often prefer globalised contemporary
genres to local ones. Thus, leveraging UTAUT and TPACK into VR-based museums
offers valuable insights into Indonesian music teachers’ perceptions and adoption
of technology.

This study employs an exploratory mixed-methods teacher pilot design rather
than a confirmatory test of UTAUT-TPACK pathways. The purposive sample (n = 32),
the initial facilitated exposure, and the absence of dedicated behavioural-intention
and actual-use measures preclude claims regarding causal relationships between
constructs or the moderating effect of pedagogical training. Instead, the pilot focus-
es on the following research questions:

RQ1. What preliminary response patterns do teachers report concerning per-
ceived usefulness, perceived effort, social support, facilitating conditions, TPACK-re-
lated readiness, and perceived first-use usability of the evaluated VR-based virtual
museum?

RQ2. What benefits, barriers, enabling conditions, cultural concerns, and devel-
opment priorities are identified in teachers’ open-ended responses and contextual
observations during initial use?

RQ3. In what ways should convergent and divergent evidence from the pilot
inform the refinement of the virtual-museum prototype, the teachers’ instrument,
and the design of a subsequent larger study?

These research questions limit the study’s inferences to formative evidence
from participating teachers, whose school affiliations were primarily in West Java
but varied by district and school level. The study does not assert educational ef-
fectiveness, sustained adoption, actual classroom use, or statistical representative-
ness of teachers in West Java. Since behavioural intention and actual use were not
measured in the pilot study, the proposed hypothesis is preliminary and pertains to
the next phase of the research. In the current studyj, it serves to shape the research
questions and refine the instruments, rather than to confirm causal relationships.

T Williams S. Current developments in Sundanese popular music. Asian Music. 1989;21(1):105-136.
doi:10.2307/834075
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H1. Performance Expectancy (PE), Effort Expectancy (EE), Social Influence (SI),
and Facilitating Conditions (FC) are significant predictors of teachers’ Behavioural
Intention (BI) to use a VR virtual museum in teaching traditional Indonesian music.
At the same time, the level of TPACK (Technological Pedagogical Content Knowl-
edge) moderates these relationships: it strengthens the effect of PE and weakens
the negative effect of EE on BI.

The analytical model underlying this study treats UTAUT and TPACK as two
complementary layers rather than a single merged construct set. UTAUT constitutes
the acceptance layer, capturing teachers’ perceived value (PE), perceived effort (EE),
social endorsement (SI), and enabling resources (FC) as antecedents of behavioural
intention (BI). TPACK constitutes the integration layer, describing whether teachers
can translate a technically usable tool into a pedagogically and culturally coherent
lesson. The two layers are connected, not interchangeable: acceptance without in-
tegration capacity risks producing a tool teachers are willing to try but do not know
how to teach with, while integration capacity without acceptance risks producing
pedagogically sound activities that teachers are reluctant to adopt. This connection
is formalised in H1, where TPACK is positioned as a moderator of the PE-BI and
EE-BI relationships rather than as a parallel predictor: a teacher’s pedagogical-con-
tent integration ability is expected to amplify the effect of perceived usefulness and
buffer the effect of perceived difficulty on intention to use. In the present pilot, this
model is stated as a directional hypothesis for future confirmatory testing; it is not
estimated here, since BI and TPACK were assessed only at the descriptive-domain
level and no behavioural-intention scale was administered.

Literature Review

Experiential learning approaches to traditional music in Indonesia

Interactive learning is grounded in the constructivist and experiential learning
theories proposed by D. A. Kolb, R. E. Boyatzis, and C. Mainemelis [22]. It aims to en-
hance interactive methodologies by fostering experiential learning, reflection, and
active exploration. In music education, it helps learners to improve their technical
skills and cultural appreciation in which they can engage with musical instrument
directly [23]. By providing multimodal experiences, such as interactive technology
within this framework, the learning outcomes can be enhanced [24]. Learners can
interact with auditory, visual, and tactile stimuli and facilitate the development of
cognitive and emotional associations with music. VR and augmented reality (AR)
[25] are some of the most promising technologies allowing learners to learn tradi-
tional musical instruments virtually, engage with their digital versions, and practice
playing them in a virtual environment that mimics the acoustics and ambiance of
the cultural context. A study by T. Nurjatisari, Y. Sukmayadi, and T. Nugraheni [26]
highlights the benefits of technology-assisted learning environment, particularly
for young people accustomed to digital interfaces. In accordance, VR-based musical
instrument learning, gamification platforms, and mobile applications enhance stu-
dents’ engagement, facilitate self-paced learning, and enable progress monitoring.
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M. Ahmed, H. Ragab, and S. Shaker [27] emphasise 3D modelling and sound syn-
thesis to teach traditional musical instruments overcome learning challenge and
geographical limitations, and widen access to historical musical traditions.

The literature cautions against treating immersion as an educational effect
in itself: a systematic review found generally promising but inconsistent affective
and cognitive outcomes for immersive VR, with null results and limited evidence
of retention [28], and presence or enjoyment can increase without a corresponding
learning advantage [4]. The relevant question is therefore not whether VR is in-
herently superior, but which pedagogical, cultural, and infrastructural conditions
make its affordances instructionally useful. Comparable settings offer transferable,
not directly generalisable, design principles: Italian mobile-VR music education
demonstrated how immersion can connect listening, place, and guided exploration
[29], and research on virtual musical-instrument learning highlighted embodied in-
teraction and visual guidance as scaffolds for actions difficult to communicate ver-
bally [30]. Differences in learners, instruments, and cultural authority mean these
outcomes cannot simply be generalised to Indonesian teachers.

Virtual museum concept on traditional musical instruments of West Java us-
ing virtual reality

Virtual museums enable visitors to engage with digital representations of his-
torical and cultural artefacts and their contextual environments in ways unattain-
able by traditional museums [28]. Thus, several factors are to be considered include:
VR make a replica of real world in which authentic artefacts are occasionally restrict-
ed and out of reach [29]. The virtual museum enables visitors to engage remotely
with 3D renderings of musical instruments, including gamelan degung, tarawangsa,
angklung, and others. These contents are presented in forms of historical timeline,
video interviews with traditional musicians, cultural stories, animated instrument
explanations, and interactive quizzes, as elaborated below.

e VR integrates multimedia content into cultural and historical themes [30].
The instruments’ significance in West Javanese culture can be highlighted through
cultural stories, historical timelines, and video interviews with traditional musi-
cians as exhibits in a virtual museum [31]. In addition, UNESCO states that it is also
listed on the Representative List of the Intangible Cultural Heritage of Humanity
[32], signifying its role in the culture.

e VR offers global accessibility, allowing anyone with internet access and a VR
headset to explore cultural heritage from anywhere, which is crucial for preserving
culture [33, 34], while I. Bollati and M. Spanevello [35] state that virtual museums
act as digital archives, protecting artefacts and their cultural significance for future
generations.

Preserving living musical heritage goes beyond digitising instruments’ visual
aspects. Elements such as timbre, tuning, playing technique, oral explanation, en-
semble relationships, and social or ceremonial context are integral to transmission.
Research on audio in immersive cultural storytelling demonstrates that sound con-
tributes to spatial orientation, emotion, narrative coherence, and meaning, rather
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than serving merely as decorative accompaniment [36]. UNESCO’s work on living
heritage and education further emphasises the importance of transmission through
communities and educational practice'. Therefore, EduLaras should be regarded as
a complement to teachers, musicians, and situated practice, rather than a substi-
tute. The perceived authenticity and cultural appropriateness of its representations
should remain subjects of empirical investigation.

Unified Theory of Acceptance and Use of Technology (UTAUT)

In UTAUT, performance expectancy, effort expectancy, and social influence af-
fect behavioural intentions in using technology, while behavioural intentions and
facilitating conditions determine technology utilisation.

In employing VR-based museums for Indonesian traditional music learning,
four factors are critical: Performance Expectancy (PE), teachers’ expected value of
EduLaras for instrument demonstration, access, and cultural inquiry; Effort Expec-
tancy (EE), perceived ease of operating the headset, controllers, and navigation; So-
cial Influence (SI), perceived endorsement from colleagues, leaders, students, and
cultural practitioners; and Facilitating Conditions (FC), perceived availability of de-
vices, training, technical support, and institutional arrangements. These constructs
are defined operationally in the Introduction; here they are used only to frame the
pilot’s descriptive analysis, not as latent predictors.

In the original UTAUT, PE, EE, and SI predict behavioural intention. In contrast,
behavioural intention and facilitating conditions (FC) contribute to use behaviour
[37]. The present pilot study does not replicate this structural model; instead, it
retains the 37 items as preliminary indicators of teachers’ perceptions and readi-
ness, without administering a dedicated behavioural-intention or actual-use scale.
Consequently, UTAUT serves as a sensitising and organising framework to clarify
the pilot’s role.

Technological Pedagogical and Content Knowledge (TPACK)

TPACK encompasses the integration of technology and pedagogy to create ef-
fective educational content [38] and to support effective teaching [39]. It consists
of key knowledge domains: Pedagogical Content Knowledge (PCK), Technological
Content Knowledge (TCK), and Technological Pedagogical Knowledge (TPK). TPACK
continues to evolve, with the work of M. Koehler and P. Mishra [40] providing a com-
prehensive explanation:

¢ Content Knowledge (CK): teachers’ comprehension of Indonesian tradi-
tional music — history, cultural significance, instruments, rhythms, and technique
[41].

e Pedagogical Knowledge (PK): teachers’ understanding of instructional
aims, principles, and strategies suited to VR’s immersive qualities [42]. According
to P. Tamirz, pedagogical knowledge encompasses multiple facets, including educa-
tion’s aims, principles, and objectives.

T UNESCO. About living heritage and education. Intangible Cultural Heritage. Accessed February 12, 2026. https://
ich.unesco.org/en/about-01159

2 Tamir P. Subject matter and related pedagogical knowledge in teacher education. Teaching and Teacher
Education. 1988;4(2):99-110. doi:10.1016/0742-051X(88)90011-X
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e Pedagogical Content Knowledge (PCK): synchronising traditional-music
content with instructional methods that foster cultural appreciation [43].

e Technological Knowledge (TK): teachers’ ability to operate, maintain, and
troubleshoot VR tools and curate virtual content.

e Technological Content Knowledge (TCK): understanding how VR can repre-
sent musical instruments and sound in ways traditional media cannot [44].

e Technological Pedagogical Knowledge (TPK): integrating VR’s immersive
features with pedagogical methods such as problem-solving and experiential prac-
tice [45].

Critical synthesis and identification of research gap

The reviewed evidence yields four principal conclusions. First, while immer-
sive VR may enhance presence, interest, and access, learning benefits depend on
instructional design and cannot be assumed from positive user reactions alone [4,
46]. Second, an audio-centred virtual museum of musical heritage should mediate
sound, technique, narrative, and community context, rather than merely reproduce
three-dimensional objects [47, 48]. Third, teachers serve as key implementation
stakeholders; their initial experiences can reveal discrepancies between prototype
operability and classroom feasibility. Previous studies with school educators simi-
larly highlight training, content alignment, technical reliability, and organisational
factors as critical implementation considerations.

UTAUT and TPACK should not be merged into an unvalidated causal model.
However, research remains limited on how first-time teacher users interpret an au-
dio-centred virtual museum for West Javanese instruments, and how their quantita-
tive responses, open-ended feedback, and observed interactions collectively inform
design and study improvements. Addressing this gap is the purpose of the present
formative mixed-method pilot.

Methodology

This study introduces the EduLaras Virtual Museum as a prototype designed
to examine teachers’ initial responses to a virtual reality museum featuring tradi-
tional Indonesian musical instruments. Developed using Unity for the Meta Quest
headset, the prototype focuses specifically on instruments from West Java. Users
can play virtual instruments, listen to audio samples, and access contextual infor-
mation. Figure 1 below shows a screenshot of the EduLaras Virtual Museum app,
which illustrates how West Javanese musical performances are presented through
virtual reality learning.
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Fig. 1. Gamelan Degung instrument learning classroom in the EduLaras Virtual
Museum (Source: Screenshot from the EduLaras Virtual Museum app)

We employed an exploratory mixed-methods pilot design to evaluate teach-
ers’ initial responses to the EduLaras virtual museum for West Javanese traditional
music. UTAUT and TPACK served as sensitising and interpretive frameworks rather
than a combined causal model. Quantitative data consisted of 37 five-point UTAUT-
and TPACK-related rating items and the standard 10-item SUS, completed by 32
teachers. Qualitative data included the same teachers’ responses to five open-ended
questions (OEQ). Unstructured observations documented first-use orientation, vis-
ible engagement, requests for assistance, and practical questions during the facili-
tated trial. As no observation checklist or time-sampling protocol was implemented,
observations were considered only as contextual evidence. No student outcomes,
behavioural-intention scale, actual-use log, or classroom follow-up data were col-
lected.

Usability should be clearly distinguished from acceptance, adoption, and effec-
tiveness. SUS consists of ten alternating positive and negative items and produces a
global score ranging from 0 to 100", with established interpretive guidelines [49] and
validated measurement properties [50]. In this pilot, we administered the SUS imme-
diately after the facilitated EduLaras trial as an independent measure of perceived
first-use usability. The SUS was not combined with UTAUT or TPACK items and is
not interpreted as evidence of classroom effectiveness, behavioural intention, actu-
al adoption, or long-term usability. The sample included 32 art and culture teachers
from primary, junior-high, senior-high, and vocational schools. Participants were
purposively recruited through a regional teacher activity as school-based infor-
mants who could complete the hands-on trial and provide formative feedback. All
participants were adult teachers. Participation was voluntary, and informed consent

1 Brooke J. SUS: a quick and dirty usability scale. In: Jordan PW., Thomas B., Weerdmeester B.A., McClelland I.L.,
eds. Usability Evaluation in Industry. London: Taylor & Francis; 1996:189-194.
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was obtained from all participants prior to the facilitated trial; participants were
informed of the study’s purpose, their right to withdraw at any time without penal-
ty, and how their data would be used and reported. The group represented diverse
arts-teaching backgrounds, including music, dance, and visual art; some partici-
pants also combined school teaching with traditional-music practice. Specialisation
and practitioner status were documented only in recruitment and facilitator notes,
not through a standardised demographic item, and are therefore treated as contex-
tual characteristics rather than variables for subgroup analysis. Of the participants,
20 were men (62.5%), and 12 were women (37.5%). 16 had taught for less than one
year (50.0%), 10 for one to five years (31.3%), three for six to ten years (9.4%), and
three for more than ten years (9.4%). School affiliations were concentrated in West
Java but extended across multiple districts; the sample was neither probabilistic
nor statistically representative. Orientation and session observations indicated that
participating teachers were using VR for the first time. However, because no dedi-
cated baseline item captured prior VR experience, this is reported as an observa-
tional characteristic rather than a verified moderator.

The Indonesian post-use questionnaire comprised 37 author-adapted items
mapped to performance expectancy (PE, 6 items), effort expectancy (EE, 5), social
influence (SI, 5), facilitating conditions (FC, 4), content knowledge (CK, 2), peda-
gogical knowledge (PK, 5), technological knowledge (TK, 2), technological peda-
gogical knowledge (TPK, 4), technological content knowledge (TCK, 2), and peda-
gogical content knowledge (PCK, 2). Responses ranged from 1 (strongly disagree)
to 5 (strongly agree). These items did not include dedicated behavioural-intention,
actual-use, or integrative TPACK measures and were analysed only as preliminary
descriptive domains. Perceived first-use usability was assessed separately using the
standard 10-item SUS, which included alternating positive and negative wording
and a five-point response scale. We administered five OEQs on expected benefits,
anticipated barriers, required support, game ideas, and recommendations for Edu-
Laras Virtual Museum.

We examined internal consistency for each author-adapted UTAUT- and
TPACK-informed domain and for the standard SUS. We used the coefficients to iden-
tify weak or insufficiently represented item groupings before a subsequent larger
study; we did not treat them as evidence of factorial, convergent, or discriminant
validity. Because the CK, TK, TCK, and PCK domains contained only two items each,
we interpreted their coefficients with caution. We therefore assessed item wording
and domain coverage as targets for instrument refinement rather than as confirma-
tion of a measure.

Prior to the pilot, challenges in teaching traditional music were identified and
EduLaras Virtual Museum was developed with input from music, education, and
technology experts. The facilitated session itself included orientation to the head-
set and controllers; guided exploration of the virtual museum and its interactive
instrument features; immediate completion of the 37 rating items, SUS, and five
OEQs; and a question-and-answer discussion. Individual guided exposure lasted ap-
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proximately 15 minutes. Participants typically entered two virtual classes and spent
approximately 4 to 8 minutes in each. Facilitators estimated these durations from
notes rather than using an automated log or standardised timing protocol. Facilita-
tors supported initial operation and recorded contextual observations. The session
was a formative prototype trial, not a controlled lesson or independent usability
test. No comparison group, standardised task sequence, instrumented task-comple-
tion time, error count, student participation, or delayed follow-up was included.

We analysed the 32 OEQ sets using qualitative descriptive content analysis. Re-
sponses were read repeatedly, divided into meaning units, assigned concise induc-
tive codes, and grouped within the five prompt areas. We checked categories against
the original wording and retained infrequent, contradictory, or negative responses.
A theme count denotes the number of teachers whose response contained that cat-
egory; categories were not mutually exclusive. We used contextual observations and
question-and-answer notes only to clarify the trial setting. We did not treat them as
interview transcripts, formal focus group data, or evidence of thematic saturation.

We summarised the 37 rating items using participant-level domain means,
sample standard deviations, and the percentage of item responses scored 4 or 5.
Then, we cross-classified PE and FC means at a descriptive threshold of 4.00 to cre-
ate four exploratory readiness profiles; these do not represent latent classes. Stan-
dard SUS scoring was applied by subtracting 1 from odd-item responses, subtracting
even-item responses from 5, summing the ten contributions, and multiplying by 2.5.
We reported SUS results as mean, standard deviation, median, interquartile range,
range, and internal consistency, with explicit inspection for ceiling clustering. We
integrated quantitative, OEQ, and contextual evidence in a joint display to identify
convergence, complementarity, and divergence. All claims were limited to this pur-
posive pilot sample.

This study adhered to the British Psychological Society (BPS) Code of Human
Research Ethics. Informed consent was obtained from all participants, who were
assured that they could withdraw at any time without any consequences. Data col-
lection methods, including surveys, interviews, and observations, ensured the confi-
dentiality and anonymisation of personal information. The study received approval
from the Institute for Research and Community Service at Universitas Pendidikan
Indonesia (UPI), with measures implemented to minimise risks to participants.
Throughout the process, the study emphasised respect for participants, research
integrity, and honest reporting.

Results

Participant and data-source characteristics

All 32 complete records were retained. The sample comprised 20 men and 12
women. Teaching experience was predominantly among early-career participants:
16 had taught for less than one year, 10 for one to five years, three for six to ten years,
and three for more than ten years. All participants completed the 37 rating items,
the 10 SUS items, and the five OEQs. Recruitment and facilitator notes indicated a
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range of arts specialisations and some experience as traditional-music practitioners,
although these characteristics were not collected as standardised variables. School
affiliations contributed contextual variation across school levels and districts; how-
ever, the purposive sample was not statistically representative. Contextual first-use
observations indicated that high usability ratings occurred during a brief supported
initial encounter. Individual exposure lasted approximately 15 minutes and typical-
ly included two virtual classes, with 4 to 8 minutes of exploration per class. Teachers
generally transitioned from orientation to direct navigation and virtual-instrument
manipulation without notable visible difficulty. Teachers frequently showed enthu-
siasm during this initial, novelty-rich experience. During the question-and-answer
discussion, teachers consistently linked the prototype’s potential value to limited
school access to traditional instruments and the need for art and culture teach-
ers to introduce musical material beyond their primary arts specialisation. These
observations and discussion notes were unstructured and were not quantified as
behavioural frequencies; they serve only to contextualise the SUS and OEQ findings
and are not presented as objective evidence of task performance.

Descriptive patterns in UTAUT- and TPACK-related responses

Table 1 presents descriptive patterns across domains. Within the UTAUT-relat-
ed domains, PE, SI, and EE demonstrated relatively positive responses, whereas FC
exhibited lower and more variable scores. TPACK-related ratings indicated moderate
confidence in component domains; however, CK remained psychometrically weak,
and four domains included only two items each. Consequently, these results reflect
item-pool diagnostics and preliminary response patterns rather than validated la-
tent constructs. In the table, agreement refers to the percentage of item responses
scored 4 or 5. Alpha values serve as preliminary diagnostics only; the two-item do-
mains and purposive sample of n = 32 limit their stability and interpretability.

Table 1
Descriptive domain results for the teacher pilot (n = 32)
Domain Items M SD Agreement Pilot o
(%)

Performance expectancy (PE) 6 3.94 0.60 68.8 .755
Effort expectancy (EE) 5 3.78 0.68 61.9 .791
Social influence (SI) 5 3.82 0.65 61.9 733
Facilitating conditions (FC) 4 3.51 0.90 45.3 .873
Content knowledge (CK) 2 3.95 0.57 70.3 .368
Pedagogical knowledge (PK) 5 3.78 0.62 63.1 .759
Technological knowledge (TK) 2 3.88 0.83 70.3 874
Technological pedagogical knowledge (TPK) 4 3.77 0.67 63.3 .857
Technological content knowledge (TCK) 2 3.78 0.71 62.5 .749
Pedagogical content knowledge (PCK) 2 3.73 0.79 57.8 .808
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As shown in Table 1, internal-consistency coefficients across the UTAUT- and
TPACK-informed domains ranged from .368 to .874. Except for CK, the coefficients
ranged from .733 to .874, indicating moderate to high preliminary consistency. CK
was weak (a =.368), indicating that its two items did not operate as a coherent pre-
liminary domain. Although TK, TCK, and PCK produced moderate-to-high coeffi-
cients, each contained only two indicators; consequently, their content coverage
and coefficient stability remain insufficient for construct-level validation. These
findings identify item-pool revision priorities and do not validate an integrated
UTAUT-TPACK measurement model. The standard SUS produced « =.938 and is re-
ported separately with the first-use usability results below.

Item-level analysis further clarified the implementation gap. The EE quick-to-
learn item yielded a mean of 4.00 with 68.8% agreement. Perceived social legitimacy
was higher, with 84.4% agreeing that the school community considered VR import-
ant (M = 4.34). In contrast, agreement was lower for administrative support (40.6%,
M = 3.34), school-provided training (37.5%, M = 3.38), access to required resources
(46.9%, M = 3.44), and adequate infrastructure (37.5%, M = 3.50). Technical support
was somewhat higher (M = 3.72; 59.4%). The elevated rating for expected achieve-
ment (PE05, M = 4.16) reflects an expectancy judgment rather than evidence of im-
proved student achievement.

Perceived usability during initial use

All 32 participants completed the standard SUS. The mean score was 90.23 (SD
=9.49), with a median of 92.50, an interquartile range of 86.25 to 97.50, and a range
of 62.50 to 100. Internal consistency following correct reverse scoring was high (o =
.938). Twenty-one teachers (65.6%) scored at least 90, 27 (84.4%) scored at least 80,
and six (18.8%) achieved the maximum score of 100.

This distribution indicates high perceived usability in the facilitated initial-use
setting, but also reveals a pronounced ceiling effect. The approximately 15-minute
session included orientation, available assistance, and brief exploration of typically
two virtual classes. No standardised task completion, instrumented timing, error
rates, help requests, or delayed independent use were measured. The SUS results
provide evidence of a favourable immediate user experience under supported condi-
tions, but do not establish independent classroom usability, pedagogical effective-
ness, or behavioural outcomes.

Exploratory analysis of teachers’ readiness configurations

To examine whether perceived value aligned with enabling conditions, we
cross-classified PE and FC at the prespecified descriptive threshold of 4.00 (Table 2).
Nineteen teachers reached PE > 4.00. Of these, eight also reached FC > 4.00, while 11
(57.9% of the high-PE group) were interested but constrained. Three teachers were
supported but cautious and 10 were below the threshold on both dimensions.
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Table 2
Exploratory readiness profiles based on PE and FC
Profile Rule n % Interpretive description
Ready adopter PE>4;FC>4 | 8 | 25.0 | High perceived value and enabling conditions

High perceived value; enabling conditions

Interested but constrained | PE >4;FC<4 | 11 | 344 lag

Enabling conditions present; perceived value

Supported but cautious PE<4;FC>4| 3 | 94 .
cautious

Both dimensions below the descriptive

Not-yet-ready PE<4;FC<4 110 | 313 |\p chold

Summary of open-ended findings

The pilot open-ended question (OEQ) results provided further detail by clar-
ifying the perceived value of EdulLaras Virtual Museum and outlining pilot imple-
mentation requirements. The most frequently cited benefits related to enhanced
learning and understanding (18/32, 56.3%) and increased engagement or perceived
modernity (15/32, 46.9%). Additionally, eight teachers (25.0%) highlighted cultur-
al recognition or preservation and improved access or flexibility, while six (18.8%)
noted immersion or realism. These categories reflect anticipated pedagogical value
rather than directly measured student learning outcomes.

The dominant anticipated barrier in the pilot was resources, access, and cost
(23/32, 71.9%), followed by training or adaptation (13/32, 40.6%). Five teachers
raised technical reliability or comfort (15.6%), four raised cultural-content or au-
thenticity concerns (12.5%), and one identified weak public interest. Correspond-
ingly, hardware or infrastructure was the most frequent support requirement (24/32,
75.0%), followed by institutional or financial support (14/32, 43.8%), training or hu-
man support (13/32,40.6%), partnerships (5/32, 15.6%), and cultural expertise (3/32,
9.4%).

In the pilot, teachers contributed as formative co-design informants. Their sug-
gestions focused on aural, rhythm, or tuning activities (15/32, 46.9%); performance,
simulation, or collaborative experiences (12/32, 37.5%); and adventure, quest, or ex-
ploratory structures (8/32, 25.0%). Recommendations emphasised the importance of
interactivity or gamification (11/32, 34.4%), improved access or dissemination (8/32,
25.0%), sustained development (8/32, 25.0%), inclusion of additional instruments
or content (6/32, 18.8%), and technical or audio-visual refinement (5/32, 15.6%).
Specific examples included rhythm-game formats, virtual instrument exploration,
ensemble simulation, cultural quests, quizzes, clearer interaction, and enhanced de-
vice responsiveness.

To integrate the descriptive ratings, open-ended responses, and contextual ob-
servations, Table 3 presents a joint display of the principal findings. It shows how
favourable perceptions of first-use usability and pedagogical value coexist with con-
cerns about institutional resources, teacher support, and cultural authenticity. The
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integrated inferences remain formative because observations were unstructured
and neither classroom adoption nor student learning outcomes were measured.

Table 3

Joint display of descriptive, open-ended, and contextual evidence

Integrated inference and

ture 37.5%

financial support: 14/32

Dimension | Descriptive ratings | OEQ/observation evidence
boundary
Facilitator-estimated exposure
was approximately 15 min, typ- | High immediate usability is
ically across two virtual classes | plausible within a short, facil-
. SUS M=90.23,SD | (approximately 4-8 min/class); | itated, novelty-rich trial; ceil-
First-use wus-| . L A . . . .
ability =9.49; median = | navigation and manipulation | ing clustering and the absence
92.50; o =.938 were generally manageable,|of timed independent tasks
enthusiasm was common, and | bound inference about class-
training/adaptation was still | room use
anticipated by 13/32
Learning/understanding: | EduLaras Virtual Museum may
. PE M= 3.94; com- 18/32; engagerqept: 15/32; | scaffold prellmlpary access
Pedagogical . cultural recognition: 8/32;|and cross-specialism teaching,
munity importance . .
and cultural M= 4.34 (84.4% contextual comments linked | but these are expectations and
value ) N value to scarce instruments |legitimacy judgements, not
agreement) . . .
and cross-specialism needs; |learning outcomes or verified
authenticity concerns: 4/32 cultural accuracy
An access-substitution para-
FC M =3.51; access | Resources/access/cost: 23/32; | dox emerged: VR may widen
Institutional 46.9%; training hardware/infrastructure sup- |access to scarce instruments
enablement 37.5%; infrastruc- port: 24/32; institutional/ while requiring new digital

infrastructure; no actual class-
room adoption was measured

Pedagogical
integration

TPK M = 3.77; TCK
M=3.78; PCK M =
3.73

Training/human support:
13/32; simulation/perfor-
mance ideas: 12/32; cultural
expertise: 3/32; varied arts
specialisations and practi-
tioner roles were contextual,
not standardised variables

Cross-specialism potential is
plausible, but basic confidence
did not establish validated
VR-specific lesson-design
competence and subgroup ef-
fects cannot be inferred

Formative
co-design

No behavioural-in-

tention, actual-use,

or student-outcome
measure

Aural/rhythm ideas: 15/32;
interactivity/gamification:
11/32; access/dissemination:
8/32; sustained development:
8/32

Suggestions define prototype
hypotheses and implementa-
tion priorities, not tested solu-
tions

Divergent and negative cases

The data did not indicate uniformly positive outcomes. Ten teachers were cat-
egorised as not-yet-ready, while three were supported but remained cautious. The
SUS scores ranged as low as 62.50, despite a high mean. Six teachers reported per-
fect SUS scores, and 21 scored at least 90, suggesting a pronounced ceiling effect.
One teacher anticipated no barriers, whereas another cited community disinterest.
Five teachers expected technical reliability or comfort issues, and four expressed
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concerns regarding authenticity. These negative and discrepant cases demonstrate
that a high SUS mean does not necessarily reflect uniform readiness or confirmed
classroom feasibility.

Discussion

High initial usability accompanied by conditional implementation readiness

The primary finding is not the high SUS score alone, but its coexistence with
weaker implementation conditions. EduLaras Virtual Museum achieved a mean
SUS score of 90.23. Performance expectancy (PE, M = 3.94), social influence (SI, M =
3.82), and effort expectancy (EE, M = 3.78) all exceeded facilitating conditions (FC,
M =3.51), which also exhibited the greatest dispersion (SD = 0.90). This pilot study
therefore identified a gap between usability and readiness for implementation. At
the interactional level, teachers generally navigated and manipulated the prototype
during an approximately 15-minute supported initial encounter. However, at the
organisational and material level, access, training, infrastructure, and administra-
tive support remained uncertain. UTAUT distinguishes perceived value, effort, so-
cial influence, and facilitating conditions theoretically [11-13, 51]; the present data
illustrate why these dimensions must remain distinct from usability. A system may
be enjoyable and easy to learn in a workshop setting without being ready for routine
use as a school resource.

Item-level contrasts further clarify this gap. School-community importance
reached a mean of 4.34 with 84.4% agreement, whereas administrative support
reached a mean of 3.34 with 40.6% agreement, and school-provided training
reached a mean of 3.38 with 37.5% agreement. Consequently, community impor-
tance exceeded administrative support by 43.8 percentage points and training by
46.9 points; the corresponding mean differences were 1.00 and 0.97 on a five-point
scale. Qualitative evidence was consistent: 23 of 32 teachers (71.9%) anticipated
challenges related to resources, access, and cost, surpassing any benefit category,
including learning and understanding (18/32, 56.3%). These findings indicate con-
ditional or symbolic acceptance: EduLaras Virtual Museum is perceived as culturally
legitimate and easy to use, yet its institutional integration into classroom practice
remains unresolved.

This convergence highlights an access-substitution paradox. Teachers valued
EduLaras Virtual Museum in part because many schools lacked complete collections
of West Javanese musical instruments. However, implementing the virtual alterna-
tive would require headsets, compatible devices, technical support, scheduling, and
institutional financing. Virtual access may therefore broaden representational ac-
cess while shifting material inequality from musical instrument provision to digi-
tal infrastructure. EduLaras Virtual Museum should thus be evaluated as part of a
comprehensive school implementation package rather than as standalone software.

Contextual observations also indicate a cross-specialism function. Art and cul-
ture teachers may be primarily trained in music, dance, or visual art, yet are still
required to introduce musical heritage. For those teaching outside their original arts
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specialisation, a virtual museum may serve as an orientation and lesson-prepara-
tion scaffold. Participants’ support for traditional music practice experience further
suggests professional and cultural legitimacy. However, because we did not collect
specialisation and practitioner status through standardised demographic items,
these interpretations remain propositions for future investigation rather than
demonstrated subgroup effects.

Readiness exhibited a configurational pattern rather than a uniform distri-
bution

The four descriptive profiles further support this interpretation by demon-
strating that readiness does not exist along a single continuum. Nineteen teach-
ers achieved PE scores of 4.00 or higher; however, only eight of these also attained
FC scores of 4.00 or higher. The remaining eleven teachers (57.9% of the high-PE
group) exhibited interest but faced constraints. Three teachers were supported but
remained cautious, and ten fell below the threshold on both dimensions. Neither
perceived value nor facilitating conditions alone proved sufficient: high PE with-
out FC indicated unrealised interest, whereas FC without high PE reflected capacity
without corresponding pedagogical conviction.

These profiles serve as transparent heuristics rather than validated categories,
yet they reveal distinct implementation challenges that are obscured by aggregate
measures. Interested-but-constrained teachers primarily require access to devices,
technical support, scheduling accommodations, and institutional approval. Sup-
ported-but-cautious teachers need curriculum alignment and compelling evidence
of added pedagogical value. Not-yet-ready teachers need both an evidence-based ra-
tionale and enabling support, whereas the ready group is best suited for monitored
classroom trials. Consequently, a uniform training programme would be inefficient;
support strategies should be tailored to the specific configuration of perceived value
and capacity.

High perceived usability did not guarantee feasible classroom implementation

SUS and effort-expectancy measures reflect related but distinct judgments.
The SUS mean score of 90.23 and the quick-to-learn item (M = 4.00; 68.8% agree-
ment) indicate a favourable immediate interaction with EduLaras Virtual Museum.
This outcome is plausible given the observed conditions: approximately 15 minutes
of guided exposure typically enabled participants to enter two virtual classes and
spend 4 to 8 minutes in each, after which direct navigation and instrument manip-
ulation were generally manageable. However, 13 teachers (40.6%) anticipated the
need for training or adaptation, and 24 (75.0%) requested additional hardware or
infrastructure. These findings are not contradictory. The SUS provides a global post-
use appraisal of the system. In contrast, classroom implementation also requires de-
vice preparation, troubleshooting, headset rotation, aligning activities with lesson
objectives, learner supervision, and managing comfort and time.

This distinction aligns with teacher-focused virtual reality research, which
demonstrates that promising interfaces can coexist with challenges related to
equipment, navigation, professional development, and classroom organisation [52,
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53]. Visible excitement during initial encounters may indicate genuine ease of use,
but it can also result from novelty, facilitator presence, or the appeal of game-like
interaction. Participants received orientation and assistance; task order was not
standardised, and variables such as task time, errors, help requests, discomfort, and
delayed retention were not measured. Additionally, 21 SUS scores were at least 90
and six were perfect, suggesting that ceiling effects may reflect favourable inter-
action, novelty, acquiescence, facilitator influence, or a combination of these fac-
tors. Future evaluations should distinguish interface usability through standardised
tasks and SUS, instructional usability through lesson preparation and classroom or-
chestration, and sustained feasibility through repeated independent use and main-
tenance.

TPACK patterns indicated an integration issue rather than a skills deficit

The TPACK-related pattern provides further insight into conditional readiness.
Component-domain means were moderately positive: CK = 3.95, PK = 3.78, and TK
= 3.88. The intersecting domains were TPK = 3.77, TCK = 3.78, and PCK = 3.73. These
minor descriptive differences should not be interpreted as statistically significant
gaps. However, they suggest that a positive initial experience does not necessari-
ly demonstrate a teacher’s ability to design culturally accurate learning sequences,
manage device rotation, scaffold musical listening or performance, or assess learn-
ing. The TPACK framework helps examine how teachers integrate technology, peda-
gogy, and content in teaching [15]. Measurement diagnostics (see Results and Lim-
itations) preclude construct-level claims; TPACK should be regarded as a diagnostic
framework rather than a latent causal score.

Cultural legitimacy served as both an affordance and a constraint on quality

The cultural evidence adds a domain-specific layer that generic usability and
technology-acceptance measures would miss. Eight teachers (25.0%) associated
EduLaras Virtual Museum with cultural recognition or preservation, and 84.4%
agreed that VR was important to the school community. One participant described
the experience as a way to connect more closely with their culture, while another
emphasised that the actual instruments should accompany VR. This suggests that
local content contributes to legitimacy: EduLaras Virtual Museum was evaluated
not only as a device but as a possible bridge to West Javanese musical heritage.
For schools without complete instrument collections, the prototype may support
preliminary listening, identification, comparison, and contextual exploration. These
are perceived possibilities, not measured cultural-learning outcomes.

Cultural relevance does not equate to cultural accuracy. Four teachers expressed
concerns regarding content or authenticity, and three highlighted the need for cul-
tural expertise. The local specificity that enhances EduLaras’s appeal also creates
a responsibility to represent timbre, tuning, technique, terminology, ensemble re-
lationships, and social context accurately. In an audio-focused museum, sound is a
core component of the knowledge being conveyed, rather than a decorative element
[51]. UNESCO’s living-heritage perspective similarly prioritises community-based
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transmission and practice'. Consequently, EduLaras Virtual Museum should be po-
sitioned as a cultural-pedagogical bridge rather than a digital replacement for in-
struments, artists, teachers, or situated performance. Cultural practitioners should
be involved in decisions regarding recordings, narratives, classifications, and sim-
plification.

Teachers’ feedback shifted the evaluation process towards formative co-design

Open-ended responses extended beyond general approval. Teachers suggested
aural, rhythm, or tuning activities (15 teachers, 46.9%); performance, simulation, or
collaboration (12 teachers, 37.5%); and adventure, quest, or exploratory structures
(8 teachers, 25.0%). Recommendations focused on interactivity or gamification
(11/32), access or dissemination (8/32), sustained development (8/32), addition-
al instruments or content (6/32), and technical or audio-visual refinement (5/32).
These suggestions position teachers as formative co-design informants who that
extend beyond the scope of a standard usability evaluation. These categories can
be operationalised as testable requirements. Rhythm and tuning suggestions in-
dicate the need for meaningful listening, discrimination, timing, and tuning tasks
rather than generic rewards. Simulation and collaboration recommendations sug-
gest ensemble roles, turn-taking, and designs that retain value with limited headset
availability. Quest structures can support exploration and cultural narrative while
maintaining musical objectives. Access concerns highlight the importance of offline
or low-bandwidth options, short modular sessions, device-sharing protocols, and a
non-VR companion mode. Requests for simplicity, responsiveness, sound quality,
and additional content indicate the necessity for iterative usability and cultural re-
view. These remain design hypotheses that require validation through task-based,
classroom, and cultural studies.

Negative cases and alternative explanations temper the overall positive pat-
tern observed

A rigorous interpretation must also consider evidence that challenges a
straightforward innovation-success narrative. Ten teachers were not yet ready to
adopt the innovation, three were supported but remained cautious, and the lowest
SUS score was 62.50. Five sets of OEQ responses highlighted concerns regarding
technical reliability or user comfort, four addressed issues of cultural authenticity,
and one participant anticipated community disinterest. While six teachers achieved
perfect SUS scores, such ratings may indicate a measurement limitation by reducing
differentiation among responses. Addressing equipment limitations alone would
not resolve all concerns; some teachers require greater curriculum relevance, clear-
er learning sequences, or increased confidence in cultural representation.

Several alternative explanations remain plausible. Immediate ratings may have
been inflated by novelty effects, facilitator presence, social desirability bias, acqui-
escence, or contrast with familiar media; the negative skew and ceiling clustering
of SUS scores support this interpretation. In contrast, low FC may reflect general

TUNESCO. About living heritage and education. Intangible Cultural Heritage. Accessed February 12, 2026. https://
ich.unesco.org/en/about-01159
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school-resource constraints rather than barriers specific to EduLaras Virtual Muse-
um. Half of the sample had less than one year of teaching experience, which could
influence enthusiasm, institutional knowledge, or access to decision-making. The
study did not measure age, prior formal VR experience, school resources, or volun-
tariness with sufficient rigor to test these alternative explanations. Same-session
self-report introduces common-method bias, and unstructured observation does
not establish behavioural frequency or independent performance. Consequently,
these findings should be regarded as formative evidence from a guided initial en-
counter rather than stable estimates of future behaviour.

Scientific contribution and propositions for future research

The primary scientific contribution is empirically distinguishing three levels
previously conflated in the original analysis, rather than confirming a combined
UTAUT-TPACK adoption model or asserting that a high SUS score predicts use. At the
interactional level, perceived first-use usability was high. At the pedagogical level,
teachers had to translate VR operation into activities that were both culturally and
instructionally coherent. At the organisational level, disparities persisted in devices,
training, infrastructure, technical support, and administrative commitment. Cultur-
al authenticity intersects all three levels, influencing perceived value, instructional
quality, and implementation legitimacy. Identifying this multilevel usability-readi-
ness gap offers a more precise contribution than simply relabelling mixed indicators
as behavioural intention, technology use, or effectiveness. This positions readiness
for a culturally situated virtual museum as a multilevel condition rather than an
individual acceptance state.

The findings yield three propositions for subsequent empirical testing. First,
facilitated exposure may enhance perceived usability and perceived value more rap-
idly than facilitating conditions, as the former can change through direct experi-
ence, whereas the latter rely on institutional capacity. Second, strong cultural or
social legitimacy without material and administrative support may lead to symbolic
acceptance rather than implementation. Third, the progression from perceived us-
ability to classroom use likely depends on facilitating conditions, VR-specific ped-
agogical integration, and confidence in cultural accuracy. These propositions draw
on UTAUT, TPACK, SUS, and qualitative evidence, but do not represent causal results
from this pilot study.

A larger follow-up study should proceed in stages rather than beginning with
a complex structural model. First, revise the 37-item pool, strengthen the two-item
domains, and add dedicated behavioural-intention and continued-use measures
without merging them with the SUS. Second, repeat usability testing using stan-
dardised tasks, including measures of completion, errors, assistance, comfort, and
delayed independent use. Third, small-scale classroom feasibility trials should doc-
ument lesson plans, device rotation, duration, technical incidents, student partic-
ipation, and repeated use. Fourth, measure independent student outcomes only if
effectiveness when claimed. A subsequent confirmatory survey should employ vali-
dated constructs, broader sampling, and an a priori power analysis. The current pilot
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study (n = 32) reduces conceptual, measurement, cultural, and implementation risks
before scaling up.

Synthesis of findings across research questions

Collectively, the evidence addresses the three research questions at distinct
analytical levels. For RQ1, teachers reported high perceived first-use usability; rela-
tively positive perceptions of PE, EE, and SI; weaker FC; and only preliminary con-
fidence related to TPACK. The readiness profiles indicated that usability and per-
ceived value alone did not ensure enabling conditions. For RQ2, OEQ responses and
contextual evidence elucidated the observed patterns through anticipated learning
and engagement benefits, resource and training barriers, cultural opportunities, au-
thenticity concerns, and specific co-design priorities. For RQ3, the findings support-
ed a sequential approach: refine the interface and cultural content, develop a fea-
sible school implementation package, revise the measurement instrument, conduct
independent usability and classroom-use testing, and evaluate learning outcomes
in a separate controlled phase. The resulting conclusion is more focused and robust
than a general adoption claim: EduLaras Virtual Museum was rated highly usable
during facilitated first use, but sustainable integration remained contingent on in-
stitutional, pedagogical, technical, and cultural alignment.

Limitations

This pilot study has six primary limitations. First, the 32 teachers recruited
through purposive sampling were concentrated in West Java and unevenly distrib-
uted across regions and experience levels, which limits statistical representation of
the provincial teacher population. Second, SUS scores demonstrated pronounced
ceiling effects, and no standardised data were collected regarding task performance,
error rates, assistance required, discomfort, or continued use after a time interval.
Third, the distribution of statement items across TPACK domains was inconsistent,
preventing construct validation. Fourth, responses to open-ended questions varied
in depth, and observations lacked structure; neither supports claims regarding data
saturation or behavioural frequency. Fifth, participants exhibited diverse compe-
tency backgrounds within the Arts and Culture subject area. Sixth, self-report rat-
ings collected in the same session as the trial introduce common-method bias, and
immediate responses may reflect novelty, facilitator presence, or social-desirability
effects rather than stable judgments; the facilitated nature of the session similarly
limits inference to independent, unsupported use. Consequently, the findings reflect
perceived usefulness upon initial use, formative perceptions, conditional readiness,
and development priorities, but do not establish effectiveness, causal relationships,
or sustained adoption.

Conclusion

For RQ1, teachers reported high perceived first-use usability and relatively pos-
itive PE, EE, and SI, but weaker FC — 11 of 19 teachers with PE > 4.00 still fell below
FC =4.00 - and instrument diagnostics did not support construct-level claims. The
pilot thus distinguishes a promising guided introduction from readiness for inde-
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pendent classroom use. For RQ2, teachers viewed EduLaras as a valuable learning
and engagement tool, especially where instrument collections or specialist coverage
are lacking, but cited device access, cost, infrastructure, training, and cultural accu-
racy as key barriers. Suggestions for aural, rhythm, simulation, and quest activities,
alongside authenticity concerns, point to a need for cultural governance in design.
For RQ3, the evidence supports the staged refinement process detailed in Practical
Implications: culturally reviewed interface improvements, a school implementation
package, a revised item pool, and independent usability and classroom-feasibility
testing before assessing learning outcomes.

Overall, the evidence supports the claim in the title: a virtual museum can serve
as a tool for studying traditional Indonesian musical instruments, but its education-
al value depends on more than immersion or novelty. EduLaras is best understood as
an introductory cultural-pedagogical bridge that prepares, rather than replaces, en-
gagement with real instruments, teachers, and cultural practice. The usability-read-
iness gap and access-substitution paradox indicate that success depends on four
interdependent conditions; usable interaction, pedagogical orchestration, institu-
tional capacity, and cultural authenticity — since readiness reflects the ecosystem’s
capacity to translate virtual access into feasible, culturally responsible learning, not
mere acceptance of a device.

Practical Implications

The immediate priority is to develop a practical school implementation pack-
age that addresses the access-substitution paradox identified in this pilot, rather
than focusing solely on hardware provision. EduLaras Virtual Museum development
should include: (1) concise onboarding, user guidance, and troubleshooting; (2) cur-
riculum-aligned lesson modules and rotation plans for limited headsets; (3) offline
or low-bandwidth functionality where feasible; (4) culturally reviewed audio, visu-
als, terminology, and narratives co-developed with teachers, musicians, artists, and
cultural experts; (5) iterative, task-based testing of aural, rhythm, instrument-sim-
ulation, collaborative, and quest activities; and (6) school-level planning for sched-
uling, technical support, maintenance, and financing. EduLaras Virtual Museum is
intended to complement, not replace, physical instruments, teachers, musicians,
and local cultural practices. The high SUS score supports advancing to independent
usability and small-scale classroom feasibility testing. However, the FC and OEQ
findings highlight the institutional, pedagogical, technical, and cultural conditions
that must be addressed before scaling up.
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