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program, combining cooperative learning and problem-based learning, was implemented at a university in
Taiwan. Upon completion, a survey was conducted among participating students. Factor loading analysis reveal
strong correlations between the variables and their corresponding constructs. Reliability tests confirm the in-
ternal consistency of the questionnaire, while confirmatory factor analysis validates the convergent validity of all
constructs. The study also uncovered departmental differences in technology acceptance behavior, and the re-

sults indicated significant improvements in both learning motivation and student attitudes.

Introduction

In today’s rapidly evolving educational landscape, traditional
teaching methodologies are increasingly being challenged by the
changing needs and preferences of students, particularly Generation Z
learners. Conventional classroom instruction often falls short in
engaging students and adapting to their shifting learning patterns. To
address these challenges, integrating technology with innovative
teaching strategies has become essential for enhancing both student
engagement and academic performance. Notably, innovative teaching is
increasingly recognized as part of universities’ social responsibility (de
Moraes Abrahao et al., 2024; Shek et al., 2017).

One promising approach is multimodal interactive teaching, which
combines various instructional methods to create a dynamic and
engaging learning environment. For example, Song (2024) utilizes social
network analysis to design interactive learning frameworks that signif-
icantly improve learning outcomes. Additionally, cooperative learning
techniques and problem-based learning (PBL) are often integrated into
multimodal teaching, fostering critical thinking and collaborative ex-
periences (Hidayati et al., 2022; Saiful et al., 2020).

This study investigates how college students adopt new technologies
in their learning processes and how these technologies influence their
motivation and attitudes toward learning. The Technology Acceptance
Model (TAM) provides a framework for analyzing students’ acceptance
of digital tools, including social media platforms (e.g., LINE) and
learning tools (e.g., Google Translate), particularly in the context of
language learning. Over the course of one year, multimodal interactive
teaching was implemented for a group of college students. At the end of
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the study, a survey involving 202 participants was conducted. The
empirical findings offer valuable insights into students’ perceptions and
acceptance of technology within this innovative teaching framework.

To further examine the impact of innovative teaching on learning
behaviors, this study addresses the following research questions (RQs):

RQ1: How do the perceived ease of use and usefulness of artificial
intelligence (AI)-powered tools influence students’ attitudes toward
language learning?

RQ2: Do students from different academic disciplines demonstrate
varying levels of technology acceptance in a multimodal interactive
learning environment?

RQ3: What roles do cooperative learning and problem-based
learning play in enhancing students’ acceptance of technology?

The remainder of this paper is structured as follows. Section 2 re-
views relevant literature on various teaching methods and the TAM
framework. Section 3 outlines the teaching design, focusing on guiding
students to understand the impact of Al across different domains. Sec-
tion 4 details the objectives, scope, participants, methods, and data
analysis techniques used to evaluate the teaching approach’s effective-
ness. Section 5 presents findings related to students’ learning attitudes,
motivations, and technology acceptance. Section 6 discusses implica-
tions for educators and students. Section 7 concludes the study and of-
fers recommendations based on the key findings.
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D.-H. Huang
Research background
Evolution of teaching methods

Traditional classroom teaching, which relies heavily on teacher-led
instruction, often struggles to maintain students’ attention despite sig-
nificant effort. As learning resources expand beyond textbooks, Gener-
ation Z students exhibit evolving learning patterns. The advancement of
information and communication technologies has diversified teaching
tools, fostering enhanced interaction between educators and learners
and making learning more engaging (Betihavas et al., 2016).

Blankesteijn et al. (2024) underscore the significance of experiential
learning in science- and technology-based entrepreneurship education,
identifying four core activities: incorporating real-world experiences
into the classroom, recognizing the complexity of management and
entrepreneurial challenges, engaging students in management in-
terventions, and emphasizing the value of reflection. Similarly, Wu and
Chen (2021) demonstrate the effectiveness of experiential and
constructivist learning approaches in courses such as innovation man-
agement, knowledge management, project management, and risk man-
agement, particularly within business schools.

To improve academic performance and student satisfaction, Song
(2024) introduces a multimodal interactive classroom strategy based on
social network analysis. The findings indicate that this approach en-
hances academic outcomes and student satisfaction. In this context, that
study applies cooperative learning, which Slavin (1987)) describes as a
method where students work in small, mixed-ability groups to achieve
common learning goals. Taghizadeh and Hajhosseini (2021) show that
blended learning technologies positively influence student attitudes by
enabling instructors to teach both theoretical and practical concepts
effectively while fostering online discussions with constructive feed-
back. Cooperative learning structures group interactions to ensure
active participation and accountability (Sharan & Sharan, 2021) while
building collaborative learning environments (Johnson & Johnson,
2018).

Critical thinking (CT) has been shown to significantly enhance aca-
demic performance, particularly for Master of Business Administration
and undergraduate students (D’Alessio et al., 2019; Fong et al., 2017).
CT skills are also instrumental in driving workplace effectiveness and
innovation (Jafarigohar et al., 2016; Li, 2023). Problem-based learning
(PBL) is a proven method for developing CT, as it emphasizes real-world
problem-solving. By encouraging students to work in groups to address
real-world challenges, PBL promotes critical thinking, collaboration,
and self-directed learning (Akhdinirwanto et al., 2020; Foo et al., 2021).

Technology continues to play an increasingly central role in higher
education, including the integration of social media (Aldahdouh et al.,
2020; Tan & Hsu, 2018). Al-Qaysi et al. (2023) highlight the potential of
social media to foster collaboration and communication. Likewise,
Davidovitch and Belichenko (2018) find that the use of appropriate
learning tools positively impacts learning and satisfaction, with group
belongingness being a critical factor. A sense of belonging enhances
interactions and alleviates the isolation often associated with distance
learning environments (Callaghan & Fribbance, 2016; Sheeran &
Cummings, 2018). Even passive interactions within online groups can
strengthen course commitment, a key aspect of distance learning success
(Giannikas, 2020; Moghavvemi et al., 2017; Moorthy et al., 2019).

Technology acceptance model

The TAM, developed by Davis et al. (1989), provides a theoretical
framework for understanding how users adopt new technologies. It is
centered on two key constructs: perceived usefulness (PU) and perceived
ease of use (PEOU). PU refers to users’ belief that using a particular
technology will enhance their performance, reflecting the technology’s
value in achieving their goals. PEOU, on the other hand, reflects users’
perception of how easy the technology is to use. Technologies perceived
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as both useful and easy to use are more likely to be adopted. These
constructs influence users’ attitudes toward the technology, which, in
turn, shape their intention to use it.

TAM has been widely applied and extended to predict technology
adoption across various contexts. For example, Huang and Chueh (2021)
expand TAM to develop a model predicting pet owners’ intentions to use
chatbots for veterinary consultations, aiming to improve pet healthcare
and disease management. Similarly, Yao et al. (2022) integrate TAM
with the Theory of Planned Behavior to examine college students’ in-
tentions to use online learning during the COVID-19 pandemic.
Kwangsawad and Jattamart (2022) also apply TAM to evaluate the
adoption of chatbots for customer service.

Teaching design
Objectives

The primary objective of this course is to help students understand
the potential impact of Al on future life as technology continues to
evolve and explore its applications across various fields. By using Google
Al-powered translation tools for English vocabulary searches and pro-
nunciation support, students learned to integrate these technologies into
their professional English language studies.

Group discussions and collaborations on course-related assignments
were facilitated through the LINE social media platform. Students
applied foundational digital technology knowledge to gain a deeper
understanding of modern industry development trends, while also
enhancing their awareness of applied knowledge in areas such as Al,
cloud computing, and big data.

Teaching methods

The course was structured into thematic units, integrating group
cooperative learning and problem-based learning (PBL) discussions,
guided by relevant theoretical principles. Each unit featured lectures on
Al, with a focus on commonly used English vocabulary related to Al
topics.

A combination of interactive teaching methods and experiential
classroom activities enabled students to share diverse practical experi-
ences in group settings. Instruction was tailored to align with the course
objectives, students’ learning conditions, and contemporary educational
needs. A key goal was to enhance students’ international perspectives,
supporting the Taiwan government’s vision of creating a bilingual
nation by 2030.

The course also aimed to train students in the use of technological
tools, such as Google Translate, for real-time vocabulary queries and
voice playback. This approach fostered active learning and imitation,
helping students acquire Al-related knowledge while strengthening their
English vocabulary comprehension and retention. Through consistent
practice, students improved their English language proficiency,
expanded their international mobility, and enhanced their professional
competence and future career prospects.

Post-class discussions were facilitated through the LINE platform,
encouraging students to actively engage with peers and instructors.
During class sessions, students were encouraged to use smartphones,
tablets, or laptops to search for Al-related vocabulary using Google
Translate. Formative assessments, in the form of group presentations,
were conducted to evaluate students’ understanding and their ability to
apply knowledge in meaningful ways.

Research design
Research scope

This study focuses on integrating Al, a key component of cutting-
edge global technological advancements, into the learning process.
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The course emphasized specialized English vocabulary related to Al,
aiming to enhance students’ understanding of AI concepts within the
context of their professional development.

In-class activities were designed to introduce students to commonly
used Al-related English terms. The instructor facilitated these sessions
by presenting questions and leading discussions around the vocabulary,
encouraging active engagement. This approach aimed to strengthen
students’ familiarity with Al terminology and concepts, equipping them
with the linguistic and conceptual tools necessary for success in modern
professional environments.

Research subjects and field

The course, titled Information and Communication Technology with
Al Applications, was a compulsory 2-credit general education course.
This research focused on students from various departments and grade
levels across the university who enrolled in the course.

Prior to the start of the research, students were provided with a
comprehensive overview of the course objectives, teaching regulations,
syllabus, schedule, and detailed course procedures. This ensured that
students had a clear understanding of what to expect and how the course
would be conducted.

The course was conducted in two separate sessions, each spanning
one academic semester.

First Session (September 2022-January 2023): Enrolled students
were from the Department of Communication Arts and the Department
of Environmental Engineering and Management.

Second Session (February 2023-July 2023): Enrolled students were
from the Department of Leisure Services Management and the Depart-
ment of Business Administration.

Each session consisted of two lecture-based courses designed to cater
to the needs of students from these diverse academic disciplines.

Research framework

To address the research questions, this study employs the TAM as its
theoretical foundation and develops the following hypotheses. For RQ1,
we propose hypotheses H1 to H5.

H1: PEOU positively influences PU.

H2: PU positively influences UA toward technology.

H3: PEOU positively influences UA toward technology.

H4: PU positively influences UI to use the technology.

H5: UA positively influences UI to use the technology.

0.874

0.870

0.871

0.703***

0.726***

0.855

0.929

0.877
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These relationships are depicted in Fig. 1, illustrating the in-
teractions among the TAM constructs.

For RQ2, the study examines whether technology acceptance be-
haviors vary across academic disciplines. The hypothesis is:

H6: Different academic disciplines exhibit varying behaviors in
relation to TAM.

For RQ3, the study investigates the impact of cooperative learning
and PBL on students’ motivation and attitudes toward technology. The
hypothesis is:

H7: Cooperative learning and PBL significantly enhance students’
learning motivation and attitudes toward technology.

Data collection

This study involved a total of 202 participants (N = 202) from
various academic departments, distributed as follows:

60 students from the Department of Communication Arts,

54 students from the Department of Environmental Engineering and
Management,

38 students from the Department of Leisure Services Management,
and

50 students from the Department of Business Administration.

Data were collected using a structured questionnaire, which is pro-
vided in Appendix I. The responses were coded and analyzed using SPSS
for Windows, enabling the examination of relationships between the
variables identified in the research framework.

Empirical analysis
TAM analysis

Following the implementation of the multimodal interactive teach-
ing method, a survey was conducted to test the TAM by gathering and
analyzing data. The analysis included factor analysis for factor loadings,
reliability testing to measure consistency, confirmatory factor analysis
(CFA) to assess convergent validity, and linear regression to evaluate
path coefficients.

In factor analysis, factor loadings represent the correlation between
observed variables and latent constructs. Factor loadings of 0.70 or
higher indicate a strong correlation between a variable and its construct
and signify a significant contribution of the variable to the construct.

Reliability testing measures internal consistency of the variables.
Composite Reliability (CR) is used in factor analysis and structural

0.397***

0.795

0.942

0.927

¢180
1160

6580

Fig. 1. Research framework.
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equation modeling to assess reliability. A CR value of 0.70 or higher
indicates good reliability.

In CFA the average variance extracted (AVE) assesses convergent
validity. An AVE value of 0.50 or higher indicates that the construct
explains a significant portion of the variance in its variables.

Table 1 presents the analysis results for all students, showing strong
factor loadings (all above 0.7). For example, the loadings for PU1, PU2,
and PU3 are 0.874, 0.870, and 0.871, respectively. The CR value for PU
is 0.905, and its AVE is 0.760, demonstrating strong reliability and
convergent validity. Across all students, the CR values exceed 0.8, and
the AVE values are greater than 0.7, supporting the internal consistency
and validity of the constructs.

Tables 2-5 present similar results for each department, with factor
loadings predominantly exceeding 0.7, CR values surpassing 0.8, and
AVE values above 0.5. These findings indicate that the model is robust
for all students and each department.

The regression analysis revealed consistent results across all students
and departments (see Tables 1-5). Key paths, such as PU — UA, PU — UI,
PEOU - PU, and UA — Ul, were significantly positive. However, the
path PEOU — UA showed no significance, with some coefficients being
positive and others negative. Fig. 1 illustrates all paths and their
respective coefficients, providing a visual representation of the re-
lationships within the TAM framework.

Differences in technology acceptance by department

To evaluate Hypothesis 6, pairwise comparisons of path coefficients
across departments were conducted. Table 6 summarizes the statistical
findings. The results indicate that certain paths, such as PU — UA and
PEOU - PU, exhibit no significant differences in path coefficients be-
tween departments, suggesting consistent behavior in these relation-
ships across disciplines.

However, significant differences were observed in other paths. Spe-
cifically, students from the Department of Communication Arts and the
Department of Leisure Services Management demonstrated notable
variation in the following paths: PEOU — UA, PU — Ul, and UA - UL

These findings highlight that students’ academic disciplines can in-
fluence their technology acceptance behaviors, particularly in how ease
of use and attitudes shape their intentions to adopt technology. This
suggests that tailored instructional strategies may be necessary to
accommodate these disciplinary differences.

Table 1
Analysis results (all students)
Variable Factor loading CR AVE
PU PU1 0.874 0.905 0.760
PU2 0.870
PU3 0.871
PEOU PEOU1 0.855 0.917 0.787
PEOU2 0.929
PEOU3 0.877
UA UAl 0.812 0.896 0.742
UA2 0.911
UA3 0.859
Ul un 0.795 0.920 0.792
UI2 0.942
UI3 0.927
Path Coefficient T value
PU -> UA 0.703 7.393%**
PU -> UI 0.397 10.519%**
PEOU -> PU 0.726 10.482%**
PEOU -> UA 0.141 1.677

UA -> UI 0.389 10.519%**
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Table 2
Analysis results (Department of Communication Arts)
Variable Factor loading CR AVE
PU PU1 0.915 0.942 0.844
PU2 0.901
PU3 0.939
PEOU PEOU1 0.841 0.953 0.872
PEOU2 0.934
PEOU3 0.889
UA UA1l 0.874 0.918 0.790
UA2 0.948
UA3 0.871
Ul uIl 0.813 0.938 0.835
UI12 0.951
UI3 0.970
Path Coefficient T Value
PU -> UA 0.921
PU->UI 0.455
PEOU -> PU 0.781
PEOU -> UA -0.251
UA -> Ul 0.419

Table 3
Analysis results (Department of Environment Engineering and Management)
Variable Factor loading CR AVE
PU PU1 0.925 0.883 0.718
PU2 0.856
PU3 0.752
PEOU PEOU1 0.811 0.878 0.707
PEOU2 0.941
PEOU3 0.760
UA UAl 0.745 0.870 0.692
UA2 0.888
UA3 0.856
Ul uI1 0.706 0.887 0.726
UI12 0.920
UI3 0.913
Path Coefficient T Value
PU -> UA 0.688 4.063**
PU -> Ul 0.260 3.077**
PEOU -> PU 0.433 2.689%*
PEOU -> UA 0.243 1.926
UA -> Ul 0.254 3.077*%*

Table 4
Analysis results (Department of Leisure Services Management)
Variable Factor loading CR AVE
PU PU1 0.916 0.952 0.870
PU2 0.909
PU3 0.972
PEOU PEOU1 0.887 0.953 0.872
PEOU2 0.976
PEOU3 0.936
UA UA1l 0.949 0.832 0.820
UA2 0.896
UA3 0.870
Ul uIl 0.934 0.967 0.907
Ul2 0.966
UI3 0.957
Path Coefficient T Value
PU -> UA 0.577 2.963**
PU -> Ul 0.419 6.627%**
PEOU -> PU 0.778 5.663%**
PEOU -> UA 0.298 1.560
UA -> Ul 0.442 6.627%**
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Pair-wise comparisons of behaviors in technology acceptance

D.-H. Huang
Table 5
Analysis results (Department of Business Administration)
Variable Factor loading CR AVE
PU PU1 0.751 0.850 0.651
PU2 0.849
PU3 0.818
PEOU PEOU1 0.903 0.963 0.809
PEOU2 0.898
PEOU3 0.897
UA UA1l 0.646 0.834 0.631
UA2 0.834
UA3 0.883
Ul UIl 0.798 0.893 0.736
UI12 0.926
UI3 0.846
Path Coefficient T Value
PU -> UA 1.312
PU -> Ul 0.438
PEOU -> PU 0.881 6.396%**
PEOU -> UA -0.371 -0.062
UA -> Ul 0.423 5.745%%*

Learning motivation and attitude

To evaluate the effectiveness of the innovative teaching method, the
study employed a single-group pre-test/post-test design to assess
changes in learning motivation and attitudes. Table 7 presents paired-
sample statistics for pre-test and post-test scores across all students,
while Table 8 shows the differences between the pre-test and post-test
scores.

Learning motivation was measured across six components: self-
efficacy, proactive learning strategies, Al learning value, performance
goals, achievement goals, and learning environment stimulation. The
average pre-test score was 3.42 (SD = 0.48), and the post-test score was
3.53 (SD = 0.54). A paired-sample t-test reveals a significant improve-
ment (t = 0.0000, p < 0.01).

Four components show significant improvements between pre- and
post-test scores as noted below.

Self-efficacy: Pre-test 3.45, Post-test 3.64 (t = 4.87, p < 0.001).

Al learning value: Pre-test 3.74, Post-test 3.83 (t = 2.13, p < 0.05).

Performance goal orientation: Pre-test 3.07, Post-test 3.15 (t = 2.40,
p < 0.05).

Learning environment stimulation: Pre-test 3.20, Post-test 3.35 (t =
4.13, p < 0.001).

Two components, proactive learning strategies and achievement
goals, did not show significant differences, with t-values of 1.80 (p =
0.073) and 1.45 (p = 0.149), respectively. Regarding learning attitudes,
which were assessed across six components (including self-awareness,
learning desire, and learning habits), the average pre-test score was
3.21 (SD = 0.52), and the post-test score was 3.31 (SD = 0.56). A paired-
sample t-test revealed a significant difference (t = 0.0000, p < 0.05).

Two components show significant improvements in learning atti-
tudes as follows.

Self-awareness: Pre-test 2.89, Post-test 3.17 (t = 6.88, p < 0.001).

Learning habits: Pre-test 3.09, Post-test 3.18 (t = 2.10, p < 0.05).

Four components, including learning desire and learning process, did
not show significant differences. However, the self-awareness compo-
nent exhibited a highly significant improvement, indicating a deeper
understanding of Al concepts and competencies. Further insights could
be gained by calculating the effect size for these findings.

Discussions
Theoretical implication

In educational theory, teaching is often divided into two core

PU ->UA

PEOU ->
UA

PEOU ->
PU

PU -> Ul

UA -> UI

Department

Business Administration
Communication Arts

Business Administration
Environment Engineering and
Management

Business Administration
Leisure Services Management
Communication Arts
Environment Engineering and
Management

Communication Arts

Leisure Services Management
Environment Engineering and
Management

Leisure Services Management
Department

Business Administration
Communication Arts

Business Administration
Environment Engineering and
Management

Business Administration
Leisure Services Management
Communication Arts
Environment Engineering and
Management

Communication Arts

Leisure Services Management
Environment Engineering and
Management

Leisure Services Management
Department

Business Administration
Communication Arts

Business Administration
Environment Engineering and
Management

Business Administration
Leisure Services Management
Communication Arts
Environment Engineering and
Management

Communication Arts

Leisure Services Management
Environment Engineering and
Management

Leisure Services Management
Department

Business Administration
Communication Arts

Business Administration
Environment Engineering and
Management

Business Administration
Leisure Services Management
Communication Arts
Environment Engineering and
Management

Communication Arts

Leisure Services Management
Environment Engineering and
Management

Leisure Services Management
Department

Business Administration
Communication Arts

Business Administration
Environment Engineering and
Management

Business Administration
Leisure Services Management
Communication Arts
Environment Engineering and
Management

Communication Arts

Coefficient
1.312
0.921
1.312
0.688

1.312
0.577
0.921
0.688

0.921
0.577
0.688

0.577
Coefficient
-0.371
-0.251
-0.371
0.243

-0.371
0.298
-0.251
0.243

-0.251
0.298
0.243

0.298
Coefficient
0.881
0.781
0.881
0.433

0.881
0.771
0.781
0.433

0.781
0.778
0.433

0.778
Coefficient
0.438
0.455
0.438
0.260

0.438
0.419
0.455
0.260

0.455
0.419
0.260

0.419
Coefficient
0.423
0.419
0.423
0.254

0.423
0.442
0.419
0.254

0.419

P Value
0.952

0.476

0.189

0.498

0.196

0.518

P Value

0.277

0.105

0.043*

0.024*

0.011*

0.526

P Value

0.274

0.265

0.681

0.069

0.533

0.178

P Value

0.018*

0.056

0.330

0.474

0.000%+*

0.044*

P Value

0.010*

0.008**

0.645

0.474

0.000***

(continued on next page)
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Table 6 (continued) Table 7
Leisure Services Management 0.442 All student paired sample statistics.
Environment Engineering and 0.254 0.005** Mean  Number  Standard Standard
Management Deviation Error of the
Leisure Services Management 0.442 Mean
Motivation: Self Pre- 3.445 202 .6006 .0423
components: instructional materials and teaching methods. A significant cacy Ziztre
challenge for educators lies in effectively enhancing students’ learning Post- 3638 202 6271 0441
motivation and attitudes. When facing difficulties during teaching, one test
strategic solution is to adjust either the instructional materials or the score
teaching methods. With the rapid pace of technological advancement Motivation: Active  Pre- 77 202 -5468 0385
. o s . . . Learning Strategy test
and the widespread application of Al, introducing cutting-edge knowl- score
edge into the classroom and employing innovative teaching techniques Post- 3.791 202 5945 0418
have become even more crucial. test
Based on the empirical findings of this study, most of the paths in the o score
TAM were supported, except for the path PEOU — UA. This suggests that Iﬁi’;?:f;g’gaﬁ Ie fer:‘t 3.740 202 5165 0363
TAM remains to be a relevant framework for explaining technology score
acceptance within a multimodal interactive teaching environment at the Post- 3.834 202 6778 .0477
university level. However, the lack of support for the path PEOU — UA, test
observed consistently across student groups and departments, can be o score
lained by t tential . Motivation: Pre- 3.069 202 3714 .0261
explained by two potential reasons: ‘ ' Performance Goal test
Higher Perceived Value: The students may perceive the combined score
use of LINE and Google Translate as so valuable that it outweighs any Post- 3.147 202 .4370 .0307
difficulties in ease of use, leading them to overcome any challenges in test
. . . score
learning both apphcat}ons. Motivation: Pre- 3.359 202 .4280 .0301
Ease of Use Not Salient: Both LINE and Google Translate may already Achievement Goal  test
be perceived as easy to use, rendering perceived ease of use less relevant score
in influencing students’ attitudes toward the apps. Post- 3.411 202 -4546 .0320
Furthermore, the study finds significant differences in the technology test
. . . score
acceptance behav1ors.of st}ldents from' different departments. This sug- Motivation: Pre- 3200 202 4355 0306
gests that when applying diverse teaching methods, educators should be Learning test
mindful of the distinct behaviors linked to students’ academic back- Environment score
grounds. Understanding these differences is key to customizing teaching Stimulation
approaches to maximize their effectiveness. f::tt' 3.345 202 4668 0328
Finally, the significant improvements in learning motivation and score
attitude, as shown by the pre- and post-test results, affirm that the Attitude: Self Pre- 2.891 202 5456 .0384
introduction of innovative teaching methods positively impacts stu- Awareness test
dents’ learning outcomes. The results of this study highlight the value of score
e . . . . . . Post- 3.174 202 .5609 .0395
utilizing innovative teaching techniques, such as multimodal interactive rest
learning, in enhancing students’ technology acceptance, motivation, score
and attitudes. Attitude: Learning Pre- 3.521 202 .5789 .0407
Desire test
score
Practical implication Post- 3.559 202 .6248 .0440
test
. . .. . score
From a practical standpoint, emphasizing the importance of Al- Attitude: Learning Pre- 3.274 202 4196 0295
related professional English and promoting interactive Q&A sessions Method test
offer significant benefits. By encouraging the use of tools like Google score
Translate and pronunciation apps on smartphones or tablets, students in f:sstt' 3.308 202 4431 0312
this study became more inclined to practice reading English aloud, score
which contributed to improvements in their grades. Attitude: Learning Pre- 2.908 202 4996 .0352
Instead of prohibiting the use of mobile phones in the classroom, Plan test
instructors can incorporate technology as part of the learning process. score
L . Post- 2,981 202 5711 .0402
By designing questions related to course content, students can be test
encouraged to use their phones for research, which not only makes the score
learning environment more dynamic and engaging but also gives them Attitude: Learning Pre- 3.094 202 .5324 .0375
access to the latest information online. Habit test
The use of LINE groups for discussions, especially during the COVID- score
. . . ). Post- 3.177 202 .5936 .0418
19 pandemic when face-to-face interactions were limited, proved both test
economical and convenient. Students participated in problem-based score
learning (PBL) through LINE, collaborating on discussions and Attitude: Learning Pre- 3.598 202 .5353 .0377
completing group projects remotely, which enhanced their ability to Process test
. . . . . . score
engage in colle?boratlve l'earnmg ever} in challenglng times. ' ' Post. 3649 202 5680 0400
In conclusion, the implementation of a multimodal interactive test
teaching method significantly enhances the teaching process and stu- score

dents’ learning experiences. It improves students’ motivation and
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Table 8
All students paired samples t-test (Post-test score - Pre-test score)
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Paired Differences t df Sig. (Two-Sided) p
Mean Std Dev Std Error Mean 95% Confidence Interval of the Difference
Lower Upper

Motivation: Self Efficacy .1936 .5645 .0397 1153 2719 4.874 201 .000%**
Motivation: Active Learning Strategy .0738 .5815 .0409 -.0069 1544 1.803 201 .073
Motivation: Al Learning value .0941 .6243 .0439 .0074 .1807 2.141 201 .033*
Motivation: Performance Goal .0777 .4597 .0323 .0139 1415 2.403 201 .017*
Motivation: Achievement Goal .0515 .5048 .0355 -.0186 1215 1.449 201 .149
Motivation: Learning Environment Stimulation 1446 4970 .0350 .0756 2135 4.134 201 .000%***
Attitude: Self Awareness .2832 .5876 .0413 .2016 .3647 6.849 201 .000%**
Attitude: Learning Desire .0381 .5426 .0382 -.0372 1134 .998 201 .319
Attitude: Learning Method .0337 4314 .0304 -.0262 .0935 1.109 201 .269
Attitude: Learning Plan .0733 .5476 .0385 -.0027 1492 1.902 201 .059
Attitude: Learning Habit .0832 .5623 .0396 .0051 1612 2.102 201 .037*
Attitude: Learning Process .0505 .5294 .0372 -.0229 1239 1.356 201 177

attitudes, fostering a more dynamic, engaging, and effective learning
environment.

Conclusion and recommendations
Conclusions

During the COVID-19 pandemic, many classes relied heavily on
digital technologies, and this course was no exception. LINE groups were
used to facilitate group discussions and keep students engaged, even
when in-person attendance was not feasible. Despite these challenges,
students remained focused and gained valuable insights through online
interactions. Given the growing importance of Al and bilingual capa-
bilities for future national competitiveness, the integration of Al-related
content into the mandatory general education curriculum was vital in
equipping students with skills that align with global advancements.

The use of Google Translate to support Al-related English vocabulary
and pronunciation significantly enhanced students’ learning motivation
and attitudes. The course not only deepened their understanding of Al
but also fostered skills that are relevant to international trends.

The empirical findings confirm that the TAM remains a reliable
framework for understanding technology acceptance in a multimodal
interactive teaching environment. Most of the model’s paths exhibit
significant positive relationships, except for the link between PEOU and
UA. A possible explanation for this is that both LINE and Google
Translate are inherently user-friendly, making ease of use less influential
than other factors. The analysis also revealed variations in technology
acceptance behaviors across students from different departments,
emphasizing the need for educators to consider these differences when
applying new teaching methods.

The course incorporated Al-related English vocabulary quizzes and
interactive teaching methods, motivating students to use Google
Translate for pronunciation assistance. By integrating a PBL approach
and fostering collaborative learning through LINE group discussions,
students became more actively engaged with the course content. The
condensed course structure allowed them to explore a broad range of
knowledge, significantly enriching their learning experience.

In conclusion, the Al-focused general education course successfully
enhanced students’ motivation, attitudes, and understanding of Al The
combination of technology integration and dynamic teaching methods
contributed to creating a positive and impactful learning environment.

Future research

This study utilizes the TAM to investigate the acceptance of Al-

Appendix 1. Question Items of TAM

related tools in education. TAM is favored for its simplicity compared
to the Unified Theory of Acceptance and Use of Technology (UTAUT).
The choice of TAM stems from its focused scope and ease of application,
which makes it suitable for exploring the mediating effects of PEOU and
PU in the relationship between system characteristics and technology
acceptance (Legris et al., 2003). TAM has been widely validated in
numerous studies and remains one of the most commonly used models
for measuring technology acceptance (Ma & Liu, 2004). In contrast,
UTAUT includes additional variables such as social influence, facili-
tating conditions, and hedonic motivation to predict user intentions and
behaviors toward technology adoption (Harnadi et al., 2022). While
UTAUT offers a more comprehensive framework, TAM provides a
foundational approach that effectively addresses the key variables
relevant to this study.

While TAM is useful for examining PU and PEOU, along with their
impact on users’ attitudes and intentions, future research could benefit
from applying UTAUT to explore additional constructs, such as social
influence and facilitating conditions. By incorporating these additional
factors, UTAUT could offer more comprehensive insights into technol-
ogy acceptance within educational settings, helping to better understand
the complex factors that influence user behavior.

Moreover, gamification and game-based learning are emerging
technologies that educators are increasingly adopting to enhance stu-
dent engagement and skill development (Emihovich, 2024). The global
sales revenue from gamification is expected to reach $32 billion by
2025, while the game-based learning market is projected to be valued at
$25.7 billion (O'Neill, 2022). As these methods gain traction in educa-
tional settings, future research could examine how they affect technol-
ogy acceptance and learning outcomes. In terms of learning outcomes,
maintaining focus and immersion can significantly enhance a student’s
learning experience (Dahalan et al., 2024). For example, Green and
Bavelier (2003) find that video game players improved their visual
attention, while Anderson and Bavelier (2011) show that fast-paced
action games enhanced perception, attention, and cognitive processes.
Similarly, Karle et al. (2010) observe that computer game players had
significantly faster reaction times on complex perceptual tasks. Under-
standing the role of gamification in technology acceptance could pro-
vide valuable insights for future educational technologies and
instructional strategies.
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Variable Item
PU (Perceived Usefulness)

PEOU (Perceived Ease of Use)

UA (Attitude Toward Use)

UI (Usage Intention)

PU1: I believe using Al-powered Google Translate enhances my English vocabulary.

PU2: I believe using Al-powered Google Translate helps me understand my English vocabulary deficiencies.

PU3: I believe using Al-powered Google Translate assists me in strengthening my English vocabulary.

PEOU1: I think Al-powered Google Translate is easy to use.

PEOU2: I think the operational process of Al-powered Google Translate is simple.

PEOU3: I think the interface menu of Al-powered Google Translate is clear.

UAT1: I believe I should use Al-powered Google Translate to help improve my English vocabulary.

UA2: I think Al-powered Google Translate is a good tool for enhancing my English vocabulary.

UAZ3: I think using Al-powered Google Translate is a good method for addressing my English vocabulary deficiencies.
UI1: I am willing to regularly use Al-powered Google Translate to help improve my English vocabulary.

UI2: I am willing to recommend my classmates use Al-powered Google Translate to help with their English vocabulary.
UI3: I am willing to recommend my friends and family use Al-powered Google Translate to help with their English vocabulary.
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