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Although VR has been widely introduced in vocational and engineering education, its
25 May 2026 empirical contribution to strengthening industry-based design skills in building
) . construction learning remains limited. Most previous studies have emphasized VR as
Final Revision: a visualization tool, while its role in supporting simulation-based design
experimentation is still underexplored. The rapid advancement of immersive
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technology has reshaped vocational education, emphasizing the need for effective
learning strategies to enhance industry-based design skills. Virtual Reality (VR) offers
an immersive, interactive environment that bridges academic learning and industry
10 August 2026 requirements. This study aims to the effectiveness of VR simulation media in building
construction for improving design skills. A quasi-experimental pretest—posttest design
was used involving 84 students from the Civil Engineering and Planning Education
Study Program, Yogyakarta State University, divided into experimental and control
groups of 42 students each. Data were collected through observation, tests, and
portfolio assessments based on VR simulation activities, and analyzed using a t-test.
The results show that the use of VR-based building construction simulation media in
construction design courses was effective in enhancing students’ design competencies,
which was confirmed by the t-test analysis results (sig. < 0.05). These findings are
significant because they show that VR simulation can function not only as an
immersive visualization medium, but also as a pedagogical strategy for supporting
design experimentation and developing construction design competencies aligned with
industry needs.
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INTRODUCTION
The rapid development of immersive technology has transformed the paradigm of vocational
education by providing interactive, learner-centered, and practice-oriented learning environments that

can support the development of vocational design skills (Kim et al., 2025). In vocational education,
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students are expected to develop occupationally relevant competencies that integrate conceptual
knowledge, procedural skills, technical accuracy, problem-solving ability, and the capacity to transfer
knowledge, skills, and professional attitudes between educational and workplace contexts (Schaap et al.,
2012). In the construction sector, these competencies are reflected in students’ ability to understand
building components, interpret spatial relationships, translate design concepts into accurate technical
drawings, evaluate construction feasibility, identify potential design problems, and communicate design
ideas in accordance with professional and industry practices (Kandi et al., 2020). Therefore, industry-
based building construction design skills in this study are defined as students’ ability to generate,
visualize, evaluate, and refine building construction designs by applying technical construction
knowledge, spatial reasoning, accuracy, and problem-solving processes relevant to construction
workplace standards. Within the context of vocational education in the construction sector, mastering
design skills that align with the needs of the world of work is a fundamental competency, enabling
graduates to compete effectively in the global job market (Daryono et al., 2023; Jacobs, 2019; Oroh et
al., 2023). This skill includes not only a theoretical understanding of building structures but also practical
skills for transforming concepts into functional, technical, and precise building designs. However, these
industry-based design skills are not yet comprehensively developed among vocational students.

Many students still experience difficulties in visualizing three-dimensional building structures,
understanding the relationship between structural elements, estimating scale and proportion, and
converting conceptual ideas into accurate technical construction designs. Preliminary data were
collected from 84 students enrolled in the Building Construction Design course in the Civil Engineering
and Planning Education Study Program at Yogyakarta State University, Yogyakarta, Indonesia. The
results showed that the students’ average pretest score for design skills was 50.79 out of 100, which was
below the minimum competency criterion of 75.00. More specifically, only 9 students (10.71%)
achieved the expected competency level, whereas 75 students (89.29%) had not yet met the required
standard. The portfolio assessment also indicated that students’ lowest performance appeared in spatial
visualization and design accuracy. The average score for spatial visualization was 58.21, followed by
evaluates technical accuracy at 60.47, functional aesthetics at 59.36, and 3) structural feasibility 62.18,
and design communication at 66.52. Classroom observation further revealed that 63.33% of students
had difficulty interpreting the spatial relationship between beams, columns, slabs, and walls when
presented through 2D drawings, while 47.78% showed errors in estimating scale and proportion in their
initial design outputs. These findings indicate that students’ design skills do not yet fully represent the
competencies expected in industry-oriented construction design practices. This condition creates a
pedagogical problem: vocational students are required to master applied and industry-based design
skills, but the learning environment has not fully provided authentic, interactive, and spatially rich

experiences that support the development of such skills.
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Conventional learning methods that rely on two-dimensional (2D) representations and limited
use of software such as CAD are often unable to facilitate deep spatial understanding and an accurate
sense of scale for users (Hartman et al., 2006; Tiwari et al., 2024a; Totuk et al., 2025). The limitations
of visual representation in these media make it difficult for users to visualize complex three-dimensional
(3D) objects and understand the interdependence between components of structural elements in building
construction (Basham, 2006). This approach, which tends to be abstract, is still not able to replicate the
complexity of complex building construction modeling, thus triggering a gap between theory and
practice in the field (Tiwari et al., 2024b). This limitation was also reflected in the initial learning
condition, where 57 of 84 students, or 67.86%, reported that conventional 2D drawings were insufficient
to help them understand the actual form, scale, and spatial configuration of building components. In
addition, 54 students, or 64.29%, stated that they needed a more interactive medium to explore building
models before developing their final design portfolios. In modern construction education and industry
practice, transitional digital tools such as Building Information Modeling (BIM), three-dimensional
modeling, and augmented reality have also been introduced to improve visualization, coordination, and
design communication. Nevertheless, these tools do not always provide a fully immersive, embodied,
and interactive learning experience in which students can directly explore construction objects at scale,
manipulate design elements, and experience spatial relationships as if they were present in the
construction environment. Thus, while CAD, BIM, and AR contribute to digital construction learning,
they remain insufficient when the instructional goal is to strengthen students’ experiential understanding
and design experimentation in an immersive construction context.

Virtual Reality (VR) simulation technology is proposed as an innovative pedagogical instrument
capable of creating a realistic, interactive, and immersive instructional environment (Gomez-
Cambronero et al., 2023; Hendra Jaya et al., 2025). VR allows users to engage in hands-on design
experiments and building construction exploration without the risk of work accidents or physical
limitations due to limited access when visiting a building construction directly (Gémez-Cambronero et
al., 2023; Nasri et al., 2024; Smirnova et al., 2020). From a pedagogical perspective, VR supports
experiential learning in vocational education because it enables students to learn through direct
interaction, observation, manipulation, reflection, and revision of design objects in a simulated
construction environment. From a cognitive perspective, VR may improve design skills by strengthening
spatial visualization, reducing cognitive distance between abstract drawings and real-scale objects,
supporting mental rotation of structural components, and helping students detect inconsistencies
between design concepts and construction logic. Through VR simulations, users can manipulate design
models at full scale that significantly strengthen spatial knowledge, increase active engagement, and
minimize technical errors during the learning and training process (Gémez-Cambronero et al., 2023;

Hendra Jaya et al., 2025). For example, in the preliminary portfolio analysis, common technical errors

83



Immersive Virtual Reality Improves Vocational Students’...(Pratama, et.al.)

included inaccurate column-beam alignment, inappropriate wall openings, inconsistent scale
representation, and incomplete integration between structural and architectural elements. These types of
errors can be reduced when students are able to inspect construction components in an immersive
environment, compare design alternatives, and revise their design decisions based on spatial feedback
from the VR simulation. In this sense, the reduction of technical errors is not assumed as an automatic
effect of VR, but is explained through the mechanism by which immersive visualization allows students
to identify misalignment, proportion errors, component conflicts, and inappropriate spatial arrangements
before producing the final design output.

The conceptual framework of this study bridges vocational pedagogy and immersive technology
by positioning VR simulation media as a learning intervention that transforms abstract construction
design learning into an experiential, interactive, and industry-oriented design process. In this framework,
vocational education provides the competency target, namely industry-based building construction
design skills, while VR provides the technological learning environment that supports visualization,
experimentation, evaluation, and refinement of design outputs. Therefore, VR is not treated merely as a
digital visualization tool but as a pedagogical medium that enables students to engage in authentic design
practice through simulation-based learning.

Although the integration of VR in learning is beginning to spread, the literature specifically
examining the improvement of industry-based design skills in vocational education through quasi-
experimental designs remains limited. Previous research has examined the effectiveness of VR in
technical training more broadly (Mulders et al., 2024; Refdinal et al., 2023). However, these studies
have not sufficiently explained how VR contributes specifically to industry-based building construction
design skills, especially in relation to spatial reasoning, construction component interpretation, design
experimentation, and portfolio-based design outcomes. Furthermore, limited studies have tested VR
simulation media using a quasi-experimental pretest—posttest design involving control and experimental
groups in building construction design courses. As a result, stronger empirical evidence is needed to
determine whether VR-based construction simulation media can significantly improve vocational
students’ design competencies compared with conventional learning approaches.

The novelty of this study lies in its empirical examination of VR simulation media as a
pedagogical intervention for improving industry-based building construction design skills among
vocational students. Unlike previous studies that mainly position VR as a visualization or technical
training tool, this study emphasizes VR as a simulation-based design learning medium that supports
design experimentation, spatial reasoning, and the development of construction design portfolios.
Accordingly, this study is guided by the following research question: Does the use of VR simulation
media significantly improve vocational students’ industry-based building construction design skills

compared with conventional learning? The research objective is to examine the effectiveness of VR
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simulation media in improving students’ design skills in building construction design learning. The
hypothesis tested in this study is that students who learn using VR simulation media will demonstrate
significantly higher improvement in building construction design skills than students who learn through
conventional instructional media. By addressing this question, the study is expected to contribute
theoretically to the integration of vocational pedagogy and immersive learning technology, and

practically to the development of innovative learning media for construction design education.

METHOD
The research employed a quantitative approach with an experimental design. Specifically, it
used a quasi-experimental nonequivalent control group design. The experimental framework is

illustrated through the following model (Sugiyono, 2017) :

Experimental Group 01 X 02

Control Group 03 04

Figure 1. Model Experiment
Description:

O1 & O3  : Pre-Test (measuring the initial design capability)
02 & 04  : Post-Test (measures skill acquisition after intervention) X Treatment with VR media
(experimental group)

The research subjects were students in the Civil Engineering and Planning Education study
program, Faculty of Engineering, Yogyakarta State University, enrolled in a building construction
course. Ethical clearance was obtained from the Research Ethics Committee of the DRPM UNY, and
informed consent was obtained from 84 study participants. Safety protocols were also implemented to
ensure student well-being during the VR simulation activities.

Students were randomly assigned to either the experimental or control group to ensure baseline
comparability and to minimize selection bias. Each group consisted of 42 participants, and random
assignment replaced purposive sampling to maintain methodological rigor appropriate for a quasi-
experimental design.

Table 1. Criteria Inclusion and Exclusion

No. Groups Number of Participants
1 Control 42
2 Experiment 42

Data is collected through three main instruments designed to measure work-based design skills.
First, a pre-posttest was used to measure students' cognitive abilities in building construction theory and
spatial visualization. The pre-post test instruments were validated by experts and demonstrated good

internal consistency (Cronbach’s alpha = 0.83). Second, structured observation sheets are used to
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measure students' involvement and behavior during the building design process using VR simulation
media. Third, the design capability portfolio is assessed using a rubric that aligns with the standards of
the world of work and evaluates technical accuracy, functional aesthetics, and structural feasibility.
Inter-rater reliability for portfolio assessment was calculated using Cohen’s kappa (kx = 0.77), ensuring
consistency between evaluators. The VR simulation media consisted of Oculus Quest 2 headsets and
Unity 3D-based custom software developed for building construction exploration, allowing interactive
manipulation of structural components and real-time feedback on design skills.

The initial stage of research in each group begins with administering a pre-test to assess students'
initial abilities. Several components of design skills were included in the pre-test instruments. The pre-
test results served as the initial reference for designing a learning approach that incorporates VR-based
simulation media in building construction instruction. Upon completion of the entire learning sequence,
both groups were administered a post-test to evaluate the extent of improvement in their building
construction design skills.

In its implementation, the control group applied a collaborative learning model to complete
construction projects conventionally (studio-based and CAD software). Instead, the experimental group
used VR simulations of building construction to implement immersive collaborative learning, allowing
students to explore the building model in real time and validate the design's integrity. Throughout the
learning activities, observations were carried out in a structured manner to examine the progress of
students’ design abilities, both individually and collaboratively within groups. The intervention spanned

3 weeks with two 100-minute sessions per week.

Figure 3. Building Construction VR Simulation Media
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Figure 4. Dtails of Repetition Design in Building Construction VR

Overall, the learning activities were integrated with VR-based building construction simulation
media to illustrate its effectiveness in enhancing students’ competencies. In the final stage, project
outputs are produced as a portfolio of building construction design results, which will be used as material
for further study and in-depth evaluation.

The quantitative data were systematically processed in SPSS using several stages of inferential
analysis. The first step is to conduct prerequisite tests to ensure the data are valid before hypothesis
testing. After the prerequisite assumptions are met, the analysis proceeds with an effectiveness test. The
test was designed to examine whether there was a statistically significant difference in the average post-
test scores between the experimental group using VR-based construction media and the control group
using conventional instruction. This careful design, together with expert validation of instruments and
high inter-rater reliability for portfolio assessment, ensures that the findings reflect true differences in

students’ industry-based building construction design skills rather than measurement or subjective bias.

RESULTS & DISCUSSION
Result

The aim of this study is to examine the effectiveness of VR-based construction simulation media
in enhancing design skills. The initial stage of the study involved administering a pre-test to both the
control and experimental groups. This pre-test was conducted using an initial task-based approach to
assess students’ levels of understanding and skills in building design and construction. The assessed
competencies included drawing skills, identifying material requirements, and developing construction
work schedules.

The pre-test data obtained from both the control and experimental groups described the
participants’ initial competence in several aspects of design skills. These aspects included creativity,
comprehension of building construction design principles, communication skills, teamwork abilities,
technical knowledge, and project management skills. To provide a clear baseline comparison, pre-test

scores were separated by group. The control group had a mean pre-test score of 34.50, while the
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experimental group had a mean of 34.90. An independent-samples t-test confirmed that there was no
statistically significant difference between the control and experimental groups at pre-test, indicating
that the groups were equivalent in baseline design skill prior to the intervention. The pre-test data are
presented below.

Table 2. Pre-Test Design Skills by Group

Group N Mean Median Std. Deviation Min Max  Variance
Control 42 34.50 35.00 5.21 23 44 28.09
Experiment 42 34.90 35.00 541 24 47 28.41

Based on the table presented, the control and experimental groups obtained an average design
skill score of 34.70, with a minimum score of 23 out of a possible 47. When converted into a percentage,
the pre-test achievement level for design skills was 47.78%. This indicates that students’ initial
understanding and competence in building design and construction-including drawing skills, identifying
material requirements, and preparing construction schedules-were still relatively low. These findings
became the basis for implementing an experimental intervention using VR-based construction
simulation media in the experimental group to enhance students’ design skills (Laal & Laal, 2012; N.I.P.
Pratama et al., 2022).

Pre-requisite tests using normality tests (Kolmogorov-Smirnov) and homogeneity tests are
required before post-tests are carried out in the control and experimental groups. The normality test was
conducted to examine whether the initial data followed a normal distribution. The data are considered
normally distributed when the significance value exceeds 0.05 (sig. > 0.05). Based on the analysis
results, the design skill component was normally distributed, with p-value = 0.200 > 0.05, as shown
below in the table.

Table 3. Technology Distribution Across the 35 Included Studies

Name Valid Kolmogorov-Smirnov
N Percent  Stat Sig. Df
Design Skills 84 100 12 .200 84

Subsequently, a homogeneity test was performed to determine whether the data from the control
and experimental groups were homogeneous. The data are considered homogeneous when the
significance value is greater than 0.05 (sig. > 0.05). The results showed that the design skill components
in both the control and experimental groups were homogeneous, with a significance value of 0.368 >
0.05. After confirming that the data were normally and homogeneously distributed, an observation was
conducted on the implementation of VR simulation media for building construction in the experimental
group. After confirming baseline equivalence, normality, and homogeneity, the VR intervention was

applied only to the experimental group.
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Discussion

This study measures the development of design skills through VR simulation media for building
construction, including drawing skills, the ability to identify material needs, and the ability to compile a
schedule. While the Results section presented raw outcomes, this Discussion section critically
synthesizes the findings in the context of prior research, theory, and international literature. Through the
application of VR-based building construction simulation media, the improvement of each component
of design skills in producing building construction designs can be identified. Based on the observations,
the results indicated the ability to draw, identify material needs, and prepare a schedule using VR
simulation media for building construction, as presented in the following table.

Table 4. Results of Observation of the Process of Improving Design Ability

No Component Description

1 Creativity The use of VR simulation media in building construction
learning encourages all participants to observe various examples
of building design directly through virtual simulations. After the
observation phase, participants generated a range of creative
solutions to address problems through discussion and
experimentation. The ideas produced are then presented to
obtain suggestions and feedback from other participants until a
final construction design is obtained to be used as a final project
or portfolio. The discussion, experimentation, and presentation
processes following the use of VR media demonstrated an
improvement in participants’ creativity.

2 Understanding of Participants' understanding of building construction design
building construction principles has developed better. The increase was seen during
design principles the discussion process and the exchange of opinions between

participants in learning activities. In addition, the ability to
understand design principles also increases when participants
provide responses and answers to questions asked by other
participants.

3 Communication skills ~ The use of building construction VR simulation media provides
an opportunity for all participants to try and explore building
design virtually. During the activity, participants were actively
involved in communication through the submission of ideas,
opinions, and ideas. Discussion and presentation activities after
the use of VR media showed an increase in participants'
communication skills throughout the learning process.

4 Collaboration In the implementation of learning, all participants are actively

capabilities involved in discussions so that their participation in working
together to complete the final project increases. Participants’
collaboration abilities were also enhanced through the activities
of developing construction designs and presenting their
outcomes, and implementing trials using VR simulation media
for building construction.

5 Technical knowledge Learning activities accompanied by active discussions help
participants improve their technical understanding related to the
initial knowledge of the project being worked on. During the
learning process, participants exchanged opinions and actively
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No Component Description
participated in discussions when making presentations after
using building construction VR simulation media.

6 Project management The project management skills possessed by the participants in

skills completing tasks show good development. Tasks can be

completed according to the target because participants are able
to estimate the time needed from the discussion stage to the
presentation. In addition, the use of VR media helps participants
develop a time schedule to support the completion of the final
design project, so that participants' project management skills
are improved.

Based on the observations, the use of VR simulation media contributed to improvements in
creativity, understanding of building construction design principles, communication skills, collaboration
capabilities, technical knowledge, and project management skills. It should be noted that these
qualitative observations were not analyzed with a formal coding or thematic analysis, which limits
systematic verification. Future research could adopt structured coding protocols, frequency counts, or
thematic analyses to strengthen the reliability of qualitative claims. These results are consistent with the
study conducted by Pratama, which indicates that the use of simulation media helps participants
understand new material more quickly, facilitates trial processes, and reduces the risk of failure
(Damayanti et al., 2025; Shiratuddin et al., 2024).

In addition to the t-test results, effect sizes (Cohen’s d) were calculated to complement statistical
significance. The control group showed a moderate effect size (d = 1.61), while the experimental group
had a very large effect size (d = 2.44), indicating the VR-based intervention had a substantial practical
impact on design skills. Critically synthesizing these findings with international literature, this study
aligns with Radianti et al. (2020) and Merchant et al. (2014), who found that immersive technologies
improve spatial understanding, engagement, and procedural skill acquisition in engineering and
architecture education. However, this study extends these findings by providing empirical evidence
specifically for vocational education students in building construction, demonstrating not only
individual learning gains but also measurable improvements in collaborative problem-solving and
project management skills, which were less emphasized in prior work. In addition, the use of learning
to design with VR simulation media stimulates participants to actively collaborate and think critically
by identifying all risks they will face, thereby minimizing mistakes (Husamah et al., 2025; Imaniar
Purbasari, 2023; Norhasyimah Hamzah et al., 2024).

Futhermore, unlike previous research that focused on subjective engagement and perceptions,
this study quantitatively confirms the VR effect on design skills through pre-posttests and large effect
sizes. While many previous research used small-scale simulations or lab tasks, this study applied VR to
full project cycles, including material identification, scheduling, and portfolio development, offering

practical implications for real world vocational education. The findings align with prior research
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indicating that simulation-based learning accelerates comprehension and reduces errors (Damayanti et
al., 2025; Shiratuddin et al., 2024). This study demonstrates that VR supports both individual and
collaborative learning in design skills, identifying material requirements, and developing construction
work schedules, expanding its pedagogical utility and adding novelty to findings from previous research.
Despite these promising results, several limitations should be acknowledged. First, the novelty effect of
VR may have temporarily increased motivation and engagement. Second, the sample size (n = 84) is
relatively small, limiting generalizability. Third, the cost and accessibility of VR hardware may hinder
broader implementation. Fourth, some participants experienced mild simulator sickness, which could
have affected performance.

During the observation process, the ability of almost all participants in the experimental group
to develop design skills increased. The observation results describe the implementation of VR-based
learning in building construction as a means of supporting participants in enhancing these skills. The
classroom improvement process has been outlined in detail for each component involved. These findings
are considered novel and may serve as a reference as well as a foundation for further research in training
within the construction and manufacturing industries. Besides the process of developing participants’
competencies, through the analysis of different tests (t-tests) in the control group and the experimental
group, post-tests were then carried out. The post-test was carried out to assess whether the
implementation of VR-based construction learning media effectively improved design skills. The
analysis of the data yielded the following results.

Table 5. Results of Differential Test Analysis

Paired Differences

Std 95% Confidence Sig.
Name M Std. E ’ Interval of the t df (2-
€N Peviation 1\;:;); Difference tailed)

Lower Upper

Pair 1  Pre - Post
Control

Pair2  Pre - Post
Experiment

-24.714 15.274 2375  -29474 -19.955 10.487 41 .000

-42.405 9.937 1.533 -45.501  -39.308 27.657 41 .000

Based on the results of the t-test comparing the control and experimental groups, overall, it can
be concluded that the integration of VR simulation media into building construction design learning
effectively enhances students’ design skills. These results were obtained through a pre-posttest
comparison between the control and experimental groups. The results of the t-test conducted on the
control and experimental groups both showed significant results 0.000 (sig. < 0.05) and tcount > ttable
(10.487 > 2.019) (N.LP. Pratama et al., 2026). Meanwhile, the t-test results in the experimental group
also showed statistically significant results, p = 0.000 (sig. < 0.05) and tcount > ttable (27.657 > 2.019)
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(N.L.P. Pratama et al., 2026). The graph below illustrates the percentage improvement in design skills

from pre-test to post-test in both the control and experimental groups.

Improvement of Design Skills with VR Intervention

——&— Control
—— Experimental

100 A

Design Skill Score

204

Pre-Test Post-Test

Figure 5. Percentage Increase in Control and Experimental Groups

The figure 5 indicates that the use of VR-based learning in building construction within the
experimental group improved students’ design skills by 42.22%. The results of this study are very
interesting because, based on the results of the analysis of different tests (t-test), they support each other
and, in the learning process, can strengthen the increase in these achievements.

Overall, the study demonstrates that VR-based building construction simulation media
effectively enhances design skills by identifying material requirements, and developing construction
work schedules. The contribution of this study lies in linking empirical findings with broader
pedagogical theory, showing that immersive VR can serve both cognitive and social learning purposes
in vocational construction education. Future research should integrate systematic qualitative coding,
include larger and more diverse samples, and assess long-term retention to fully evaluate the scalability
and sustainability of VR interventions. This research also supports research conducted by Hamzah &
Imaniar, that through learning based on VR simulation media, it will increase the motivation of
participants and their activeness in independent and group learning to gain a more complex
understanding (Arika Pusparini et al., 2025; Imaniar Purbasari, 2023; N.I.P. Pratama et al., 2026;
Norhasyimah Hamzah et al., 2024). In addition, VR simulation media offers participants a more
authentic learning experience that supports experimentation, collaboration, the development of critical
thinking skills, and will accelerate the development of students' cognitive and psychomotor abilities

(Kartikasari et al., 2023, 2025; Sumandya et al., 2023; Wulandari et al., 2026).

CONCLUSION
The analysis of the research findings shows that VR-based simulation media in building
construction design learning is effective in improving students’ design skills. This is supported by the t-

test results obtained from the experimental class, which indicate a statistically significant difference,
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with a significance value of p = 0.000 (sig. <0.05). In addition, the calculated t-value (tcount) of 27.657
is greater than the critical t-value (ttable) of 2.019, confirming that the improvement in students’ design
skills is statistically significant.

In this study, design skills were developed through the experimental process, using VR
simulation media for building construction that are in accordance with industry needs. However, it
should be noted that claims regarding alignment with industry requirements are based on learning
outcomes in design skills and expert validation results.

The results of this study will make a significant contribution to the use of VR simulation media.
By combining VR simulation media with collaborative learning, this study can stimulate the
development of users' cognitive and psychomotor abilities. In addition, the findings of this study are
highly applicable to contextual and practice-oriented learning in vocational education. Overall, while
the findings strongly support the effectiveness of VR for enhancing design skills, further research

integrating employer evaluations would strengthen claims regarding direct industry readiness.
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