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Abstract

The World Economic Forum has proposed a vision of Education 4.0 in 2022, pointing out
that innovative pedagogies and emerging technologies should be applied to place students at
the center of learning and develop their ability to solve real-world problems. This study
implemented STEAM project-based learning (PBL) combined with emerging technologies in
Taiwanese elementary schools, hoping to improve students’ 2Ist century skills
(communication, collaboration, and problem solving). Seven experimental schools with 343
students from grades 4-6 participated in this study. Each school had an experimental group
and a comparison group. There were 173 students in the experimental group and 170 students
in the comparison group. The experimental group received STEAM PBL combined with
emerging technologies, and the comparison group received traditional pedagogy. Both groups
completed pre- and post-test questionnaires on communication, collaboration, and problem
solving. Considering the differences in pedagogical background between the seven schools,
this study applied meta-analysis to calculate the overall effect size to obtain more accurate
results. The results found that the experimental group was more effective than the
comparison group in improving students’ communication, collaboration, and problem
solving, all of which achieved medium effect sizes. It shows that STEAM PBL combined
with emerging technologies can effectively increase students’ 21st century skills, which is of
great help to their future learning performance and career development.
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Introduction

World Economic Forum proposed Education 4.0 to enable students to acquire Industry 4.0
skills for future career development (World Economic Forum, 2022). Education 4.0 pointed
out that it is necessary to cultivate students’ 21st century skills (such as communication,
collaboration, and problem solving skills) through interdisciplinary learning, innovative
pedagogies, and emerging technologies to enhance global economic prosperity (World
Economic Forum, 2022). STEAM project-based learning (STEAM PBL) is an innovative
interdisciplinary pedagogy that integrates science, technology, engineering, arts, and
mathematics (Lu et al., 2022). STEAM PBL uses real-world problems to put students at the
center of learning. Students actively apply interdisciplinary knowledge and emerging
technologies to develop problem-solving products (Fernandez-Morante et al., 2022). In the
process of developing products, students need to constantly discuss and cooperate with their
group members, stimulating collective intelligence to solve problems effectively (Lu et al.,
2022). In addition, emerging technologies can support students to interact with the real world
more frequently and develop products that are closer to real needs (Mota-Valtierra et al.,
2019). However, there is still insufficient empirical research on STEAM PBL for students’
21st century skills, so it is necessary to verify the effectiveness of STEAM PBL with
empirical evidence (Perignat & Katz-Buonincontro, 2019).

According to the above research objectives, this study can be divided into the three research
questions:

1. Is STEAM PBL combined with emerging technologies better for elementary school
students’ communication skills than traditional instruction?

2. Is STEAM PBL combined with emerging technologies better for elementary school
students’ collaboration skills than traditional instruction?

3. Is STEAM PBL combined with emerging technologies better for elementary school
students’ problem solving skills than traditional instruction?

Methods
Participants

The participants in this study came from 7 elementary schools, with a total of 343 students in
grades 4-6 (170 in the experimental group and 173 in the comparison group). All seven
schools participated in Taiwan’s advanced interdisciplinary project for K-12 schools of the
Ministry of Education. This project aims to promote STEAM PBL combined with emerging
technologies to all K-12 schools in Taiwan, cultivating students’ interdisciplinary knowledge,
21st century skills, and global competence.

Experimental procedure

Each of the seven schools had an experimental group and a comparison group. The
experimental group received STEAM PBL combined with emerging technologies, and the
comparison group received traditional instruction. Both groups received the pretests on 21st
century skills before the course was implemented, and the posttests after the course ended
(one semester). STEAM PBL will apply the K-12 P°BL theory modified by Yang et al. (2022)
from Fruchter (1998) to design learning activities. K-12 P°BL includes five phases: 1)
problem; 2) project; 3) product; 4) process; and 5) place. Problem means meaningful real-



world problems. Project means the learning activities related to the project. Product means
authentic product. Process means students use higher order thinking skills and metacognition
to optimize their products. Place means the product connects with the community and
supports the United Nations Sustainable Development Goals. The emerging technologies
used by the seven schools include artificial intelligence of things (AloT), augmented reality
(AR), virtual reality (VR), and drone.

Materials

This study used the communication scale (12 questions), the collaboration scale (9 questions)
and the problem solving scale (17 questions) developed by Yang et al. (2022) as research
tools. The three scales were all 5-point Likert scales, and the Cronbach’s a ranged from .90 -
.93, which had good reliability and validity.

Data analysis

Firstly, this study used analysis of covariance to calculate the effect size of each school in the
three 21st century skills. Since each school had different background factors (e.g., teaching
content), meta-analysis was used to integrate an overall effect size to obtain a conclusion.
Hedges’s g was used to identify the effect size in small sample size because most
experimental and comparison groups were less than 30 people (Borenstein et al., 2009). A g
between .20 to .49 is defined as small effect size, a g between .50 and .79 is defined as
medium effect size, and a g greater than or equal to .80 is defined as large effect size (Cohen,
1988).

Results and Discussion
Communication

As shown in Fig. 1, the effect sizes of the seven schools ranged from .13 to .87. The overall
effect size was .55, and the p-value was less than .05. The overall result reached a medium
effect size. Therefore, the experimental group had better communication improvement than
the comparison group. It means that STEAM PBL combined with emerging technologies can
effectively improve students’ communication skills.

When developing solutions to real-world problems, students are constantly discussing the
most feasible solution with group members (Rahmawati et al., 2022). After translating their
solution into an authentic product, students introduce the functions and value of the product
to peers, teachers, and community members (Miller et al., 2021). Therefore, students
continue to practice communication skills throughout the learning process (Turcotte et al.,
2022).



Study name Statistics for each study Hedges's g and 95%Cl

Hedges's Standard Lower  Upper

g error  Variance limit  limit Z-Value p-Value
School_01 0.67 0.34 011 001 133 199 005 ——
School_02 0.49 0.24 006 002 09 203 004 -l
School_03 0.13 0.29 008 -044 070 045 065 —I_
School_04 0.32 0.28 008 -024 087 112 026
School_05 0.87 031 009 026 147 282 000 -
School_06 0.80 0.28 008 025 134 288 000 i
School_07 0.70 031 010 009 132 225 002 —-

0.55 0.11 001 034 077 508 000 ¢

-4.00 -2.00 0.00 2.00 4.00

Figure 1: Effect sizes of communication of the seven schools.
Collaboration

As seen in Fig. 2, the effect sizes of the seven schools ranged from .13 to 1.16. The overall
result was significant with a medium effect size (g = .51, p < .05). It showed that the
experimental group had a better improvement effect in terms of collaboration. As a result,

STEAM PBL combined with emerging technologies can improve students’ collaboration
skills.

At the beginning of the course, students need to cooperate with group members to collect
information and explore the causes of real-world problems, and build a sense of
responsibility toward teamwork (Melguizo-Garin et al., 2022). With the support of simulated
scenarios created in AR and VR, students can brainstorm with group members to find the
best solution, increasing their confidence in collaborative problem solving (Papanastasiou et
al., 2019). Therefore, STEAM PBL combined with emerging technologies provides students
with many opportunities for cooperative learning and develops their collaboration skills
(Cheng et al., 2022).

Study name Statistics for each study Hedges's g and 95%Cl
Hedges's Standard Lower  Upper
g error  Variance limit  limit Z-Value p-Value
School_01 0.14 0.33 011 -050 078 043 0.66
School_02 0.62 0.24 006 015 110 257 0.01 . 3
School_03 0.16 0.29 008 -041 073 054 059
School_04 0.13 0.28 008 -042 0.68 045 0.65
School_05 1.07 0.31 010 045 169 340 000 -
School_06 0.44 0.27 007 -009 097 1.64 0.10
School_07 116 0.33 011 051 180 352 0.00 ——
051 0.11 001 030 073 469 0.00 ¢

400 200 000 200 400
Figure 2: Effect sizes of collaboration of the seven schools.



Problem solving

As shown in Fig. 3, the effect sizes of the seven schools ranged from .14 to 1.01. The over
results showed that the experimental group had a better effect on enhancing students’
problem solving skills (g = .53, p <.05). It means that STEAM PBL combined with emerging
technologies can positively enhance students’ problem solving skills.

The real-world problems in students’ lives can stimulate students’ problem solving interest
(Lu et al., 2022). As students develop meaningful products through hands-on activities, their
motivation to solve problems increases (Mursid et al., 2022). AloT allows students to interact
frequently with the real world and improve their problem solving experience through trial and
error (Auerbach et al., 2018). Therefore, the authentic situated learning created by STEAM
PBL combined with emerging technologies can effectively enhance students’ problem
solving skills (Fernandez-Morante et al., 2022).

Study name Statistics for each study Hedges's g and 95%Cl
Hedges's Standard Lower  Upper
g error  Variance limit  limit Z-Value p-Value

School_01 0.59 033 011 -006 124 177 0.08 ——
School_02 054 024 006 007 101 224 0.03 -
School_03 0.34 0.29 009 -023 091 116 0.25 -
School_04 0.14 0.28 008 -041 070 0.51 0.61 -
School_05 0.80 031 009 020 140 262 001 -
School_06 042 027 007 -010 095 158 0.11 -
School_07 1.01 032 010 038 164 313 0.00 ——

053 011 001 031 074 4.84 0.00 ¢

400 200 000 200 400
Figure 3: Effect sizes of problem solving of the seven schools.

Conclusions and Recommendations

In order to cultivate interdisciplinary talents required by Education 4.0, this study
demonstrated that STEAM PBL combined with emerging technologies can improve students’
21st century skills (communication, collaboration, and problem solving skills). 21st century
skills can enhance students’ future learning performance and career development, and
promote global economic development (World Economic Forum, 2022). In addition,
creativity and critical thinking skills are 21st century skills and higher order thinking skills
that are very important for students’ learning growth (Wijnen et al., 2021). It is suggested that
the effectiveness of STEAM PBL combined with emerging technologies on students’
creativity and critical thinking skills can be further analyzed in the future.
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