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This research focuses on problem-based learning (PBL) teaching methods and designs artificial intelligence (AI)
in facial recognition systems, smart streetlights, and drone as teaching materials. To integrate teaching materials
of life situation issues into the natural general curriculum and develop a learning perception questionnaire (LPQ)
with validity and reliability to evaluate students’ perception of the curriculum. Based on a valid assessment tool,
56 college students were assessed on their learning of emerging technology contextual issues to evaluate their
satisfaction, learning situation, and learning effectiveness. The results of the study are, as follows:
(1) construct teaching materials for Al application in face recognition systems, street lights, and drone situations;
(2) develop an LPQ with reliability and validity; (3) most students are satisfied with the integration of Al into PBL
teaching; (4) most students believe that the integration of cross-domain learning in different subjects can help
improve self-learning effectiveness and ensure continuous learning interest; and (5) many students agree that
this course can improve learning outcomes. In the future, the focus will be on teaching practice, incorporating
easy-to-use Al textbook content, and enhancing the opportunities for interactive learning; in addition,
increasing the number of effective samples in the research to improve the depth of the experiment and the

breadth of research.
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INTRODUCTION

The 215t century is an era of emerging technological
innovations. Industries are emerging rapidly. Artificial
intelligence (AI), the Internet of things, augmented reality,
virtual reality, and 5G have quietly entered everyone’s lives. In
the life circle of Al, the application fields of Al are becoming
more diverse, and cross-domain learning combining multiple
disciplines is becoming more popular (Rihtarsic et al., 2016;
Su, 2021a). The practice of Al includes streetlights, drones,
smart cities, self-driving cars, and robots. The applied fields
included agriculture, medical care, transportation, financial
services, catering, and hotels. Cross-domain and cross-
disciplinary learning makes Al a contemporary science. A
technological revolutionary tool continues to shine and
generate heat.

Nonetheless, in the real world, Al continues to encounter
obstacles and restrictions (Benitti, 2012). This problem
implements necessary education, additional research
development, and learning methods (Sullivan & Heffernan,
2016). Therefore, some advanced countries strive to
participate in Al education integration and active research

(Alimisis, 2013). Just like the research of Huang (2018),
integrating Al into natural science learning is an important
learning strategy. This strategy helps to improve students’
learning performance. Problem-based learning (PBL) is a
student-centered teaching method (Jansson et al., 2015;
Syadiyah et al., 2017), where students learn from their relevant
and interesting problem structures. This substantive learning
strategy enhances their motivation to learn and promotes the
practice of teaching and learning skills such as teamwork,
problem-solving, self-discipline, and improved academic
performance (Mundilarto, 2018; Syadiyah et al., 2017). PBL has
been applied in cross-field teaching and has attracted the
attention of scholars (Sakir & Kim, 2020).

The method of PBL is to apply ill-structured problems to
acquire new knowledge based on the scientific
implementation (Jansson et al., 2015; Syadiyah et al., 2017)
and initiate learning problems through life problem-solving,
connecting learning experiences and activated learning, and
then improving their knowledge. Jansson et al. (2015)
proposed PBL teaching method, which could help students
improve their problem-solving and assessment learning
abilities and deepen their understanding of science courses;
Gunter and Alpat (2017) found that PBL achieved significant
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learning in science learning. Rillero and Chen (2019) also
found that PBL can combine different courses to experience
meaningful topics. Herndndez-Ramos et al. (2021) emphasized
that PBL teaching methods provide learning potential for
solving practical environmental problems in natural science
education.

Alis becoming more and more popular in a variety of fields,
including STEM education (Jang et al., 2022), computer science
(Di Eugenio et al., 2021), mathematics education (Gadanidis,
2017), and music education (Zuli¢, 2019), among others,
research on its application in various fields shows that Al has
the potential to transform and enhance the educational
experience. The empirical study on incorporating Al themes
into life science scenarios using PBL teaching techniques is
fragile, and the breadth of implementation and the number of
publications addressing the integration of Al into scientific
education remain somewhat limited (Su, 2022).

This study uses PBL teaching method to design three Al life
issues to conduct diffusion evaluation research to address this
critical gap in the literature. In summary, this Al problem-
based life situation strategy teaching guidance and design is
an innovation and experience of this teaching method. It
aspires to make teaching in the general course “technology
society and life” more relevant and students’ learning more
vivid and engaging.

Research Purpose & Questions

Based on the above research motivations, this research
aims to use PBL teaching method to design three Al issues in
facial recognition systems, smart streetlights, and drones in
life situations. Teaching materials to assess students’ learning
perceptions. Accordingly, the focus issues of this study are, as
follows:

1. How to design a life-situation experience teaching
material for AI new issues by PBL teaching method?

2. How to develop a valid and reliable learning perception
questionnaire (LPQ) to evaluate their satisfaction with
course, learning situation, and learning effectiveness?

3. How do students solve the difficulties encountered by
their group discussion in cross-disciplinary experience
and problem-solving?

LITERATURE REVIEW

Problem-Based Learning

Student-centered PBL, a teaching method based on ill-
structure problems, groups for cooperative learning and
discussion under the guidance of teachers, analyze and clarify,
plan solutions, guide learning directions, find strategies to
solve problems based on group discussions, test results and
provide feedback analysis, complete PBL process (Jansson et
al., 2015; Prince & Felder, 2006; Su, 2022). Jansson et al. (2015)
and Yoon et al. (2014) stressed that PBL strategies could help
improve problem-solving, evaluate self-learning and skills,
and enhance their in-depth learning and profound
understanding of the subject content. Gunter and Alpat (2017)
studied the application of PBL teaching strategies in science
courses and found significant learning effects.

Artificial Intelligence

The difference between Al and human intelligence (HI) is
that AI can combine the perception, learning, memory,
knowledge, semantics, reasoning, language, and thinking of HI
with machine learning to implement it on a computer (Lai,
2016; Su, 2021a). Scholars have found that AI could provide
students with personalized teaching and improve problem-
solving skills, learning, and decision-making strategic
judgments (Ng, 2016; Ricoy & Feliz, 2016). The social
applications of Al in life are becoming more diverse, and they
are increasingly closely related to human life experience and
social survival (Topcu et al., 2010). The implementation of this
technology, as Bansal et al. (2016) and Nordhoff et al. (2017)
pointed out that driverless cars or buses could enable
passengers to focus on business and improve productivity
during long-distance travel. Hsu et al. (2020) pointed out the
distinction between facial recognition systems and generative
adversarial networks that these issues related to scientific
cognitive learning literacy and social abilities.

Situated Learning Theory

Situated learning theory emphasizes the presentation of
knowledge from the practical application of real-life
situations. To combine learning and application, allowing
learners to think and practice at the same level as experts and
learn through social interaction and collaborative cooperation.
Halim and Saat (2017) believe that in the context of this
interactive process, students could integrate their relevance to
clear expression and make decisions. In addition, they might
suitably enhance the range and depth of information learning.
However, they apply the knowledge they have gained to
communicate and solve problems faced in life and further
improve their conceptual understanding and problem-solving
abilities (Sevian et al., 2015; Su, 2018). To come true and
realize the philosophy that education is life (Su, 2021a).

Problem-solving of Al applications in daily life has become
a fundamental issue in the development of emerging
technologies. Therefore, this study combines the real-world
insights of PBL teaching method with the facial recognition
system and smart streetlights of AI life applications to
establish situational life teaching materials and effectively
develop learning evaluation tools to estimate learners’
learning effectiveness. Figure 1 presents the theoretical
framework of learning effectiveness. Figure 1 describes that
situated learning and PBL provide students with the ability to
think and experience real-world problems, situated learning
and Al provide a learning environment for technical practice,
and Al and PBL deepen students’ scientific learning literacy.
Accordingly, expect the relationship between PBL, Al, and
situated learning to improve their learning effectiveness.

METHODOLOGY

Participants

To study the appropriateness and consistency of the
sampling, the sample of this study comes mainly from
sophomore students from the school, where the researcher
teaches. A total of 56 students from the fourth technical
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Figure 1. Theoretical framework of relationship between PBL,
Al, & situated learning (Source: Author’s own elaboration)

Table 1. Students’ background & characteristic analysis
(n=56)

Characteristic Variance Frequency (n) Percentage (%)
Gender Male 28 50.00
Female 28 50.00
20 42 75.00
Age 21 7 12.50
22 7 12.50
Hospitality 18 32.10
Major Language 16 28.60
Leisure 22 39.30

department who took the general course “technology, society
and life” participated (28 boys and 28 girls, aged 20-22).

Table 1 presents demographic information about
students’ backgrounds and characteristic analyses.

Research Design

The students were divided into seven groups according to
the homogeneity of their expertise in the department to
explore student satisfaction with the course, learning
situation, and learning effectiveness evaluation.

Table 2 shows the experimental research design model
with two hours per week and a total of five weeks. The teaching
experiment process includes an introduction to PBL,
application of Al in life, identification of problems, data
collection, group discussion construction and presentation of
evidence for problem-solving, group presentation, and
evaluation of learning contribution. All PBL teaching steps
included ill-structured questions, clarifying problems,
planning self-directed learning, putting forward problem-
solving, reviewing problem-solving, and presenting their final
reflection feedback (Lee & Bae, 2008; Su, 2022).

Research Instrument

In this study, the findings presented quantitative and
qualitative data and explored students’ creativity in their
learning through surveying equipment and data collection.
The evaluation tools, the issues-based situational LPQ,
included the personal background of participants and a
structured learning attitude questionnaire of a five-point
Likert scale, with options such as strongly agree, agree,
neutral, disagree, and strongly disagree. The background
information given by the students served as independent

Table 2. PBL strategy teaching experimental research design
model

Grou Pre-test Experimental Post-test

P administration process administration

Scenario 1: Facial

. Keynote speech o Post-test

Experimental recognition system .
on PBL & Al - Achievement
group (Ei~E7) re-test Scenario 2: Smart resentation
P streetlights & drone P

Time (min) 240 240 120

variables in the study. Furthermore, LPQ’s three subscales
provided dependent variables.

The draft concerning the questionnaire (Su, 2022) invited
three experts to conduct a substantive review, revision, and
deletion of questions. The revised questionnaire was pre-
tested after the mid-term exam in the second semester of the
2021 academic year. A total of 44 students participated in the
pre-test. After factor analyses for Kaiser-Meyer-Olkin data
(0.686) and y2 data (882,588,928) of Bartlett spherical study
showed significant initial results, factor analyses were
considered appropriate for the questionnaire. The primary
component analyses of the questionnaire took three factors
into account. Three initial Eigenvalues were over 1.0 with an
accumulative explanatory variation of 88.23%. The three
aspects’ eigenvalues were 1.331, 3.094, and 10.573. All factor
analysis results obtained three dominant dependent variables
of the questionnaire: Qa (course satisfaction), Qb (classroom
learning environment), and Qc (learning effectiveness). Then,
using SPSS to analyse three variables. The questionnaire has
17 test questions and their loading factors in Appendix A. The
overall Cronbach’s alpha reliability value was .946, and it
became a formal questionnaire. According to the pre-test, the
overall questionnaire mean (M) is 4.000, standard deviation
(SD) is .688, and Cronbach’s alpha value is more than .9.
According to the literature (Salta & Tzougraki, 2004; Su, 22),
the reliability of any scale whose coefficient reaches .90 or
above indicates that the internal consistency reliability of the
scale presents an excellent level.

Data Collection & Ethics

This study focuses on quantitative data collection and
descriptive statistical analysis. Conduct computer English
coding and data review on the data collected before and after
the experimental teaching. Statistical methods included
Cronbach’s alpha internal consistency of test questionnaires,
descriptive statistical analysis, and one-way ANOVA. SPSS
25.0 statistical analysis program for MS Windows. The
experimental teaching conducted in this study was conducted
with the informed consent of the students and complied with
ethical considerations. All students are entirely based on
volunteers and active participation to conduct this research.
Students also agreed to participate in this study.

RESEARCH RESULTS

Teaching Material Design

The teacher plays the role of facilitator and guide in the
teaching material design through the constructive learning
theory of Ausubel (2000).
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Table 3. Students learning situation in this course

No Test items Agree (%)
1 I will take the initiative to share my opinions and speak. 60.40
2 I will actively engage in group discussions to cooperate and interact with classmates. 64.60
3 I will use diverse information to help me complete various group discussion topics. 62.50
4 I think it can build cohesion and emotional support with classmates. 66.70
5 I found it very challenging, and I could learn new things. 64.60
6 I think the course will attract me even though some courses are difficult to learn. 60.40
7 I have put in a lot of effort in this course 62.50

Table 4. Students learning effectiveness in this course

No Test items Agree (%)
1 I have expanded my professional knowledge and abilities. 70.80
2 I have improved my problem-solving skills. 70.80
3 I have strengthened my analysis/integration skills. 68.80
4 I have improved my critical thinking skills. 62.50
5 I understand the implementation and methods of teamwork. 70.80

Designing authentic AI social application scenario
textbooks in life: scenario 1, Facial recognition systems;
scenario 2, smart streetlights and drone intelligence. Integrate
two-scenario issues into PBL teaching to guide student group
interaction and discussion, allowing students to ponder over
and over again and strengthen the conceptual profound
understanding. In the facial recognition system, students
encounter two ill-structured problems. One is “does Al
pedestrian trajectory interfere with other people’s freedom or
privacy?” Another is “will facial recognition systems increase
or reduce crime?” However, streetlights and drones also
encounter two ill-structured problems, such as “does poor
message reception contribute to crime rates?” and “can the
detection accuracy of smart drones reach 100%?” Students
move from encountering ill-structured problems to problem-
solving planning, using self-research and data collection, and
starting from group discussions. They establish problem-
solving consensus and propose appropriate solutions to
complete problem-solving tasks.

Descriptive Statistical Analysis

After the experimental teaching, all students engaged in
the test of the structured questionnaire. The descriptive
statistical analysis of their situational issues’ effective
recovery rate was 100%. There were three aspects (Qa, Qb, and
Qc) in LPQ and described, as follows:

Course satisfaction (Qa)

72.90% of students thought that the teacher’s teaching
methods were helpful for their learning in this course. 62.50%
of students pointed out that group reports and discussions
were meaningful for their learning integration in this course.
62.50% of students expressed satisfaction with the course
content and schedule. 68.80% of students thought that PBL
course is helpful for future self-learning. And 68.80% of
students were satisfied with the overall course of this
semester.

Learning situation in classroom (Qb)

A fundamental feature of this course is their problem-
based live learning setting. The issue included asking
questions, cooperating with learning, diverse information,
building cohesion and emotional support, and challenging,

attracting, and inspiring my learning. Table 3 shows the
degree of agreement with the learning situation. This
agreement in Table 3 is more than 60.00%.

Learning effectiveness (Qc)

The average percentage of post-test is 68.70% for students’
learning effectiveness in this course, as shown in Table 4. In
Table 4, the learning effectiveness of Al in natural sciences
indicates to expand their professional knowledge and abilities,
improve problem-solving skills, enhance analysis/integration
skills, improve critical thinking skills, and implement
teamwork.

DISCUSSION

The course satisfaction (Qa) analysis found that most
students were satisfied with the course learning, and more
than 2/3 of the students believed that PBL course would be
helpful for future self-learning. It indicated that student
learning satisfaction presented positive attributes. This result
echoed scholars (Adesope & Nesbit, 2012; Lin & Atkinson,
2011; Su, 2014) who found that PBL-guided learning could
help improve students’ satisfaction with PBL learning
(Adesope & Nesbit, 2012).

The dimensional analysis of students’ learning situations
(Qb) found that students in this course actively share opinions
and speak, participate in group discussions, and cooperate and
interact with classmates. They used diverse information to
help complete various group discussion topics and build
cohesion and affection with classmates. Support, the course is
challenging, and I could learn new things. They feel it will
entice me even though some learning in this research may be
complicated. They put a lot of learning effort into this course.
Most students agree with this learning situation. During PBL
learning process, students could actively participate in group
discussions. 60.40% of students feel that even challenging
subjects will appeal to them.

Scholars (Alan et al.,, 2019; Mohtar et al.,, 2019)
emphasized that integrating cross-discipline learning from
different disciplines could help improve students’ self-
efficacy, ensure sustained learning interest, and produce
better creations.
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Therefore, the results of this study echoed the arguments
of scholars. To combine the content of natural science courses,
such as facial recognition systems, streetlights, and drones, its
cognitive and visual experience used emerging technology
products to leverage hands-on and brain-based diverse cross-
disciplinary. The strategies integrated learning to improve
students’ problem-solving abilities to apply knowledge and
present their scientific and technological literacy with high-
order scientific thinking.

In terms of students’ evaluation of the learning
effectiveness of this course (Qc), most students agreed that
this course could expand their professional knowledge and
abilities, improve their problem-solving skills, strengthen
their analysis and integration skills, and enhance their critical
thinking and profound understanding. Furthermore, to
demonstrate collaboration implementation and approaches.
By incorporating PBL teaching into Al courses, most students
have improved their problem-solving abilities, expanded their
professional knowledge, and completed tasks due to group
teamwork. Just like the research by Su (2021a), it revealed that
the purpose of promoting educational communication
technology research was to enable students to evolve from
knowledge transfer to application of knowledge. In summary,
from the quantitative analysis of three aspects, this teaching
strategy improves students’ course satisfaction, situational
learning and learning effectiveness.

CONCLUSIONS & IMPLICATIONS

Conclusions

The successful outcomes of integrating Al emerging
technologies into natural science education and PBL teaching
approach were encouraging and based on the findings and
discussions in this research. After the second thematic lecture
on “PBL~problems and problem-solving” and “application of
Al in daily life” and Al life situation PBL, students have a
profound understanding of facial recognition systems,
streetlights, and drones.

They produced a self-scaffolding to solve problems in
natural science courses by Al in life. Students could use the
scaffolding successfully to solve the technological and social
issues in life. However, they should improve their thinking
skills in facing dilemmas and learn to be diverse. Exploring
thinking and relationships, problem-solving abilities, and
understanding the principle of “education is life,” as stated by
American educational psychologist Dewey (1915) in (Su,
2021b).

This research summarized three conclusions, as follows:
1. Most students are satisfied with Al in PBL teaching.

2. Most students believe that cross-disciplinary learning
from different disciplines could help improve self-
learning efficacy and ensure sustained interest.

3. Many students agreed that this course could improve
their learning effectiveness in the questionnaire.

Problems Encounters

The problems encountered during the implementation of
the course were, as follows:

1. Students need to spend time strengthening the
concepts for PBL building. PBL course is novel for some
students. Therefore, arrange lectures from professional
teachers so that students can improve the way of
conducting PBL courses. However, a few students have
low attendance and often feel overwhelmed during
group discussions. This dilemma requires constant
reminders from classroom teachers. Especially during
the COVID-19 pandemic, online group presentations
are so arduous.

2. The cognitive level of Al courses puts pressure on a
small number of learners. Even though the application
knowledge of Al in life has become more and more
extensive, students are still confused about the
solution structure of the problems faced by facial
recognition systems, streetlights, and drones in daily
life. Even though the Author invites experts to lecture,
they are still confused. Some students’ understanding
of new knowledge needs strength, even though some
courses are laborious. It shows the students’ resilience
and eagerness to complete the learning tasks of this
PBL course.

Implications

The above data revealed that their logical reasoning and
thinking capabilities may help them solve problems. A
descriptive statistical investigation of learning perceptions
demonstrated that cooperative learning improves their
positive thinking abilities. In addition to comparing,
evaluating, and reasoning with literature, students learned
issues that needed to be answered quickly in science class and
then practiced the educational objectives. As a result, from the
standpoint of teaching practice and future research on design
thinking, the following two recommendations were made:

1. Suggestions for teaching practice incorporate easy-to-
use Al teaching materials into teaching practice and
construct immersive experiential software design to
improve the effectiveness of students’ experiential
learning. As a result, schools should build professional
classrooms and acquire the required software.
Hardware enhances interaction between students and
emerging technologies, embraces emerging
technologies, and is at the forefront.

2. Suggestions for follow-up teaching research design.
Due to the limited number of samples studied in this
research, when making inferences carefully. We hope
that more effective data can be added in the future,
thereby increasing depth and breadth of experiment.
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APPENDIX A

Table Al. Factor Loadings of learning perception questionnaire

Subscale Items Factor loading
1. I think that the teacher’s teaching methods were helpful for my learning in this course. 944
2. 1think that group reports and discussions were meaningful for my learning integration in this course. .925
Qa 3. I satisfied with the course content and schedule. 916
4. I think that the PBL course is helpful for future self-learning. .822
5. I satisfied with the overall course of this semester. .810
6. I will take the initiative to share my opinions and speak. .909
7. I will actively engage in group discussions to cooperate and interact with classmates. .878
8. I will use diverse information to help me complete various group discussion topics. .876
Qb 9.1 think it can build cohesion and emotional support with classmates. .846
10. I found it very challenging, and I could learn new things. .835
11. I think the course will attract me even though some courses are difficult to learn. 757
12. T have put in a lot of effort in this course. 747
13. T have expanded my professional knowledge and abilities. .905
14. T have improved my problem-solving skills. .901
Qc 15. I have strengthened my analysis/integration skills. .862
16. I have improved my critical thinking skills. .753
17. I understand the implementation and methods of teamwork. 672




