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Abstract: With the upgrade of hardware and the consumer experience, the application of highstandard digital art technology to produce finished products is the current trend of digital entertainment visual development, through the application of next-generation art technology, which has
become the basis for the application of the 3D digital media art industry. Based on the technology acceptance model, this study measured student acceptance of next-generation art production software
by surveying students in two school districts who took a next-generation art course that used blended
learning and worked examples. Intention to use was also assessed using variables such as the type
of graduation project and the number of credits in the student’s major course. A total of 104 valid
questionnaires were obtained from four classes in the fourth year of college. Specifically, students’
perceived usefulness, perceived ease of use, and attitudes toward using next-generation art software
were determined, and correlations between students’ acceptance of next-generation art use and their
willingness to use next-generation art methods were explored. The worked examples increased the
acceptance and willingness of students with poor 3D technical skills to use next-generation art, but
also allowed them to overestimate their technical skills.
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1. Introduction
Today, the video game industry is the largest entertainment industry worldwide.
According to a survey released by newzoo.com (accessed on 8 October 2020) [1], the global
games market was estimated to generate a revenue of $152.1 billion in 2019, surpassing
revenues produced by the film and music industries. The medium of the video game, which
was once a minor media art, has gradually become mainstream with the rising prevalence
of game engines and game editing software. Video games are considered a legitimate art
form in 21st century research [2,3]. The artistic genres in modern games can be divided
into realism and stylization. Realism refers to the use of realistic visuals striving to mimic
the real world, in which scenes and characters are lifelike. Stylization [4] emphasizes the
use of nonrealistic artistic images to distinguish the world and characters in a game from
those in real life. Because of changes in gamer preferences and technical development,
realistic and stylized graphics have diversified, whereas the differences between these two
types of techniques have become increasingly subtle. Gamers can nonetheless distinguish
a game with realistic graphics from the real world. To generate visual effects that suit the
theme of a game, game designers tend to make the lights, colors, and atmospheres in video
games darker, more vivid, or more dramatic than those of the real world. This provides
the desired ambience for gamers or conveys a message from game designers, creating
the so-called “game feel”. The aforementioned discussion indicates that the differences
between realistic and stylized games have blurred.
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The term “next generation” originated from the competition between video game
consoles in the 1990s [5], and the term “generation” represents the concept of periodization
in video games [6]. According to the historical development of video games [7], video game
consoles have entered the ninth generation, whereas PC games have adopted concurrent
or advanced technologies. In the video game industry, visual art design achieved using the
most advanced techniques is known as next-generation art (NGA). NGA can be considered
the highest benchmark for current game art and scenery design. Following the development
of various video game platforms and hardware, video gameplay has diversified, and
gamers have raised their standards for visual presentation. NGA enables games to represent
a highly realistic world that satisfies gamers’ demands. Among the techniques for creating
lifelike objects in game scenes, physically based rendering (PBR) [8,9] is a mainstream
approach currently used for three-dimensional (3D) animation software and game engines.
In the NGA course designed in this study, the professional software Substance Painter was
adopted to instruct students how to perform PBR texture mapping. Originally developed
by a French company Allegorithmic, which was later acquired by Adobe, Substance Painter
is a tool for material and texture mapping and has become a standard PBR development
tool in the game and animation industries. The flow of the students’ game art course is
shown in Table 1, and this course is the final integrated course.
Table 1. Game art course flow.
Scheme 3
Second Semester 1st Grade
First Semester 2nd Grade
Second Semester 2nd Grade
First Semester 3rd Grade
Second Semester 3rd Grade
First Semester 4th Grade
Second Semester 4th Grade

Professional Courses
3D Animation Fundamentals
3D Computer Animation (1)
3D Computer Animation (2)
Game Scene Design
Game Effects
Digital Sculpture
Next-Generation Art

Graduation Project

The NGA course is designed to instruct students to use Substance Painter for performing PBR mapping. It is an advanced course that focuses on comprehensive applications
and requires the integration of a wide range of software and production techniques, and is a
hybrid application of multiple technologies. Learning to apply NGA production methods is
a must-have skill for digital media students who intend to move towards the game industry.
This course is designed for fourth-year university students who should already be familiar
with 3D animation software, digital sculpting, and game engines and are in the final stages
of producing their final project. The purpose of this study is to enhance students’ interest in
learning specific software and to strengthen their motivation to use it consistently through
a working example combined with a blended learning curriculum design.
In order to bridge the gap between students’ 3D production abilities, the course
example files and assignments were provided by the instructor to avoid students who are
not capable of completing the pre-modeling and UV disassembly assignments due to the
small number of courses in the 3D professional program. The worked examples used are
shown in Figure 1, and there are three sets of examples used in the course according to
the progress. All worked examples include low poly and high poly models, and complete
UV processing. For students with strong 3D skills, it is still recommended to create the
required 3D objects by themselves.
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Figure 1. Worked example for teaching (high poly/low poly and final presentation).

2. Background and Literature Review
2.1. Physically Based Render (PBR)
Compared with the graphics on mobile devices, those in PCs and video game consoles
have fewer limitations thanks to continuous information technology and computational capacity improvements. However, game developers must nonetheless consider technological
limitations because video games now tend to feature cross-platform support. Therefore,
game artists must be familiar with how graphics may affect gameplay. Compared with conventional techniques such as Lambert and Phong shading, PBR has an additional feature,
namely ray-tracing computation; this computational technique is an industry standard for
filming, animation production, and video game development. Through the use of specific
texture, PBR facilitates the reconstruction of materials and light reflection effects in the
real world, improves 3D display quality, and constitutes a mainstream approach in NGA.
PBR consists of four key principles, namely the specular and diffuse reflection, microfacet
theory, F0 reflectance, and energy conservation [10]. Alternatively, the physically based
shader (PBS) in game engines is used to describe shaders [11].
Commonly used two-dimensional (2D) graphic design software (e.g., Adobe Photoshop) is unsuitable for the creation of PBR texture in 3D animations or games; PBR
texture cannot be adjusted to achieve What You See is What You Get. To solve this problem, Substance Painter, a tool that renders PBR workflows simply and intuitively, can be
used. Substance Painter is a type of 3D graphic software specializing in PBR mapping
for 3D models; it exports texture to a wide range of 3D file formats and game engines
and processes 2D texture in a 3D environment. According to the physical materials in
animation software and PBS in game engines, game artists produce maps that follow PBR
rules, of which the basic components are summarized in Table 2, and they increase or
decrease those textures according to the desired visual effects. The PBR process can be
divided into two types of workflows on the basis of the physical properties of substances,
namely, the conductor and nonconductor workflows. These two workflows can simulate
physical optics effects; the suitable workflow is selected according to the game engine and
shader adopted.
The NGA course was established according to students’ PBR learning demand. Although specific software can process PBR texture, game artists must devote a lot of effort to
studying and practicing PBR mapping before they can successfully control synchronized
render pipelines of complex images and produce realistic materials [12]. This NGA course
required prior knowledge of and ability to produce highly precise models by using 3D
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animation software or digital sculpting, using topology to construct low-poly models
that fulfil the requirements of the adopted game engine. Subsequently, UV maps were
processed before PBR textures were processed on Substance Painter, thus completing a
complete NGA production process (Figure 2). Because Substance Painter provides various
templates for specific materials, game artists can produce precise effects without presetting
their own parameters.
Table 2. Basic components of PBR texture.
Substance

Conductor

Non-Conductor

Texture map

Albedo
Metallic
Roughness
Normal
Ambient Occlusion
Height

Diffuse
Specular
Glossiness
Normal
Ambient Occlusion
Height

Note. Terms used in the table might differ slightly for different software.

Figure 2. Next-generation art production process.

The two major game engines (i.e., Unity and Unreal) [13] both consider PBR as a
basic rendering approach [14,15]. In addition, PBR has been used in Disney 3D animated
movies [16] as well as in architectural, automotive, and product visualization industries
that require simulated display. Specifically, PBR-based image rendering is applied to
the verification of automated driving functions in the automotive industry [17,18], realistic architectural and product rendering, simulation of simple and advanced fiber-optic
communication [19], and teeth rendering in dentistry research [20].
2.2. Worked Examples and Blended Learning
The NGA course content requires 3D software as the pre-production, paste through
Substance Painter, and output to the game engine integration process. Considering the fact
that students with different numbers of credits in previous elective courses have different
abilities in 3D production, and the graduation project may not be in 3D form, the course
design uses worked examples and hybrid teaching as follows.
1.

2.

Worked examples: Worked examples are teaching tools that learners can use to
study the steps needed to solve problems. The combination of worked examples and
completed examples facilitates the acquisition of problem-solving skills more than
worked examples alone [21]. Research indicates that exemplar-based learning can
be effectively applied to a variety of tasks, settings, and learners, and that exemplarbased learning is a widely applicable approach [22].
Blended Learning: Unlike traditional face-to-face instruction in the classroom and
online learning, blended learning encompasses all the benefits of digital learning,
including low build costs, increased learner efficiency and ease of use independent of
time and space, and the basic one-to-one understanding and motivation presented by
face-to-face instruction [23]. Blended learning refers to “the thoughtful integration
of face-to-face learning experiences in the classroom with online learning experi-
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ences” [24]. Research indicates that well-designed blended learning can enhance the
campus experience and expand thinking and learning through the use of web-based
messaging technology [25]. Students’ responses favored the use of multimedia, indicating that blended learning is beneficial to supplement instruction [24]. Previous
literature has shown that the use of online videos as a supplement to physical courses
can indeed enhance students’ motivation and learning outcomes [26,27].
The blended learning content of this course consists of online learning videos. The
classroom videos and example files are shared using Google Classroom, and students can
reinforce or practice them on their own outside of class. At the same time, additional
step-by-step integration videos are provided so that learners can articulate to course
assignments, thereby enhancing learning for students who lack basic training.
2.3. The Technology Acceptance Model
For many years, educators have sought to include new technologies in curricula and
adopted various theoretical frameworks to assess factors influencing user acceptance and
technology usage. These frameworks include Rogers’ diffusion of innovation theory [28],
theory of reasoned action [29], and the TAM [30], with the TAM being the most widely
adopted model.
The TAM was proposed by Davis (1986) on the basis of the theory of reasoned action [31] and the theory of planned behavior [32]. This theoretical model explains and
predicts information technology usage behavior, and it has been used to determine decisionmaking factors or processes among users in relation to their acceptance or usage of a new
technology. The TAM comprises two deciding elements: perceived usefulness (PU) and
perceived ease-of-use (PEU) [33]. PU is the degree to which a user believes that certain
information technology would enhance their performance. PEU refers to the degree to
which someone believes that using this technology would be effortless [34]. The TAM
framework is illustrated in Figure 3.
A literature review indicated that researchers from different disciplines have revised
and extended the original TAM [34]; TAM research is popular in the education field, and
this model serves as the most common basic theory for e-learning studies [35–37].

Figure 3. The technology acceptance model [30].

2.4. Practical Application of TAM
TAM has evolved to become the key model in understanding the predictors of human
behavior toward potential acceptance or rejection of the technology [38]. For example, the
TAM has been adopted to perform a retrospective study of mobile services [39], determine
the acceptance of virtual reality use in classrooms [40], compare the acceptance levels of
virtual reality use with that of face-to-face teaching in class [41], explore patients’ acceptance
of medical services and health information technology [42], and appraise the acceptance
of 3D printing in medical treatment [43]. For teacher training, a study utilized TAM for
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training on a video game platform to increase teachers’ engagement with and behavioral
intention to use technology [44]. Similarly, another study applied this model to confirm
participants’ acceptance during the learning process [45].
The TAM has several extended models (i.e., “TAM ++ research”); the advantages of
these extended models have been confirmed by numerous studies, highlighting the wide
applicability of TAM usage for various technologies and environments. For example, these
TAM-extended models have been adopted to explore students’ intention to participate in
computer courses [46], understand student acceptance of online learning environments [37],
and measure users’ intention to continue enrolling in massive open online courses after
being integrated with the task technology fit theory [36]. Moreover, extended TAMs
were established to confirm the effects of perceived usability and technology self-efficacy
on technology acceptance levels among teachers [47,48] and teachers’ intention of using
dynamic geometry software to teach geometrics in secondary schools [49].
3. Method
Many researchers widely support the direct and indirect relationship between perceived ease of use, perceived usefulness, and behavioral intention; there is a direct relationship between ease of use and usage behavior, and usefulness has a significant impact on
behavioral intention [38,50]. In order to understand the association between the learning
context of the subjects and the learning effectiveness of the course, TAM was therefore
used for the assessment. We considered the following:

•
•
•
•

PU is the user’s perceived usefulness of NGA technology in providing production
techniques;
PEU represents the effort required to use NGA technology as perceived by the user;
ATT is defined as the attitude toward using NGA technology due to its ease of use
and usefulness;
BI indicates the user’s willingness to continue using it in the future.

Therefore, students’ graduation project type, professional course credits, software
application, blended learning, and worked examples should affect perceived usefulness
(PU) and perceived ease of use (PEU), which in turn affects users’ attitudes toward further
use (ATT) and intentions for further use (BI) after graduation.
A survey was conducted to evaluate the application of TAM in the NGA curriculum
for fourth-year digital media students at two campuses in Taipei and Hsinchu. The total
number of students in the two campuses was 154, with 36 students in class A in Taipei,
39 students in class B in Taipei, 35 students in class A in Hsinchu, and 44 students in class B
in Hsinchu. A total of 104 valid questionnaires (Appendix A) were returned, and the total
response rate was 68%, with a higher response rate of 72% in Taipei than 63% in Hsinchu.
During the last week of the semester, students from four classes in two school districts
were asked to freely complete an anonymous online questionnaire. The questionnaire was
based on the TAM developed by Davis (1989) [33]; the original questionnaire was modified
to describe the context in which the NGA course was used, and course-related questions
were added. The questionnaire was designed using a five-point Likert scale indicating
agreement or disagreement with each statement with the endpoints of “strongly disagree”
and “strongly agree”. The main research variables included “Perceived Usefulness”,
“Perceived ease of Use”, “Attitude toward”, and “Behavioral Intention to Use”. The
data collected included school district, class level, topic type, number of credits taken in
professional courses, blended learning, worked examples, and knowledge of NGA. We
expected that (1) the type of graduation project, (2) the number of credits in the professional
program, (3) the application of NGA, (4) the blended-learning-based course model, and (5)
the worked examples would influence the ATT and BI through PU and PEU (Figure 4).
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Figure 4. Technology acceptance model of this research framework code.

4. Results
4.1. Sample Structure Narrative Statistics
During the last week of the semester, a survey was conducted on the classes taking
classes at both schools. Due to COVID-19 and the class being a graduating class, the
attendance rate was affected. A total of 105 students out of 154 students responded to the
questionnaire, of which 104 valid questionnaires were obtained; the basic information is
shown in Table 3.
Among the background information of the questionnaire responses, the gender ratio is
just about 50/50. The Taipei and Hsinchu campuses each received 54 and 50 questionnaires,
respectively, with little difference. Among the students’ graduation projects, 53 of them
were produced in 3D and 51 in 2D. Although we have not investigated whether or not the
NGA method was used, the percentage should be less than 10% based on the graduation
project exhibition. In addition, 63.5% of the students thought that the operation and
functions were complicated, 23.1% thought that the English software was a barrier to
learning, and only 13.5% of the students said they were not interested for other reasons.
In terms of students’ 3D ability, 30.8% of the students thought their 3D production ability
was good, while 59.2% were average or poor, which was in line with the tendency of
choosing the format of the topic. In the blended learning section, 88.5% thought that the
course instructional videos were helpful for learning, which is consistent with previous
studies [51,52], confirming the effectiveness of blended learning. The baseline analysis
showed that most students understood the importance of the course, and were able to
comprehend the content and complete the assignment requirements.
Seventy-four percent of the students reported that the NGA courses were scheduled
too late to be applied to the topic production. A total of 67.3% of the students felt that they
could generally understand the process of NGA through the course. However, 26.9% said
they were able to integrate the various software needed for NGA, similar to the percentage
of those who said they were good at 3D production (30.8%).
Table 3. Basic information table.
Basic Information
Gender

Campus
Graduation topic
form
Hours of professional
courses

Number of
People

Percentage (%)

Male

52

50.0

Female

52

50.0

Campus A

54

51.9

Campus B

50

48.1

3D animation or game

53

51.0

2D animation or game

51

49.0

<6 credits

6

5.8

6–9 credits

33

31.7

>9 credits

65

62.5

Types
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Table 3. Cont.
Basic Information

Factors affecting
learning 3D

3D ability level in
class

Without instructional
videos, it would be
more difficult to learn

The instructional
videos have helped
me a lot

I think this course is
scheduled too late

The integration of 3D
software is not
difficult for me

I can understand the
process of
next-generation art

Types

Number of
People

Percentage (%)

Complex operation and functions
and too many types of software

66

63.5

English software

24

23.1

Not interested & others

14

13.5

Very low

6

5.8

Low

26

25.0

Average

46

44.2

Good

18

17.3

Very good

8

7.7

Strongly agree

61

58.7

Agree

25

24.0

General

15

14.4

Disagree

3

2.9

Strongly disagree

0

0.0

Strongly agree

78

75.0

Agree

14

13.5

General

8

7.7

Disagree

1

1.0

Strongly disagree

7

6.7

Strongly agree

51

49.0

Agree

26

25.0

General

22

21.2

Disagree

4

3.8

Strongly disagree

1

1.0

Strongly agree

10

9.6

Agree

18

17.3

General

50

48.1

Disagree

20

19.2

Strongly disagree

6

5.8

Strongly agree

1

1.0

Agree

18

17.3

General

51

49.0

Disagree

21

20.2

Strongly disagree

6

5.8

4.2. Reliability Analysis
Reliability analysis was performed to ensure internal validity and consistency of the
items used for each variable. Reliability was assessed using Cronbach’s alpha. Statistical
analysis was conducted using IBM SPSS version 26 software, and the reliability analysis of
this study is shown in Table 4. All structural reliability and alpha coefficients were higher
than the benchmark of 0.6 proposed by Bagozzi and Yi (1988) and had good reliability [53].
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The Cronbach’s alpha for the overall scale was 0.930, indicating that the reliability of this
scale was very good.
Table 4. Reliability analysis of questionnaire.
Cronbach’s Alpha

Cronbach’s Alpha Based on
Standardized Items

N of Items

0.930
0.897
0.869
0.850
0.783
0.623

0.933
0.898
0.871
0.851
0.795
0.629

19
4
4
4
3
5

Overall scale
PU
PEU
AT
BI
Course Design

4.3. Analysis of Total Validity and Validity of Various Aspects
To determine the suitability of the questionnaire data for factor analysis, the KMO and
Bartlett’s spherical check were used. According to Kaiser, KMO values of >0.8, >0.7, >0.6,
and <0.5 indicate meritorious, middling, mediocre, and unacceptable results, respectively.
Bartlett’s test was implemented to verify whether the collected data were multivariate
normally distributed and suitable for factor analysis. The KMO coefficients of the overall
scale, PU, and PEU exceeded 0.8 (Table 5), suggesting excellent validity; the KMO value
of ATT was higher than 0.7, indicating moderate validity, whereas the KMO value of
BI was slightly higher than 0.6, with mediocre validity. The results of Bartlett’s test all
reached the significance level (p < 0.01), indicating that the sampled data were suitable for
factor analyses.
Table 5. KMO and Bartlett’s test.
Overall Scale

PU

PEU

ATT

BI

Course Design

0.865

0.807

0.807

0.714

0.655

0.563

Approx.
Chi-Square

1151.139

258.757

194.029

101.989

258.757

130.419

df
Sig.

105
0.000

6
0.000

6
0.000

3
0.000

6
0.000

10
0.000

Kaiser–Meyer–Olkin Measure of
Sampling Adequacy

Bartlett’s Test
of Sphericity

4.4. Convergent Validity
SPSS Amos was run to perform confirmatory factor analysis (Figure 5). The analysis
was conducted on the basis of the assumption that the hypothesized factors and relevant
items existed; subsequently, relationships between these factors and variables were determined, enabling researchers to verify whether the collected data fit the hypothesized
model. Convergent validity was assessed according to the following standard: values of
0.9 < r, 0.7 < r < 0.9, 0.3 < r < 0.7, and r < 0.3 indicated high, higher than moderate, lower
than moderate, and low results levels, respectively. Except for the PEU–B3 path (0.28), all
factor–item correlations exceeded 0.653, most surpassed 0.7, and some even reached 0.9.
Therefore, the overall convergent validity reached the lower-than-moderate level.
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Figure 5. CFA and path analysis.

4.5. Independent Sample t-Test
Independent samples were examined to analyze the relationship between gender,
different school districts, and graduation project types, and PU, PEU, ATT, and BI. It was
found that gender and school district were not significantly related to the four dimensions
of PU, PEU, ATT, and BI, nor were they significantly related to the Overall Course questions.
However, graduation project type was found to be significant in PU, PEU, ATT, BI, and
Overall Course questions. The results of the independent sample T-assay are shown in
Table 6.
Contrary to the reality, students with non-3D graduation projects were more willing to
accept and use NGA than those who chose to use 3D for their graduation projects, even if
they had no practical application at all. Since NGA is mainly about creating PBR maps for
3D creative content, it is assumed that the concept and operation of using Substance Painter
to create PBR textures is similar to the image processing software commonly used for 2D
painting, which is familiar to students who are good at 2D. The course provides 3D models
and basic textures as worked examples, unifying the teaching content and operation steps,
and reducing the learning barrier caused by the difference in the basic level of 3D. Students
who are not skilled in 3D will feel more comfortable with the course.
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Levene’s Test for
Equality of
Variances

Item

Structure

Table 6. Independent sample t-test between the TAM and different campuses and between the TAM and different graduation
project types.

F

A3
PU
O4

PEU

B3

C1
ATT
C2

D1

BI

D2

D3

Equal variances
assumed
Equal variances
not assumed
Equal variances
assumed
Equal variances
not assumed
Equal variances
assumed
Equal variances
not assumed
Equal variances
assumed
Equal variances
not assumed
Equal variances
assumed
Equal variances
not assumed
Equal variances
assumed
Equal variances
not assumed
Equal variances
assumed
Equal variances
not assumed
Equal variances
assumed
Equal variances
not assumed

0.026

0.184

5.421

1.565

0.949

0.264

2.684

1.183

Sig.

0.872

0.669

0.022

0.214

0.332

0.609

0.105

0.279

t-Test for Equality of Means

t

df

Sig.
(2Tailed)

Mean
Difference

Std.
Error Difference

95% Confidence
Interval of the
Difference
Lower

Upper

−2.212

95

0.029

−0.377

0.171

−0.719

−0.039

−2.176

84.014

0.032

−0.377

0.173

−0.722

−0.032

−4.021

95

0.000

−0.756

0.188

−1.129

−0.383

−4.027

92.278

0.000

−0.756

0.188

−1.129

−0.383

−2.746

95

0.007

−0.566

0.206

−0.975

−0.157

−2.779

94.625

0.007

−0.566

0.204

−0.970

−0.162

−3.307

95

0.001

−0.587

0.178

−0.940

−0.235

−3.249

83.308

0.002

−0.587

0.181

−0.947

−0.228

−2.196

95

0.031

−0.368

0.168

−0.701

−0.035

−2.162

84.594

0.033

−0.368

0.170

−0.707

−0.030

−6.027

95

0.000

−1.331

0.221

−1.770

−0.893

−5.983

88.773

0.000

−1.331

0.222

−1.773

−0.889

−3.026

95

0.003

−0.602

0.199

−0.996

−0.207

−2.977

84.132

0.004

−0.602

0.202

−1.003

−0.200

−3.030

95

0.003

−0.608

0.201

−1.006

−0.210

−3.021

90.654

0.003

−0.608

0.201

−1.007

−0.208

4.6. Analysis of Variance (ANOVA)
In order to understand the relationship between students’ 3D ability and TAM, the
number of 3D professional courses taken by students was divided into three levels: above
9 credits, 6 to 9 credits, and fewer than 6 credits, which were used to differentiate students’
3D level. This factor was used to analyze the one-way variance with PU, PEU, ATT, and
BI, and the Scheffe method was used to check the post hoc. The results of the analysis are
shown in Table 7, which shows the effects of different levels of 3D expertise on PU, PEU,
ATT, and BI.
From Table 6, it can be found that students with the least number of credits in 3D
courses showed significance in PU, PEU, ATT, and understanding of NGA processes. This
means that the course provides working example files and instructional videos, which only
lower the learning barrier for students who are not good at 3D, making them feel good and
easy to use, but not enhancing students’ intention to actually use the software. Students
with moderate credit in the course became interested in NGA, demonstrated intent to use
it, and were willing to review and use it on an ongoing basis. Surprisingly, they found it
less difficult to integrate 3D software than students with higher credit levels.
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Table 7. One-way analysis of variance between number of credits and TAM measures.
TAM

Dependent
Variable

(I)
Credit

(J)
Credit

Mean
Difference (I-J)

Std.
Error

Sig.

A4

3

1
2

0.894 *
0.573

0.344
0.359

O4

2

1
3

0.647 *
−0.323

2

1
3

3
B2
O5

Lower Bound

Upper Bound

0.038
0.284

0.04
−0.32

1.75
1.46

0.204
0.421

0.008
0.746

0.14
−1.37

1.15
0.72

0.545 *
−0.865

0.201
0.415

0.029
0.120

0.05
−1.90

1.04
0.17

1
2

1.409 *
0.865

0.398
0.415

0.003
0.120

0.42
−0.17

2.40
1.90

3

1
2

1.576 *
1.281 *

0.397
0.414

0.001
0.010

0.59
0.25

2.56
2.31

3

1
2

1.000 *
0.594

0.379
0.395

0.034
0.328

0.06
−0.39

1.94
1.58

2

1
3

0.475 *
−0.479

0.190
0.393

0.048
0.478

0.00
−1.46

0.95
0.50

3

1
2

0.955 *
0.479

0.376
0.393

0.044
0.478

0.02
−0.50

1.89
1.46

C2

3

1
2

1.030 *
0.740

0.352
0.368

0.017
0.138

0.15
−0.17

1.91
1.65

C3

3

1
2

1.485 *
0.990

0.414
0.432

0.002
0.077

0.46
−0.08

2.51
2.06

D3

2

1
3

0.546 *
−0.469

0.209
0.431

0.036
0.556

0.03
−1.54

1.07
0.60

PU

B1
PEU

C1
ATT

BI

95% Confidence Interval

* The mean difference is significant at the 0.05 level.

5. Discussion
This study course uses the PBR coloring method and Substance Painter software,
which is the main application tool for today’s digital game industry artists. Regardless
of the demand for highly realistic or stylized graphics, the NGA method can create highquality visual effects and modularize art resources to achieve a consistent working method,
which can save a lot of resources and is extremely important for game production.
According to Davis (1989) [33], perceived usefulness is the main determinant of an individual’s intention to use computer-related technology, and perceived ease of use directly
or indirectly influences people’s intention to use technology through perceived usefulness.
The analyses examined by the independent sample in this study showed that gender was
not correlated with any of the influences. Although there were differences between school
districts in terms of high and low enrollment scores, i.e., students had different initial
levels, this did not affect students’ acceptance of NGA. The type of graduation project is a
summary of learning outcomes, and students decide on the form based on their expertise,
so the type of graduation project is significantly correlated in both the TAM questionnaire
and the Overall Class items. In particular, students whose graduation project type was not
3D showed a higher willingness to accept and use it, suggesting that blended learning and
worked examples may be possible reasons for lowering barriers to learning.
The results of the analysis of variance, comparing the groups with different numbers
of credits in 3D courses, showed that students with the less number of credits in 3D courses
were more influenced by blended learning and worked examples, and showed significant
results in PU, PEU, and ATT, indicating that they found NGA useful, easy to use, and
were willing to use it, but this did not increase their actual intention to use it. This is all
consistent with the fact that worked examples are more effective for novices than solving
equivalent problems in terms of knowledge transfer performance [54]. Students with
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medium course credits were interested in NGA and had the intention to continue using it.
In particular, students with medium grades found it less difficult to integrate 3D software
than students with high grades. Since the technical difficulty of integration is higher, the
students with high credits tended to create their own materials from scratch and felt that
this was more difficult. Students with moderate credits, however, used sample files to
create their assignments and did not encounter the difficulty of creating their own work
from scratch, which may have created a bias in their learning perception, i.e., they had
incorrect perceptions due to technical inexperience [55].
In this study, instructional support consisting of real-world 3D example files and
instructional videos were provided to fourth-grade students during the learning process to
study whether it improved their PU, PEU, and ATT for NGA techniques, as measured by
questionnaires. We found that students with low 3D ability had a working example effect.
When students who were not proficient in 3D learned through practical examples during
the learning phase, they showed positive responses in PU, PEU, ATT, and understanding
of NGA processes. This is consistent with the findings of Nievelstein, F, et al. [56]. We
also found that the practical examples were more effective and accessible in the learning
process, i.e., less time and effort were invested in the learning process to achieve better
results, resulting in significant improvements in student motivation.
6. Conclusions
With the rapid impact of the digital gaming industry, school content needs to be
adapted to new technology applications, introducing software applications that meet
industry needs and production trends, and educators need to understand students’ learning
status and curriculum responses to new technology areas in order to adjust and improve
students’ motivation and willingness to learn.
TAM provides a well-defined framework for assessing students’ acceptance of
technology-based curricula. Students’ 3D ability is reflected in the number of credits
and type of graduation project in 3D courses, and this study has shown that by providing
worked examples, combined with blended learning instructional videos, low 3D ability students’ perceived ease of use and perceived usefulness of NGA technology can be improved,
thereby increasing motivation to use, but not significantly affecting intent to use. Therefore,
teachers must recognize the differences in learners and incorporate such differences into the
design of teaching and curriculum to effectively address the different needs and abilities of
learners [57]. In the future, differentiated worked examples may be considered for teaching
technical courses.
Finally, the students’ feedback about the late scheduling of courses in the curriculum
module has been brought to the attention of the Departmental Curriculum Committee
and has been adjusted to the second semester of the third year in the new year to meet
the schedule and needs of the students’ final projects. At the same time, the original
two-credit course has been increased to three credit hours to allow for sufficient teaching
hours. The new program will only provide practice worked examples at the beginning of
the program, and homework assignments will need to be done on their own to reflect the
learning outcomes.
7. Research Limitations
This study had limitations in relation to profession and instructors. First, only students
from a digital media department participated in the study. A more coherent course module
was required because complete NGA involved extremely professional production skills,
from modeling to texturing, including digital sculpting, retopology, and the use of game
shaders or animation renderers. This study focused only on the later stages of software
integration, i.e., the Substance Painter for course applications. To expand the research scope,
researchers should meticulously apply research results to verify technology acceptance
among students majoring in other fields.
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The instructor-related limitation is that, to design a desirable course, instructors require abundant knowledge and excellent software operation skills, diverse teaching skills,
and the ability to adjust course content to new technologies [58,59]. In particular, development techniques for video games evolve continually, and instructors in this discipline
must comprehensively understand the game production process in the front-end and
back-end. This places a potentially heavy burden on instructors, who must maintain
learning motivation among students and must frequently adjust course content according
to changes in the industry and relevant technologies as well as acquiring excellent video
game development skills.
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Appendix A
This is an anonymous, free-choice end-of-semester survey of feelings about learning
that is not related to grades. The questions are based on TAM, with the addition of blended
instructional feelings and collection of learning contexts for comparison.
Table A1. Next Generation Art Techniques - Post-Course Questionnaire (Please fill out the questionnaire with your help as a reference for course improvement and adjustment.).
Basic Background
Gender
Class
Graduation project type
Total number of credits of 3D courses taken in school
Preferred art style
My opinion on learning 3D
Compared to my classmates, I think my 3D ability level is
Factors that I think affect my learning of 3D
Perceived Ease of Use (PEU)
TAM

A1
A2
A3
A4

I found Substance Painter very easy to use.
Learning to use Substance Painter was easy for me.
My interaction with Substance Painter is clear and easy to understand.
It is easy for me to find features in Substance Painter.
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Table A1. Cont.
Basic Background
Perceived Usefulness (PU)
B1
B2
B3
B4

Using Substance Painter can improve my 3D mapping efficiency.
Improve my 3D art performance with Substance Painter.
Use Substance Painter to increase my efficiency in my theme production.
I find Substance Painter very useful.
Attitude Toward Using (ATT)

TAM

C1
C2
C3
C4

I don’t like the need to use Substance Painter. (R)
I still like using Substance Painter.
I think it’s a good idea to use Substance Painter for mapping.
Using Substance Painter is a poor constraint. (R)
Behavioral Intention to Use (BI)

D1
D2
D3

I will use Substance Painter in my projects.
I will use Substance Painter frequently.
I plan to review Substance Painter tutorial resources frequently.
Blended Learning

O1
O2

Without videos, it would be harder to learn.
The videos are very helpful to me.

Overall
Course

Course-related
O3
O4
O5

I think this course is scheduled too late.
It was not difficult for me to integrate all the 3D software.
I can understand the process of next-generation art.

Note: R = reversed item.
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