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Although 3D modeling is increasingly promoted in technical and vocational
education and training (TVET) teacher education, evidence on vocational
pre-service teachers’ 3D modeling knowledge remains limited. Evidence on
how this knowledge shapes their intention to use the tools in future teaching
is also scarce. This study examined the relationships among 3D modeling
knowledge (K3DM), perceived usefulness (PU), and behavioral intention
(BI) to use the technology in vocational teacher education. Survey data were
collected through purposive sampling from 157 vocational pre-service
teachers across 13 teacher education institutions in Indonesia. The data were
analyzed using descriptive statistics and covariance-based structural
equation modeling (CB-SEM). Confirmatory factor analysis (CFA) indicated
acceptable measurement properties, Chi-square (¥*) (101)=191.081,
p<0.001, comparative fit index (CFI)=0.966, Tucker—-Lewis index
(TLD)=0.960, root mean square error of approximation (RMSEA)=0.075,
and standardized root mean square residual (SRMR)=0.036. The structural
model also showed good fit. The results revealed that K3DM positively
predicted both PU and BI. However, PU did not significantly predict BI, and
the indirect effect of K3DM on BI through PU was not supported. These
findings reveal that in vocational teacher education, strengthening
pre-service teachers’ modeling competence and task readiness is more
important than emphasizing PU alone. This is particularly important when
preparing them to integrate 3D modeling into instruction. The study
highlights the educational significance of embedding hands-on 3D modeling
experiences into teacher preparation programs to better equip future
vocational teachers for technology-integrated instruction.
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1. INTRODUCTION

Technical and vocational education and training (TVET) is widely recognized as a strategic sector
for strengthening human capital, supporting inclusive socio-economic development, and reducing
unemployment [1], [2]. In many developing countries, vocational education is positioned as a practical
pathway to mitigate skills mismatches that constrain growth [3]-[5]. At the same time, rapid technological
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change and Industry 4.0 pressures require vocational education to continuously update curricula so learners
gain relevant digital and technological competencies [6]. To respond to digitalization and Industry 4.0
demands, reinforcing the strategic importance of strengthening technology-related competencies in
vocational pathways [7]. Accordingly, strengthening TVET is increasingly framed as an urgent global
priority for both economic resilience and workforce transformation.

Preparing future vocational teachers requires not only pedagogical knowledge but also technical
skills aligned with contemporary industrial tools and workflows [8]. One important technical capability is
3D modeling, which supports engineering drawing, visualization, and design-based learning across many
vocational fields [9]. Evidence from teacher-education-oriented studies reveals that engaging pre-service
teachers in 3D modeling and related digital fabrication activities can strengthen technical understanding and
learning design capacity [10]. However, studies on implementing Shapr3D as computer-aided design (CAD)
software in vocational pre-service teacher education remain limited [11].

Perceived usefulness (PU) and behavioral intention (BI) are commonly theorized as key
psychological mechanisms in technology acceptance research. In the technology acceptance model (TAM),
PU reflects the extent to which users believe a system enhances performance, and it is expected to increase
intention to use the system [12]. Relatedly, in broader acceptance frameworks such as unified theory of
acceptance and use of technology (UTAUT), users’ performance-related expectations are proposed as
important predictors of BI [13]. Usefulness beliefs help explain whether teachers and pre-service teachers
intend to adopt new tools for learning and instruction. Therefore, linking 3D modeling knowledge with PU
and intention offers a grounded way to understand technology uptake in vocational teacher education.

Prior research has rarely examined an integrated pathway model that connects 3D modeling
knowledge (K3DM), PU, and intention within vocational pre-service teacher education. This limitation is
particularly salient for Shapr3D as CAD software, as existing Shapr3D-related research is still emerging and
has not yet been widely integrated into TAM in vocational teacher education settings [14]. In addition,
technology acceptance theory suggests usefulness should matter for intention, yet the strength of this
mechanism may vary by context and by the extent to which competence directly drives readiness to adopt. To
address this gap, the present study examined the relationships among K3DM, PU, and BI to use the
technology in vocational teacher education. This study provides a new contribution by exploring how K3DM,
PU, and BI relate to one another within a single structural model in a Shapr3D-based vocational teacher
education setting. It extends prior research by focusing on domain-specific competence as a driver of
technology adoption among vocational pre-service teachers rather than examining general technology
acceptance alone. Guided by this rationale, the study formulates the following research questions:

— RQI1: What are pre-service teachers’ perceived levels of K3DM, PU, and BI to use the technology in
education?

— RQ2: To what extent does K3DM predict PU and BI in the structural model?

— RQ3: Does PU mediate the relationship between K3DM and BI?

In the following section, we shall summarize the literature relevant to the current research study and present

our research model and a series of hypotheses regarding potential findings.

2. LITERATURE REVIEW
2.1. 3D modeling in engineering drawing

Vocational education is increasingly expected to prepare learners for technology-rich workplaces
that require advanced digital competencies [15]. Within this shift, 3D modeling is commonly positioned as
a foundational skill that supports digital design, prototyping, and communication of technical ideas [16].
3D modeling knowledge supports design and communication tasks in technical and engineering work [17].
Empirical work in technology and vocational-related education shows that 3D modeling activities can
strengthen learners’ design thinking and spatial reasoning through iterative visualization and refinement.
Evidence from technical and vocational contexts also suggests that combining 3D modeling with 3D printing
can enhance hands-on learning by linking abstract designs to tangible outputs [18]. Collectively, these studies
indicate that 3D modeling is not only a software-related skill but also a pedagogical pathway for developing
applied technical reasoning within the vocational education framework.

In vocational teacher education, pre-service teachers’ capability to use and teach digital design tools
is frequently framed as a prerequisite for effective technology integration in workshops and classrooms.
Engineering drawing and related subjects particularly benefit from 3D modeling because it supports the
transition between 3D representations and conventional technical documentation practices [10]. Recent work
in technology-related education also highlights that structured modeling activities can foster learners’
conceptual understanding and representation competence [19], which are relevant to future teachers who
must scaffold students’ modeling processes. However, the current evidence base tends to emphasize broad
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CAD or modeling ecosystems rather than systematically examining specific emerging platforms used in
training contexts. Accordingly, this study is positioned to extend prior TVET-focused modeling research by
examining K3DM developed through Shapr3D and linking it to downstream acceptance-related outcomes.

2.2. Perceived technology usefulness in education

In the TAM, PU is theorized to influence BI, typically operating alongside perceived ease of use as
key cognitive determinants of adoption [12]. In broader acceptance frameworks, PU aligns conceptually with
performance expectancy, which similarly predicts intention when users expect meaningful gains from using
a technology [13]. Across technology acceptance studies, PU is generally one of the most robust predictors in
TAM-based models [20], although effect sizes vary by population and context. In educational settings,
usefulness judgments often reflect whether a tool is seen as improving learning effectiveness, teaching
efficiency, or instructional quality [21].

In teacher education contexts, PU is especially salient because teachers evaluate technologies not
only for personal productivity but also for pedagogical value and classroom feasibility. For modeling-
oriented tools, usefulness perceptions can be shaped by how well the tool supports visualization, design
iteration, and communication of technical ideas, which are core aims in engineering drawing and vocational
learning [22], [23]. When learners already possess strong domain competence, usefulness ratings may
become uniformly high, potentially weakening usefulness’s ability to explain variation in intention [24].
Conversely, if competence is still developing, PU may play a stronger explanatory role by signaling that the
effort invested in learning the tool is worthwhile. Therefore, a key gap remains in clarifying how PU operates
specifically for vocational pre-service teachers learning 3D modeling through Shapr3D, where competence
and perceived value may interact in distinct ways.

2.3. Behavioral intention of technology use

The technology acceptance research as a proximal determinant of actual use, capturing an
individual’s readiness to adopt and enact a technology-related behavior [25]. In TAM, intention is directly
predicted by PU, reflecting the assumption that users adopt tools they expect to be beneficial [12].
In UTAUT, BI is similarly explained by performance expectancy, effort expectancy, social influence, and
facilitating conditions, depending on the model specification and context [13]. In education, intention is
commonly interpreted as teachers’ willingness to integrate technology into planning and instruction, a critical
precursor to classroom-level implementation [19]. Empirical syntheses indicate that intention is influenced
not only by PU but also by capability-related beliefs and contextual supports, which can alter the strength of
the usefulness—intention link.

For vocational pre-service teachers, intention to use 3D modeling tools may be shaped by the extent
to which modeling knowledge translates into confidence and perceived instructional feasibility. Technical
competence can function as a direct driver of intention when users feel able to execute tasks [26]. At the
same time, modeling- and prototyping-oriented learning environments may heighten intention when learners
experience clear performance benefits from the technology [27]. Evidence from technical and vocational
learning indicates that design-to-production experiences can strengthen motivation to continue using such
tools, suggesting that intention may grow from hands-on success experiences [28]. Nevertheless, limited
research has explicitly tested an integrated pathway linking Shapr3D-based K3DM, PU, and BI among
vocational pre-service teachers, a specific empirical gap this study addresses.

2.4. Research model and hypotheses

The proposed research model conceptualizes K3DM as a core capability that shapes vocational
pre-service teachers’ beliefs and intentions regarding the use of 3D modeling technology for teaching and
learning. From an adoption-theory perspective, PU serves as a proximal cognitive belief that explains why
individuals develop a BI to use a technology [12]. Prior research in teacher education and educational
technology likewise indicates that PU can predict intention, including among pre-service teachers, although
the magnitude of this relationship may vary across contexts and depending on other predictors included in the
model [29]. At the same time, competence-related factors such as knowledge and skill can influence adoption
by strengthening individuals’ perceived capability to successfully perform required tasks, thereby supporting
readiness to act [30]. Accordingly, the model specifies K3DM as an antecedent of both PU and BI, and tests
whether PU serves as an explanatory pathway through which K3DM translates into intention to use
3D modeling technology in educational practice, as shown in Figure 1. Based on the rationale, the study
hypothesizes that: i) K3DM positively predicts PU of Shapr3D-based 3D modeling for learning and teaching
(H1); ii) PU positively predicts BI to use the technology in education (H2); iii) K3DM positively predicts BI
to use the technology in education (H3); and iv) PU mediates the relationship between K3DM and BI (H4).
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Figure 1. Proposed research model of the study

3. METHOD
3.1. Participants

This study employed a quantitative survey design. Participants were pre-service vocational teachers
in Indonesia who were purposively selected for a Shapr3D-based 3D modeling training. A purposive
sampling strategy was used because the study required respondents with direct experience of the focal
technology and training context. A total of 157 respondents completed the survey, with a mean age of
20.99 years. This sample size was considered acceptable for structural equation modeling (SEM), particularly
given the relatively parsimonious model with three latent constructs and 16 observed indicators [31]. Prior
guidance indicates that samples around 100 can be sufficient in well-measured models [32]. Table 1
summarizes their demographic characteristics, including gender, year of study, vocational subject area, and
place of residence. Participants were drawn from 13 teacher education institutions and multiple vocational
subject areas, supporting the sample’s relevance to vocational pre-service teacher education in Indonesia.
Nevertheless, the findings should be generalized with caution.

Table 1. Participant demographics

Variables Category Frequency (n)  Percentage (%)
Gender Male 132 84
Female 25 16
Year of study Ist year 27 17
2nd year 42 27
3rd year 17 11
4th year 71 45
Vocational subject area ~ Automotive engineering 76 48
Electrical engineering 9 6
Machining engineering 72 46
Residence Rural 104 66
Urban 53 34

3.2. Procedures

This study received ethical approval from the Faculty of Engineering, Universitas Negeri Semarang,
Indonesia (Approval No. B/5181/UN37.1.5/KP.15/2025). The study was implemented as part of a vocational
teacher development program (VTDP) focused on 3D modeling, specifically using Shapr3D. The program
was delivered in a structured hybrid format, combining on-site training sessions with online learning activities.

During the program, participants were introduced to Shapr3D as a new 3D modeling tool. Shapr3D
was selected because it offers accessible educational licensing, a range of visualization features, and support
for collaborative teamwork. In addition, its compatibility with tablet-based workflows (e.g., an iPad) enables
flexible modeling practices aligned with contemporary digital learning environments. The training was
delivered in four sessions (a total of 32 hours) focusing on 3D modeling for engineering drawing using
Shapr3D. Across the sessions, participants received guided demonstrations and hands-on practice on core
modeling operations and workflow strategies relevant to engineering drawing tasks. As the main performance
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task, participants designed a 3D model intended as learning media for an orthographic projection assignment,
and translated it into standard multi-view representations. The training outputs, therefore, included
a completed Shapr3D model file and an orthographic projection task artifact aligned with the instructional
objectives of engineering drawing. Figure 2 shows participants engaged in 3D modeling using Shapr3D to
create an orthographic projection.
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Figure 2. Sample of a 3D orthographic projection model created by participants

3.3. Instruments

Data for this study were collected using a self-administered online survey distributed via Google
Forms. The survey consisted of three sections. The first section included an informed consent statement
confirming that participants agreed to participate in the study and that their participation was voluntary.
The second section gathered participants’ demographic information. The third section assessed perceptions of
K3DM, PU, and BI. All items were rated on a 7-point Likert scale ranging from 1 (strongly disagree) to 7
(strongly agree). The complete questionnaire is available in Table 2.

K3DM was defined and operationalized as pre-service teachers’ self-perceived competence in core
Shapr3D modeling workflows required for engineering drawing tasks, including creating models, saving or
exporting designs, and generating orthographic projection working drawings. This approach is consistent
with prior work that measures 3D modeling capability through perceived competence in modeling operations
and task performance, and with studies that positioning 3DMP knowledge as a relevant foundation for
technology-related outcomes in learning contexts [33], [34].

Table 2. Questionnaire of the study

Variables  Item (code) Questions
K3DM K3DM1 I understand how to create 3D designs using Shapr3D.
K3DM2 T understand how to save 3D modeling designs in various formats using Shapr3D.

K3DM3 T know the basic ways to produce technical drawings using Shapr3D software.
K3DM4 I know how to create blueprint/working drawings by converting 3D models into 2D using Shapr3D.
K3DMS5 1 know the procedures for creating orthographic projection working drawings using Shapr3D software.

PU PU1 Digital drawing with Shapr3D will improve my learning performance.
PU2 Digital drawing with Shapr3D will increase my academic productivity.
PU3 Digital drawing with Shapr3D can make it easier for me to learn course material.
PU4 Digital drawing with Shapr3D will enhance learning effectiveness.
PUS I find that digital drawing with Shapr3D is very useful.
BI BI1 T intend to use Shapr3D-based 3D modeling activities in my teaching in the future.
BI2 I plan to integrate Shapr3D when teaching 3D modeling and technical drawing topics.
BI3 I expect to design learning tasks that use Shapr3D to develop students’ 3D modeling skills.
BI4 If given the opportunity, I will use Shapr3D to support students’ learning about 3D models and their
representations.
BIS I am likely to rely on Shapr3D to help students visualize and understand 3D objects in learning activities.
BI6 I will frequently use Shapr3D when preparing 3D modeling instructional materials in the future.
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Moreover, the survey items were developed by adapting validated measures from previous studies to
fit the context of Shapr3D-based 3D modeling in engineering drawing. Minor wording modifications were
made to ensure contextual relevance for vocational pre-service teachers, while retaining the original construct
meanings. PU in this study was measured using five items adapted and contextualized from the TAM-based
questionnaire. Additionally, the BI items were adapted from prior technology adoption frameworks,
particularly the TAM and the UTAUT. To ensure linguistic accuracy and conceptual equivalence,
the instrument was translated into Bahasa Indonesia through a forward—backward translation process.
The translated version was then evaluated by three experts in educational measurement, engineering
education, and vocational teacher training to examine item clarity, contextual appropriateness, and content
relevance. This development and review process was undertaken to strengthen the instrument’s content
validity and contextual suitability prior to data collection.

3.4. Data analysis

Quantitative analyses were conducted using IBM SPSS Statistics (version 30) and Mplus
(version 9). Descriptive statistics were computed to summarize participants’ demographic characteristics,
including age, gender, vocational subject area, year of study, and place of residence. In addition, SEM was
carried out in Mplus 9 to examine both the measurement and structural components of the proposed model.
A two-step SEM procedure was applied. First, confirmatory factor analysis (CFA) was conducted to evaluate
the measurement model, including indicator loadings, construct validity, and reliability. Second, the
structural model was tested to examine the hypothesized relationships among K3DM, PU, and BI. Overall
model fit was assessed using commonly recommended criteria: comparative fit index (CFI) and Tucker—
Lewis index (TLI)>0.90, root mean square error of approximation (RMSEA)<0.08, and standardized root
mean square residual (SRMR)<0.08 [35]. Internal consistency reliability was evaluated using Cronbach’s
alpha, with values of 0.70 or higher interpreted as acceptable [36]. Convergent validity and construct
reliability were further assessed using composite reliability (CR) and average variance extracted (AVE), with
CR>0.70 and AVE>0.50 indicating adequate reliability and convergent validity [36].

4. RESULTS

The following sections report the results in relation to the research questions. First, they present
participants’ perceived levels of K3DM, PU, and BI. Second, they report the assessment of the measurement
model. Third, they present the evidence of validity and reliability. Fourth, they report the assessment of the
structural model. The results are summarized in tables and figures with accompanying explanations.

4.1. Pre-service vocational teachers’ perceived levels in K3DM, PU, and BI

The descriptive statistics indicate consistently high perceptions across all three constructs, as shown
in Table 3. The mean score for K3DM was M=6.01 (SD=1.037), suggesting that vocational pre-service
teachers generally perceived themselves as knowledgeable and capable in 3D modeling. PU showed the
highest average rating, M=6.24 (SD=0.915), indicating that most participants viewed the technology as
highly useful for educational purposes. The relatively lower standard deviation (SD) for PU also suggests
greater agreement among participants about the technology’s value. BI was similarly high, M=6.05
(SD=1.014), suggesting that participants reported a strong intention to use the technology in educational
contexts. Overall, the combination of high means and moderate variability suggests that participants held
positive perceptions of 3D modeling knowledge, usefulness, and adoption intention, with PU being the most
consistently endorsed dimension.

Table 3. Descriptive statistics of perceived K3DM, PU, and BI
Variables Mean SD
K3DM 6.01 1.037
PU 6.24 0915
BI 6.05 1.014

4.2. Measurement model

The assessment of the three-factor CFA measurement model showed acceptable-to-good overall fit
for the full sample (N=157), with Chi-square (¥*) (101)=191.081, p<0.001, CFI=0.966, TLI=0.960,
RMSEA=0.075 (90% CI [0.059, 0.092]), and SRMR=0.036. All indicators loaded positively and
significantly on their intended factors (p<0.001), and standardized loadings were strong overall, ranging from
0.825-0.932 for K3DM, 0.899-0.946 for PU, and 0.688-0.936 for BI (with BI6 the lowest at 0.688),
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supporting convergent validity. Item explained variance (R?) was largely substantial (K3DM: 0.680-0.868;
PU: 0.808-0.894; BI: 0.473-0.877), indicating that the latent factors accounted for a meaningful proportion
of variance in the observed indicators. Latent correlations were positive and significant, with K3DM-PU
r=0.634 (p<0.001), BI-K3DM r=0.388 (p<0.001), and BI-PU r=0.285 (p<0.001), suggesting related but
empirically distinguishable constructs and supporting the adequacy of the measurement model for subsequent
structural analyses. Standardized factor loadings (SFL) and the measurement model are presented in Figure 3.

K3DM1

i

- > 0.932 K3DM2
/ N 921
‘\ K3DM | 82 K3DM3
/
' aro >_KeDM4 )
“~_ _~ > 870 K3DM4
K3DM5
0.634
PU1
-~ 0.946
re ~ P
/ \ 0.901 u2
0.388 i PU ! .899 PU3
/ 0.907.
- = 0.92
PU5
0.285
B
BI2
BI3
Bl4

Figure 3. Measurement model of K3DM, PU, and BI

4.3. Validity and reliability criteria

The validity and reliability of the study constructs were evaluated using SFL to assess construct
validity and Cronbach’s alpha (o) to examine internal consistency. Consistent with previous study [37], SFL
values above 0.50 indicate adequate convergent validity at the item level. As shown in Table 4, all indicators
for the three constructs, K3DM, PU, and BI, exceeded the 0.50 threshold, supporting satisfactory construct
validity. For K3DM, standardized loadings ranged from 0.825 to 0.932, indicating strong convergence of the
five knowledge items on the latent construct. PU items showed very strong loadings overall, ranging from
0.899 to 0.946, suggesting that the PU indicators consistently capture the same underlying perception. The BI
construct also demonstrated generally strong item validity, with loadings ranging from 0.688 to 0.936;
although BI6 was the weakest indicator (0.688), it still met the recommended minimum and therefore
remains acceptable.

Internal consistency reliability was assessed using Cronbach’s alpha, with values>0.70 commonly
interpreted as good reliability [36], [38]. The results indicate excellent reliability for all constructs:
K3DM (0=0.945), PU (0=0.962), and BI (0=0.939). These high alpha coefficients suggest that the items
within each construct are highly consistent and measure the same underlying concept. Overall, the combined
evidence from strong SFL and excellent Cronbach’s alpha values indicates that the measurement model
demonstrates robust construct validity and internal consistency, providing a solid foundation for subsequent
structural analyses.
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Table 4. Construct, items, SFL range, o, CR, and AVE values based on dimensions in the structural model
Variables Item SFL o CR AVE
K3DM 0.945 0945 0.774
K3DM1 0.932
K3DM2 0.921
K3DM3 0.825
K3DM4 0.836
K3DM5 0.879

PU 0962 0963 0.838
PU1 0.946
PU2 0.901
PU3 0.899
PU4 0.907
PUS 0.922
BI 0939 0942 0.732
BI1 0.788
BI2 0914
BI3 0.936
BI4 0.883
BI5 0.899
BI6 0.688

Note: a=Cronbach’s alpha (internal consistency)

4.4. Structural model assessment

The structural analysis indicates that the model is primarily driven by K3DM’s effects on the
downstream variables, as shown in Figure 4. Two of the four hypothesized effects were supported, showing
a consistent pattern in which K3DM functions as the key explanatory construct. Specifically, K3DM had
a strong positive effect on PU (H1: p=0.584, p<0.001), suggesting that higher competence/knowledge in 3D
modeling is associated with stronger judgments that the technology or approach is useful. In addition, K3DM
showed a significant direct positive effect on BI (H3: p=0.310, p=0.001), suggesting that participants’
technical knowledge may translate into an intention to use the related system or approach, even without
relying on intermediate attitudinal mechanisms. The majority of supported paths (H1 and H3) provide
a coherent theoretical logic: greater domain knowledge likely increases users’ confidence, perceived
feasibility, and readiness to adopt the practice, thereby elevating both PU and BI through a more “capability-
driven” adoption process.
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Figure 4. The structural model of this study
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In contrast, the paths involving PU as a mediator were rejected, as shown in Table 5. The direct
effect of PU on BI was not significant (H2: p=0.063, p=0.528), and consequently the indirect effect of K3DM
on BI through PU was also not supported (H4: f=0.037, p=0.529). A plausible explanation is that, in this
sample, intention is shaped more by competence and familiarity (K3DM) than by evaluative beliefs about
PU, meaning that usefulness perceptions may be uniformly high and therefore provide limited variance to
predict BI. Furthermore, another possibility is that BI is influenced by omitted adoption factors, which could
suppress the unique predictive contribution of PU once K3DM is included. Overall, the rejected paths
suggest that while participants recognize usefulness, this recognition alone does not reliably translate into
intention in this model; instead, intention appears to be explained more directly by participants’ underlying
3D modeling knowledge.

Table 5. Path analysis and hypothesis testing

Hypothesis Structural path Estimate () S.E.  Est./S.E. p-value  Conclusion
Direct effect
Hl K3DM—PU (+) 0.584 0.065 9.046 0.000***  Supported
H2 PU—BI (+) 0.063 0.099 0.631 0.528 Rejected
H3 K3DM—BI (+) 0.31 0.095 3.277 0.001** Supported
Indirect effect
H4 K3DM—PU—BI (+) 0.037 0.058 0.63 0.529 Rejected

Note: estimate (B)=standardized path coefficient; S.E.=standard error; Est./S.E.=critical ratio (z-value) obtained
by dividing the estimate by its standard error; p-value=statistical significance level (two-tailed).

5.  DISCUSSION

The present study investigated the relationships among K3DM, PU, and BI to use Shapr3D-based
3D modeling in vocational teacher education. It also described pre-service teachers’ perceived levels of
K3DM, PU, and BI as an initial indicator of their readiness to adopt the technology. In what follows, the
findings will be discussed in relation to prior research on K3DM, PU, and technology use intention in
educational settings. The evidence offers a rationale for targeted interventions and provides an updated
perspective on integrating Shapr3D into 3D modeling instruction for vocational pre-service teachers. The
research conclude by highlighting the implications for theory and practice, along with study limitations and
directions for future research.

5.1. Pre-service teachers’ perceived levels of K3DM, PU, and BI

Participants expressed uniformly positive perceptions across K3DM, PU, and BI. This result
suggests a strong readiness to engage in Shapr3D-supported modeling tasks in educational settings. This
pattern is plausible in a structured training context, where guided practice and timely feedback can help
participants consolidate procedural competence and translate early mastery experiences into favorable
appraisals of value and continued use [26]. In such conditions, attitudes and intentions often rise together
because capability is being built alongside clear task relevance [18].

The construct with the highest mean was PU, and its relatively smaller dispersion indicates greater
agreement among participants about the value of Shapr3D for learning and teaching. In TAM terms, high PU
reflects a shared belief that the tool improves performance and learning effectiveness, which is commonly
observed when a technology is perceived as directly supporting task goals [12]. At the same time, high mean
levels can also imply restricted variance, which may reduce the predictive power of PU for downstream
outcomes in structural models [37]. From a TVET perspective, strong endorsements of usefulness and
intention are encouraging, as digital competence is increasingly positioned as a key requirement for
vocational pathways under Industry 4.0 pressures. This result indicates a favorable baseline for adoption,
with the caveat that very positive ratings may partly reflect self-selection into the training program.

5.2. The relationship between K3DM, PU, and BI in the structural model and the mediation effect

The structural results indicate that 3D modeling knowledge is the central explanatory factor in the
proposed pathway. Specifically, stronger 3D modeling knowledge was associated with higher PU of Shapr3D
for educational purposes, suggesting that participants who feel more competent in modeling workflows are
better able to recognize how the tool can enhance learning and teaching outcomes. This pattern is
theoretically consistent with the view that mastery experiences and capability beliefs shape how individuals
evaluate task-related tools, since competent users can more readily anticipate performance gains and
instructional value [30], [38], [39]. Evidence from teacher-focused technology acceptance research also
suggests that competence-related antecedents often function as enabling conditions that strengthen favorable
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appraisals and reduce uncertainty about implementation in authentic instructional contexts [40], [41].
The findings support a capability-to-belief link, in which modeling knowledge serves as an important
foundation for perceiving Shapr3D as useful within vocational teacher education.

In addition, 3D modeling knowledge showed a direct positive association with BI, even when PU
was included in the model. This finding suggests that 3D modeling competence directly drives technology
adoption by enhancing users’ confidence, perceived feasibility, and readiness to implement Shapr3D in
authentic instructional contexts. This pattern is theoretically plausible because stronger perceived capability
and control can translate into greater readiness to act and lower implementation uncertainty, which are central
determinants of intention in teacher technology adoption research [42]. Building on evidence that learners’
knowledge can shape BI through intervening psychological processes [43], our study examines whether
3D modeling knowledge predicts technology use intention among vocational pre-service teachers via PU.
It also aligns with broader adoption frameworks suggesting that intention is shaped not only by evaluative
beliefs such as usefulness, but also by feasibility-related conditions and perceived control that make
technology use feel manageable in authentic instructional contexts [44], [45]. In contrast, PU did not
uniquely predict Bl in this model, which is consistent with evidence that the strength of TAM pathways
varies across educational settings and model specifications, and that competence-related predictors can
absorb variance that might otherwise be attributed to usefulness [19], [41]. In competence-rich learning
environments, PU may not always translate into BI. Once users have developed sufficient task competence,
intention is more likely to be shaped by confidence, familiarity, and readiness to apply the technology than
by usefulness judgments alone. The supported paths from 3D modeling knowledge to PU and BI point to a
capability-driven adoption pattern, in which growing competence simultaneously strengthens value
appraisals and willingness to continue use.

Compared with much of the existing literature, this study found that the indirect effect of
3D modeling knowledge on intention through PU was not significant for Shapr3D adoption. In terms of PU,
prior studies commonly report that PU has a direct, positive effect on intention to use CAD tools [46].
Notwithstanding, a few studies have shown that PU is not always a significant predictor of BI in CAD or
building information modeling (BIM) related software adoption contexts [47], [48]. Wang et al. [49] argue
that when PU does not significantly predict BI, it may signal that reluctance toward adopting new
technologies has become less salient than in earlier phases of technology diffusion. Consistent with this
interpretation, PU has also been reported as a comparatively weak determinant of students’ intentions to use
YouTube for procedural learning [50]. Furthermore, drawing 3D models using Shapr3D was the participants’
first experience. In this situation, participants are still in an initial exploration phase, where judgments about
“usefulness” tend to be tentative and impression-based, because they have not yet had sufficient opportunities
to verify whether the software genuinely improves their teaching workflow, saves time, or enhances learning
outcomes in real classroom settings. In such circumstances, when the use is still trial-oriented and capability-
building, BI is often shaped more by immediate factors, such as confidence in performing the tasks,
perceived difficulty, and whether they feel able to reproduce the same results independently, rather than by
PU as a general belief. As a result, even if participants agree that Shapr3D is useful in principle, that
agreement may not translate into a stronger intention to continue using it until usefulness is confirmed
through repeated practice and authentic instructional implementation. Thus, future research should continue,
particularly through follow-up measurements after participants have gained more experience and had the
chance to integrate Shapr3D into actual teaching activities.

Teacher education programs can implement these findings by organizing 3D modeling instruction in
stages, from basic operations to orthographic projection tasks and lesson design. They can also include
microteaching and project-based assignments that help pre-service teachers apply Shapr3D in classroom-
related tasks. In addition, formative feedback, peer discussion, and revision opportunities may strengthen
both technical mastery and readiness to use the technology in future teaching. For teacher education
institutions, this means that Shapr3D training should not be treated as a stand-alone software workshop, but
as an integrated component of vocational pedagogy. The development programs connect digital modeling
competence with instructional design and classroom implementation.

5.3. Theoretical contribution

This study extends the TAM by showing that technology adoption in vocational teacher education is
not driven only by PU, but also by domain-specific technical competence. In the Shapr3D-based training
context, 3D modeling knowledge directly predicted both PU and BI, whereas PU did not significantly predict
intention. This finding refines TAM by identifying a capability-driven adoption pathway, where pre-service
teachers’ readiness to use digital modeling tools depends strongly on their ability to perform authentic
modeling tasks. Vocational technology acceptance should account for users’ technical knowledge, task
readiness, and instructional application capacity [12], [19], [30], [40], [42].
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5.4. Implications

The findings offer several implications for vocational teacher education practice. First, the
consistently high perceived levels of 3D modeling knowledge, PU, and BI suggest that structured
Shapr3D-based training can be positioned as an effective entry point for strengthening pre-service teachers’
readiness to adopt 3D modeling in teaching. Vocational teacher education programs should therefore design
training activities that prioritize hands-on modeling practice, authentic problem-solving tasks, and repeated
opportunities to apply 3D modeling in instructional contexts. Program designers may therefore prioritize
hands-on modeling tasks that directly connect technical skills to authentic vocational teaching scenarios, such
as producing 3D representations for orthographic projection, interpreting engineering drawings, or product
prototyping. Because the supported direct pathway from 3D modeling knowledge to BI indicates
a capability-driven adoption pattern, instructional designs should emphasize mastery experiences, progressive
task difficulty, and frequent feedback to build confidence and sustained engagement. In addition, training
should be structured to help pre-service teachers move from technical operation toward pedagogical
application. For example, this can be achieved by integrating lesson design tasks, classroom-oriented
projects, and reflection on how 3D modeling can support student learning. In addition, teacher educators can
embed collaborative modeling workflows and classroom-oriented assignments to help pre-service teachers
translate individual competence into instructional practice. Finally, these results support integrating Shapr3D
not only as software training but also as a pedagogical tool, with learning outcomes that include both
technical proficiency and instructional planning skills aligned with vocational education needs.

From a theoretical and research perspective, the results imply that technology acceptance in TVET
teacher education may not always operate primarily through PU, especially when users already report high
usefulness beliefs. The non-significant indirect effect suggests that competence-related variables, such as
domain knowledge, can function as a more proximal determinant of intention in contexts where PU is
relatively homogeneous or where intention is shaped by other adoption factors not included in the current
model. Future studies should therefore extend the model by incorporating constructs that capture effort or
usability beliefs, social influence, facilitating conditions, and self-efficacy to clarify when and why
usefulness translates into intention for vocational pre-service teachers. Methodologically, the unequal gender
group sizes in the multigroup analysis highlight the need for more balanced samples or alternative analytic
strategies before drawing strong conclusions about gender differences. More broadly, the study positions
Shapr3D-based 3D modeling knowledge as a meaningful capability construct in vocational education
contexts and encourages further research to test whether strengthening this capability also predicts
downstream outcomes such as instructional quality, classroom implementation, and student learning gains.

5.5. Limitations

This study has several limitations that should be considered when interpreting the findings. First,
the sample was obtained through purposive sampling and included only pre-service vocational teachers who
participated in Shapr3D training, which may limit generalizability to other populations, institutions,
or contexts where exposure to 3D modeling is lower. Second, the data relied on self-administered measures,
which are susceptible to common method bias and social desirability effects, and the high mean scores
suggest possible ceiling effects that may have reduced variability, particularly for PU, thereby weakening its
ability to predict BI. Because all focal constructs were measured using the same self-report instrument at
a single point in time, the results should be interpreted with appropriate caution regarding potential common
method variance. Third, the cross-sectional design does not allow causal inference or examination of how
knowledge, beliefs, and intention develop over time, so longitudinal or pre-post designs would be needed to
evaluate change attributable to training. Fourth, the multigroup analysis by gender was constrained by a very
small female subsample relative to the male group, which can reduce parameter stability and limit confidence
in gender-based comparisons. Finally, the structural model included only three constructs, so other
potentially influential adoption determinants, such as perceived ease of use or effort expectancy, facilitating
conditions, social influence, and self-efficacy, were not examined and may account for additional variance in
BI beyond the pathways tested.

6. CONCLUSION

This study examined how vocational pre-service teachers’ K3DM relates to PU and BI to use
Shapr3D in educational practice. The findings showed high perceived levels of K3DM, PU, and BI. In the
structural model, K3DM significantly predicted both PU and BI, whereas PU did not significantly predict BI
and did not mediate the relationship between K3DM and BI. These results suggest a capability-driven
adoption pattern, in which early intention to use Shapr3D is shaped more by competence and task readiness
than by usefulness beliefs alone. The findings extend technology acceptance research in vocational teacher

Int J Eval & Res Educ, Vol. 15, No. 5, October 2026: 4306-4320



Int J Eval & Res Educ ISSN: 2252-8822 O 4317

education by highlighting the role of domain-specific competence as a proximal determinant of intention.
In practice, vocational teacher education programs should prioritize structured, hands-on modeling practice,
authentic problem-solving tasks, progressive scaffolding, and classroom-oriented design activities to help
pre-service teachers translate technical competence into instructional use of 3D modeling technologies.

The use of purposive sampling and the inclusion of only participants who completed the
Shapr3D-based training may limit generalizability to other teacher populations and educational contexts.
In addition, reliance on self-report measures raises the possibility of common-method bias, social desirability
effects, and ceiling effects, particularly for PU. The cross-sectional design also prevents causal inference and
does not capture how knowledge, beliefs, and intentions may develop over time. Furthermore, the structural
model included only three constructs, and the multigroup comparison by gender was constrained by unequal
group sizes. Future research should therefore use longitudinal or pre-post designs, include broader and more
balanced samples across institutions and teacher groups, and extend the model by incorporating variables
such as perceived ease of use, self-efficacy, facilitating conditions, and social influence. Further studies
should also examine whether Shapr3D-based 3D modeling knowledge predicts downstream outcomes such
as classroom implementation, instructional quality, and student learning gains.
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