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Abstract

The main purpose of the living technology curriculum is to cultivate students’ interest in
learning science and technology, and further to utilize their experience of learning instruc-
tions and develop their ability to integrate interdisciplinary knowledge and skills. In recent
years, as countries have begun to emphasize the concept of interdisciplinary integration in
the school education, STEM (Science, Technology, Engineering, and Mathematics, STEM)
focuses on cultivating interdisciplinary talents. With this, STEAM highlights the role of
ART because other dimensions of STEM are expected to be effectively integrated through
the cultivation of aesthetics; the purpose of this study is to design a STEAM curriculum
for elementary school children and to explore the impact of STEAM education on the crea-
tivity. The content of this course is based on the PBL (Project-Based Learning) with the
teaching activities combining with “Chinese Paper-cutting” and “BBC micro: bit”. The
teaching process is used the strategy of creative thinking instruction. The research method
adopts a one-group pretest—posttest design based on a purposive sampling of 21 students
from one class in an elementary school. The research tools included the records of learn-
ing feedback and the creativity assessment. The empirical findings show that the project-
based learning incorporating STEAM activity has a positive significant influence on stu-
dents’ development of creative recognition. Since the empirical results are constricted by
the short-term STEAM course, the STEAM course with the art-oriented still benefits the
STEAM education and Learning effectiveness of elementary school students. The impli-
cation of interdisciplinary interactive Lamp of Paper Carving with Micro:Bit is expected
to contribute to further development of STEAM course. Since the curriculum is only last
for few weeks, it is too short to affect the emotional facet of creativity. Future researches
are suggested to extend the teaching period and evaluate the long-term influence of PBL
STEAM on students’ learning attitude.
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Abbreviations

PBL Problem-Based Learning

STEM Science, Technology, Engineering and Mathematics
STEAM Science, Technology, Engineering, Art, Mathematics

Introduction
Research background

Information technology has been developed applied into education rapidly in the
twenty-first century. As the diversity of information society, creativity in a knowledge
economic era is the key to success. Cultivating convergent and divergent thinking is
the purpose of education in all levels of schools. Schools should focus on creativity,
problem-solving skills, humanities, and capability of using technology across different
disciplines (Land, 2013; Ozkan et al., 2021). While the importance of STEM education
is highlighted, including a teaching combination of Science, Technology, Engineer-
ing, and Math (National Research Council, 2011; Salinger & Zuga, 2009), STEAM
is derived from STEM with additional “A” to highlight the importance of the art in
cross-disciplinary learning toward creativity. “A” stands for social studies, humanities,
language, physical, musical, fine, and performance (Yakman, 2008). Yakman (2008)
also indicated that art benefits integrate cross-disciplinary curriculums and overcome
limitations of each subject.

Previous studies prove that creativity can be cultivated in a practical project. By
the mean of cooperating in the group, students can solve problems, enhance a sense of
aesthetic. There is also a possibility to develop cross-disciplinary social value (Benton
et al., 2019; Vernon, 1989). STEAM curriculum with Project-Based Learning (Here-
after as PBL) is constructed with modern technology, science, engineering, art and
mathematics and centers on the learner. Students interact with the society and partici-
pate in design by constructivist learning and context-specific of art, and then respond
to the challenges and problems they encounter. In this way, students can set up their
goals, research and acquire knowledge and skills (Kokotsaki et al., 2016; Song, 2020).
It is more important to look into how children apply new knowledge and proceed with
design thinking (Druin, 2002). STEAM education allows teachers to understand how
students practice a new technology from the view of the art design; and to apply the
learning process of cross-disciplinary technology projects (Kuure et al., 2010). Benton
et al. (2019) pointed out that though the project-based curriculum limits students in
creating ideas, it ensures the appropriateness of creativity.

There are some problems in STEM curriculum development. First, the content of the
STEM curriculum is more about engineering design with the concept of steps. It is not
related to aesthetics. Seconds, project-based STEM curriculum is considered mainly in
secondary school or above with purpose with product engineering, not design think-
ing. The outcome of creative teaching is still unknown (Sullivan & Heffernan, 2016).
Consequently, this research applies an integrated STEAM with programmed paper-
cutting lamp. The research background is to understand if this paper-cutting project
could develop cross-disciplinary skills (consolidating art and technology) and increase
students’ creativity.
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Research purpose

Since STEAM education has been constructed mainly with experimental education or
maker project-based curriculum, STEAM education brings a positive influence on students
in their learning process. This paper centers on the role of ART to implement project-based
learning of the STEAM curriculum. We further discuss whether the creativity of primary
school students are affected by the STEAM curriculum. By doing so, we integrate both
Project Based Learning and creative thinking approaches to develop the STEAM curricu-
lum-The Micro:bit Paper-cutting Lamp. The teaching tools are (1) the program design used
in Micro:bit, a microcomputer controller developed by BBC, and (2) paper-cutting, a tra-
ditional Art. PBL will be adopted to design the STEAM curriculum so the researcher can
understand how the curriculum affects the creativity of senior students in primary school.
The outcome could be set as an example of developing a STEAM curriculum in the future.
In short, the research purposes in this paper are as follows: (1) how to integrate the pro-
gram design of Micro: bit with paper-cutting lamp for the project-based STEAM learning.
(2) how the creativity of students changes in the STEAM paper-cutting lamp project.

Literature review
STEM and STEAM education

STEM education is the foundation for STEAM education. STEM is defined as a model to
integrate Science, Technology, Engineering, and Mathematics into a curriculum to prepare
students for higher education and for their future to be talents for the knowledge indus-
try. In the STEM education, students are expected to (1) participate in research, (2) equip
logical reasoning ability, (3) have a skill of cooperation, and (4) perform an analytical skill
(Maryland State Department of Education, 2012). In a word, STEM education not only
looks into teaching cross-disciplinary knowledge but pays more attention to the learn-
ing process of students with the combination of learning and their daily life. Put another
way, STEM education is not just about consolidating different disciplines, but educators
should also pay more attention to the interaction between subjects as well as the correlation
between subject knowledge and pedagogical content knowledge. (Capraro et al., 2013).
STEM is being stressed in science education in America as the educators can incorpo-
rate a curriculum with science development at that time so that students could understand
the concept and eventually apply in a real situation after the practice, and the discussion
(Chang & Yang, 2013; Salinger & Zuga, 2009).

Moreover, STEM talents focus on capability development with divergent thinking,
whereas art talents value divergent thinking. STEAM education puts together both thinking
models so that to cultivate talents with a cross-disciplinary integration skill and creativity.
At the same time, STEAM makes up for what is missing. STEAM, therefore, highlights
the role of ART based on the STEM (Chien et al., 2017). Land (2013) also pointed out
that although STEM fosters students to have strong analyzing skills to design a solution,
they still need more creativity to put into practice. A cross-disciplinary approach is used
in STEAM education to enable teachers to teach Science, Technique, Engineering, Art,
and Mathematics. Also, teachers are able to guide students to absorb constant updated pro-
fessional knowledge and adapt rapid-changed society. STEAM focuses on analyzing the
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knowledge connection between different subjects, discussing problems, and figuring out
how to practice into the real situation. Instead of focusing on one specific subject, STEAM
education encourages students to learn by consolidating subjects and proceeding a cross-
disciplinary way of thinking to solve problems in the real situation.

However, there are two similarities between STEAM and STEM. As per Brown, Brown,
Reardon & Merrill (2011) stated, STEAM education is a model that applies approaches
such as problem-solving and inquiry-based learning to incorporate multiple subjects.
STEAM changes from a traditional teacher-centered class, to a new form, which allows
students to find the solution actively in real life. Besides, Yakman (2008) reviewed pre-
vious studies and established a theory to analyze and structure science, technique, engi-
neering, art, mathematics, and so on. These studies evince the relation between practical
content of all subjects and research. Integrating art with STEM could create a brand-new
field (Liao, 2016). In short, Banks and Barlex (2014) classified above STEM subjects a
coordinated approach; a collaborative approach and an integrative approach. Despite inte-
grating disciplines, this brand-new field exceeds the limitation. Under this circumstance,
the development of STEM started to turn toward STEAM, the education with humanity
and technology, to build a creative society. In short, art is essential for exploring and prac-
ticing cross-discipline.

PBL and STEAM

The new focus in education reform requires application, creation and ingenuity in terms
of creative development. In one of the initiatives to promote creativity among students,
STEAM involves the critical process of creativity and innovation. It allows students to con-
nect to the established elements of STEM in art practices, design principles and assessment
(James, 2016). These STEAM components include an integrated approach to learning that
requires an intentional connection between standards, assessments and lesson design. The
core standard of STEAM promotes inquiry, collaboration and emphasizes on project-based
learning approach, which assimilates the authenticity of art curriculum (Oner et al., 2016).

Besides, Problem Based Learning (PBL) approach has been stimulated by the STEAM
elements, as students participate in designing challenges that incorporate all of these
aspects (James, 2016). The synergy of these collaborative subjects are critical skills in the
twenty-first century. These skills lead to changes in the implementation of art education
pedagogy through a diverse, multicultural authentic learning.

Project Based Learning (PBL) is a teaching method designed for students to practice
like working in real life systematically. PBL involves a dynamic classroom approach, which
emphasizes long-term learning and interdisciplinary (Hawari et al., 2020). PBL is based on
Piaget’s and Dewey’s theory on constructivism that encourages students to carry out tasks
based on ‘real-life’ experience (Govers et al., 2014). PBL involves a dynamic classroom
approach, which emphasizes on long-term learning, interdisciplinary and student-centered
art activities (Hawari et al., 2020).

Moreover, the PBL earning model emphasizes contextual learning through complex
activities such as giving students freedom to explore and plan learning activities, carry out
collaborative projects, and ultimately produce a product (Adriyawati, et al., 2020). There-
fore, integration of STEAM- PBL into science learning encouraged students to be able
to see the relevance of science knowledge of phenomena in daily life, develop curiosity
and problem solving, and increase students’ courage to ask questions and explore various
sources to find information (Adriyawati et al., 2020).
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As for the project of paper-cutting art in this paper that transformed from paper-cutting
decorations, students are required to use the different variety of the sources, such as paper
texture, and to apply a new material to design paper-cutting arr. The previous study sug-
gested that the paper cutting has its advantages to preserve the traditional style and add a
modern design, or to include interaction beyond plat paper and utilize new techniques to
display the sense of tradition (Ni, 2012). Therefore, the researcher chooses the “Teaching
for creative thinking” model to construct this paper-cutting STEAM project, and the “Crea-
tive Problem Solving” approach to proceed with teaching-related activity in the class.

The STEAM curriculum of this paper cutting art is designed based on PBL. It integrates
modern technology and traditional Chinese paper-cutting, as well as the evaluation board
in Micro:bit for interactivity (BBC, 2017; Sentance et al., 2017).

In summary, field experts have realized that students can improve their divergent think-
ing through art education (Land, 2013). STEAM education, integration of art and STEM,
benefits students to learn cross-disciplinary connections from different points of view;
enhance the capability to solve problems with knowledge. A, art field of STEAM, stands
for social studies, language, physical, musical, fine, performing, and so on. Under such
structure, students would be more attached to humanities after logical reasoning training.
Compare with current STEM research, Taiwan is lack of STEAM study. Additionally, the
art-based curriculum is undeveloped. Therefore, this research will develop a STEAM cur-
riculum with technology and paper-cutting, traditional art, then to discuss the connection
between its outcome and creativity.

Integrating creative problem solving into STEAM PBL

Constructivism is the foundation of project-based learning, which addresses student-cen-
tered activities. Teachers are the assistance to guide students to complete projects on their
own, find a solution, and verify it. The process helps them to improve their skill of coop-
eration in a group (Kokotsaki et al., 2016). The PBL process is to set up the goal, lay out
the plan, design “leading question”, assess the initial plan and draft processional plan and
process management (Ravitz, 2008). PBL provides a learning environment for students to
participate actively in a project and solve problems in real life. Students could reach their
achievement, communicate with fellows, and improve their creativity to solve problems in
learning autonomy (Cheng et al., 2007).

Project-based learning could stimulate the interest of students towards learning (Chang
& Chen, 2018). In STAEM education, students would be equipped with rigorous logical
reasoning but not with the emotional facet of culture. Art is the key to successful innova-
tion (Brady, 2014; Ejiwale, 2013).The integration of art and technology leads to a special
skill, by which students could analyze the complex problem with convergent thinking and
practice the solution in the real situation with divergent thinking. For instance, Hentik-
sen (2017) discussed integrating the curriculum with Spanish, the language, and the water
cycle. Above project-based learning found out that design thinking helps teachers to organ-
ize the STEAM curriculum.

STEAM is a way to improve creativity. STEAM in art education not only teaches stu-
dents art but also educates them to use it in real life and always to think about how to
improve the way of living and society. The STEAM curriculum should connect with mod-
ern technology development (Chang & Yang, 2013) and include humanity so that students
can apply learning strategies such as problem-solving and inquiry-based learning to incor-
porate multiple subjects. As for PBL, it is a model for implementing a curriculum, which
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leads to the completion of an artwork. This research integrates the art of paper-cutting and
technology to improve the creativity of students. The following chapters will discuss tradi-
tional Chinese paper-cutting and the art of paper-cutting separately.

The PBL of paper-cutting in this paper may help students in primary school to devel-
opment the creativity. Yang (2015) studies the second-year students in primary school
and their paper-cutting activity. The research pointed out that students understood better
regarding the art of paper-cutting and tradition. Also, the result of TTCT (Torrance Tests
of Creative Thinking) shows their creativity was improved after paper-cutting activity. The
most important is that students are able to come up with creative ideas as they needed to
design the style. Wang (2014) explained that the brainstorming approach of creative think-
ing allows students to come up with a paper-cutting design, arrange compositions, apply
color personality and think creatively. Similarly, Song (2020) showed that digital fabrica-
tion technologies had positive overall effects on preservice teachers’ learning in the follow-
ing areas: problem-solving skills et al.

The core of creativity includes innovation, personality, and a supportive environment.
After the creative thinking process, people can solve problems or create products. The
core of creativity and the demand of products come from real life (Amabile, 1983; Mao
et al., 2000). Creativity is the capability to create an innovative idea, invention, or art-
work. They have to be identified by experts as products containing technology, aesthetic,
or social value (Vernon, 1989). The foundation of “teaching for creative thinking” is crea-
tivity theory. “Teaching for creative thinking” is to motivate students, encourage them to
create, and to cultivate their creativity. “Teaching for creative thinking” aims to enhance
the cognitive ability of divergent thinking and creative personality. The cognitive ability
of divergent thinking refers to fluency, flexibility, originality, and elaboration (Chou, 2013;
Mao et al., 2000; Williams, 1972). Originality is a novel and unique thinking ability, which
an individual is able to respond differently than others and produce a distinctive outcome.
The low the similarity, the higher the originality (Mao et al., 2000; Williams, 1972; Wil-
liams, 1972). In this regard, Isaksen, Dorval and Treffinger address the “Creative Problem
Solving” with three dimensions and six steps (Chang, 2013). The existing approach pro-
vides a comprehensive view for educators to imagine and plan theirs course. This research
adopts the revised version of Creativity Assessment Packet (CAP) (William, 1972; Lin &
Wang, 1994; Mao et al., 2000). CAP is to review the outcome of practicing the “teaching
for creative thinking” model. It can evaluate six teaching goals (fluency, openness, flexibil-
ity, originality, elaboration, and title) and four creative personalities (adventurous, curious,
imaginative, and challenging).

In conclusion, STEAM PBL encourages students to see the world through a science
perspective. Art allows people to enrich the world beautifully; engineering and technol-
ogy enable people to change the world for the demand of society; mathematics offers as a
thinking method and analysis tool, which people use to develop science, engineering, art,
and technology. In STEAM PBL, the curriculum helps students to understand science and
technique, then explore technology and art while building their artwork.

Research method
The researcher follows the instruction in PBL and designs the STEAM curriculum of

this research. Considering the content of the STEAM curriculum and the fact that Tai-
wan is lack of an art-oriented STEAM curriculum, the researcher builds the curriculum

@ Springer



Project-based learning oriented STEAM: the case of micro-bit... 2559

based on BBC micro:bit, microcomputer controller, and traditional Chinese paper-cut-
ting. All areas of STEAM are covered in the curriculum of this research.

Research design

The research design incorporated the method of one-group pretest—posttest design.
The teacher who delivered the curriculum is from the research team. There was a total
of two weeks teaching, 240 min per week (total 420 min). Two tests, CAP pretest and
CAP posttest, were carried out before and after teaching for quantitative analysis. The
researcher organized and analyzed the collected information in order to understand the
effect of experimental teaching on creativity. Apart from that, curriculum worksheets
and artworks were collected after teaching for qualitative study along with observation
records taken during the class. It allowed the researcher to analyze the effect of imple-
menting the “teaching for creative thinking” model in the STEAM curriculum towards
the creativity of senior students in primary school.

The revised version of Creativity Assessment Packet done by Lin and Wang (1994)
were applied in this research. The assessment includes the Test of Creative Think-
ing and Creative Tendency Scale. The reason to consider Williams Scale was that the
researcher believed that both cognitive and emotional behavior are strongly related to
creativity in project-based STEAM. In this case, the scale could help study the change
of creativity among students (Williams, 1972). The internal consistency reliability of
this scale is between 0.401 ~0.877; retest reliability is between 0.438 ~0.810; inter-rater
reliability is between 0.878 ~0.992. Their correlation coefficients are all above 0.05,
which is a significant performance. As for validity, TTCT is a criterion and the perfor-
mance is between 0.261 ~0.545. The cronbach alpha reaches over 0.5, which is beyond
the standard (Lin & Wang, 1994).

Participants

The research subject was a class of senior students from a primary school in Taichung
City in Taiwan. Total of 21 students with 9 males and 12 females involving in this
research. The participated primary school adopts heterogeneous grouping every year.
Students were asked to sign an agreement. Besides, the participated primary school
signed a corporative agreement with the National Taichung University of Education,
which stated the teaching is conducted after class only when the class teacher agreed to
assist this research.

Project-based STEAM curriculum design

The researcher followed the instruction in PBL to designs the STEAM curriculum of this
research. That was to: (1) set up a goal and draft a plan, (2) design “leading question” (3)
assess the initial plan (4) draft a professional plan and management process. Finally, three
university professors and one specialist teacher evaluated and discussed the PBL of the
curriculum. Expert validity was used to review the correlation and clarity.
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Content analysis of STEAM curriculum

The curriculum focused on the combination of art and technology and together with the appli-
cation of mathematics, engineering, and science to complete activities and produce artworks.
To begin with, goal setting is the first step towards planning The content analysis of the cur-
riculum and teaching goal is shown in Table 1. It is the content analysis based on Micro:bit
paper-cutting lamp, project-based curriculum, with other elements of STEAM.

STEAM teaching object for art light

STEAM teaching objective was to: (1) learn circuit connection, (2) learn to apply circuit to
the daily life, (3) understand the combination of color and light in optics, (4) understand the
technology of interactive paper-cutting lamp, (5) understand Blocky, (6) learn the art paper-
cutting, (7) integrate paper-cutting and modern technology, (8) improve the creativity of stu-
dents, (9) enhance the problem-solving ability(10) build cooperative learning attitude.

Design “Leading Question”

There were several leading questions prepared for this project-based activity: (1) how to con-
solidate paper-cutting with modern technology? (2) how to use sound and movement to con-
trol light? (3) how many ways you can come up with to control paper-cutting lamp? The stu-
dents will understand the mathematical concept in program design while using Blocky.

Curriculum assessment

The assessment was for the teacher to understand the learning progress of students, and adjust
the teaching if needed. The curriculum assessment includes curriculum worksheets and CAP.

Design PBL plan

The assessment was for the teacher to understand the learning progress of students, and
adjusted the teaching if needed. The curriculum assessment included curriculum worksheets
and CAP.

Design PBL plan
There were four main activities. The content of teaching was the integration of science, tech-
nique, engineer, and art. Picture 1 shows the content of each activity and related STEAM cur-

riculum (Table 1). The teaching began with CAP pretest for 30 min, followed by 360 project-
oriented learning (Fig. 1). The teaching was completed by a 30 min of CAP posttest.

STEAM curriculum material

STEAM curriculum material consisted of teaching for program design teaching and paper-
cutting. Curriculum Material were discussed in this chapter.
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Activity Teaching Content Related STEAM

Activity 1: Micro:bit Code editor ST M
Programming Expert RGB 12 color wheel -
light theory
Brainstorming
Activity 3: rE A
Be a Desinger- Paper- 4{ papercutting design | St

cutting
composition of I STEAM
papercutting lamp

Activity 2:

STEAM activity

Activity 3:

Be a Craftsman

Fig.1 PBL of the curriculum and activity plan

BBC micro:bit program design

Teaching for program design and paper-cutting were two materials in this STEAM cur-
riculum. The program design taught students with program logic (Table 2). Once the
students learn how to apply program logic to connect the sensor, bull, and loudspeaker,
they started to combine and design light art functions and created their program design
for Micro:bit paper-cutting light lamp. Through this, they could learn about mathemat-
ics, algebra and function.

Material for paper-cutting lamp

The teaching material for the paper-cutting lamp was designed by the researcher
(Fig. 2). Paper-cutting technique was required to consider three layers, the foreground,
the middle ground and the background. This design allowed students to learn Thirds and
a space concept. The researcher prepared three layers of paper for students to design
their patterns with the worksheet. Table 3 shows all required materials and resources
prepared by the teacher: BBC Micro:bit microcomputer controller, Grove gesture rec-
ognition sensor, ws2812b Sv LED light strip, boxes for the light, paper cut sculpture
designed by students and box for lights and electric component.

Structure of curriculum

The structure of this curriculum was based on the five sectors of STEAM. The
researcher applied PBL for designing curriculum content and the “teaching for crea-
tive thinking” model for organizing material. It was designed to highlight cross-disci-
plinary integration and the application of “teaching for creative thinking” for creativity
improvement. Figure 3 shows the structure of the curriculum.
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Table 2 Teaching content for program design

Instruction Meaning
Loop Repeat x action x times
if...then..., else... If...confirmed, then execute...,
or...
Variable Same as algebra in Mathematics [ ——
light -~
Strip -
set strip -~ o P
String Show sting on Micro:bit
show string @ 380IN
Grove gesture sensor input When gesture is...., initiate the
action
Function The concept is similar with lin-

ear equations in two unknowns

Light color output Set up the instruction of light color

RGBI12 color wheel, light theory RGB 12 color wheel, light theory - 22

Fig.2 Paper-cutting framework layer
front » Dback

Japan ’

’ L [ O
Egypt || ‘

Theme
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Table 3 Material for Paper-

. Item Picture
cutting lamp

BBC Micro:bit microcomputer controller

Grove gesture sensor

ws2812b 5v LED light strips

Paper-cutting framework design by student " —
{n—NEA=g
AN

Box for electric components =1

Result and discussion

This section will first discuss the effect of the application of the PBL oriented STEAM
curriculum toward creativity, then analyze and explain the process of implementation.
PBL oriented STEAM curriculum toward creativity

The research first looks into the PBL oriented STEAM curriculum, and use t, the depend-
ent sample, to verify the effect after students participating in the curriculum.

Cognitive facet

The evaluation is in line with the Test of Creative Thinking Activity to study the creativity
of students in the cognitive facet. It includes fluency, originality, flexibility, elaboration,
openness and title. Among these different aspects, fluency has a maximum of 12 points,
originality is 24 points and flexibility is 12 points and openness is 36 points. The total is
156 points.

The change in cognitive facet of creativity
As Table 4 shows, it is the result of each aspect in the cognition level of creativity after

students receiving the STEAM curriculum. Fluency is t=1.14, p>0.05; openness is
t=8.0, p<0.05; flexibility is r=2.27, p <0.05; originality is t=6.86, p <0.05; elaboration

@ Springer



Project-based learning oriented STEAM: the case of micro-bit... 2565
Dimension 1: Dimension 2: generating Dimension 3:
understanding the ideas preparing actions
challenge - Guide students to discuss - Give hints
- The content and question in dimension 1 - observation
knowledge of the with Card-Exchange - instruct

= STEAM curriculum approach. composition
= - The traditional art - Guide students to build technique
Z of papercutting and Micro:bit papercutting - assist if necessary
_"é lighting technique lamp structure with Mind - evaluate artwork
5 - Aquestion to Mapping approach.
5 student: how to integrate - Guide students to discuss
[_3 papercutting with composition of
modern technology papercutting with
Mandala Chart
constructing > exploring > framing > generating > developing> building >
opportunities data problems ideas solution acceptance
Dimension 1: Dimension 2: generating Dimension 3:
understanding the ideas preparing actions
challenge - Approach of Creative - programming
- The content and thinking discussion - observation
knowledge of - Divergent thinking - drawing
= STEAM curriculum - Various ideas acquire - compose the
.g - Traditional art of from group discussion component
k=] papercutting and - perform artwork
2 lighting technique
E - Understand the
= purpose of
7 papercutting lamp

Fig.3 STEAM curriculum structure and process for practice

Table 4 The result of CAP
Pretest and Posttest

Creativity Pretest Posttest t Significant
M SD M SD
Fluency 1140 235 11.96 .21 1.14 265
Openness 1557 350 2791 650  8.05 .000
Flexibility 648 1.68 730 122 227 .034
Originality ~ 16.74 3.18 2552 635  6.86 .000
Elaboration  10.57 2.78 2026 690  7.33 .000
Title 11.87 .97 1552 430 375 .001
Total 72.60 7.52 10848 1940 859 .000
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is t=7.33, p<0.05; theme is t=3.75, p<0.05. The total of all is t=8.59, p <0.05. While
comparing the result of the pretest and posttest, openness, flexibility, originality, elabora-
tion, title and total has improved significantly.

Emotional facet

The evaluation is under the revised version of the CAP. It is to study the creativity of stu-
dents in emotion facet, which includes adventurous, curious, imaginative, and challenging.
Among the four aspects, ambitious has a maximum of 33 points, curiosity is 42 points,
imagination is 42 points and challenge is 36 points. The total is 150 points.

Table 5 shows that there no significant improvement among curious, imaginative and
challenging, though the average increased. The result reflects that the creativity of emo-
tional facet would not be affected after students receiving the STEAM curriculum.

Practice of PBL oriented STEAM curriculum
Activity 1: program expert

The program design taught student program logic step by step together with tasks. The
detail is shown in Table 6, which was suitable for a senior student in primary school. The
student followed the instruction to apply program logic to connect the sensor, bull and
loudspeaker. Then, they were asked to design light art functions and create their program
design for Micro:bit paper-cutting light lamp. There were two processes.

Initially, students completed the task at each step. After teaching them the blocks,
the teacher gave students the tasks (Table 6) to students to complete on their own. Tasks
were done orderly. Second, the student finished the program design. Once they connected
BBC Micro:bit with gesture recognition sensor, the light and Micro:bit display-panel
were changed as the gesture changes. Student can press a bottom to turn of the light and
Micro:bit display panel.

There were two individual tasks and one group task. All students completed the simple
individual task on time. As for the percentage of completing the advanced individual task
is 72.54%. However, the rate goes up to 78.57% from the advanced individual task to the
group task. Table 6 presents all of the success rates. The result implies that group corpora-
tion could increase the succession.

Lastly, once they connect BBC Micro:bit with gesture recognition sensor, the light and
Micro:bit display panel were changed as the gesture changes. Students pressed a bottom

Table 5 Result of test of creative

. Creativit; Pretest Posttest t Significant
thinking Y g

M SO M SD

Adventurous 24.08 2.13 2391 229 -339 738
Curious 2847 3.11  29.00 3.26 .959 348
Imaginative 2734 208 2782 3.63 .807 428
Challenging 25.04 2.14 2582 274 1258 222
Title 107.60 6.22 109.34 8.88 1.183 .250
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Fig.4 Sample of program design

to turn of the light and Micro:bit display panel. Figure 4 shows the completed program
design.

Activity 2: brainstorming

Students were divided into groups to brainstorm a theme based on a country. It could be
an animal, an item, a toy, a building, a legend, a plant, a costume, a food and a view of that
country. Table 6 shows the theme that students came up with within a given time. In short,
brainstorming helped students to develop divergent thinking skills, as well as to enhance
the fluency and openness in cognitive facet of creativity. Fluent thinking refers to how elo-
quent is the thinking process, how broad thinking can be extended and how many an indi-
vidual can produce (Chou, 2013; Mao et al., 2000; Williams, 1972). Students were encour-
aged to do research and discuss with fellows. Those attempts could affect fluency. As for
openness, it is the ability to accept different opinions. In this research, students could com-
municate with the teacher and fellows and accepted different opinions. Therefore, openness
increased undoubtedly. The above finding also echoes the result in Table 4.

As per Table 7 listed, students were able to give at least 10 or more than 30 related
things through brainstorming in a short period. Brainstorming enabled students to put for-
ward different opinions for one topic, by which their flexibility was stimulated. Students
were brainstorming in the group discussion in Fig. 5.

Table 7 list of brainstorming

Group Theme  Numbers of related things

Animal Food Plant Toy Building Legend Costume View Total

1 Egypt 4 3 4 4 5 4 4 3 31
2 Egypt 1 1 2 1 2 1 1 3 12
3 UK 4 3 3 3 4 3 1 3 24
4 UK 1 3 2 2 2 3 1 3 17
5 Japan 3 3 4 2 3 3 1 3 22
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Fig.5 Activity 2-Brainstoming

Activity 3: be a designer-paper-cutting lamp

The “Teaching for creative thinking” model gave students a chance to think of different
form of a pattern related to the theme. It could be an animal, a building, a legend, a view,
a plant, a costume, a food and a toy. Figure 6 is an example of a draft design by students.
Through the brainstorming process, students could think from a different angle to present
with the ability of openness. Figure 7 is how students were practicing. Looking into the
technique of paper-cutting, the paper patterns done by students were inconsistent or even
broken because they were unable to identify Yin and Yang carving in the beginning. Yin
carving means to cut the shape out and remove it, keep what is left outside of the pattern.
Yang carving means to cut the shape out and keep it, remove the piece outside of the pat-
tern. However, the curriculum indeed develops the elaboration of cognitive facet of creativ-
ity. In the end, students could submit a suitable paper-cutting pattern (Fig. 8).

Elaboration refers to the ability to turn a simple creation into a fine product, to revise
an idea and extend the thought (Chou & Yung-Chieh, 2013). Students encountered several
problems, for instance, there were inconsistent patterns or cracks during the design. Stu-
dents kept trying to revise their previous idea and then were able to complete the artwork
and complete the task given by the teacher. The example shows that the elaboration was
improved. The outcome also supports the result of Table 4, which shows the STEAM pro-
ject could benefit the elaboration.

Fig.6 Draft for Paper-cutting
frame done by students
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Fig.7 Process of proacting

Fig. 8 Paper-cutting pattern designed by students

Activity 4: be a craftsman

In this activity, students integrated the Micro:bit evaluation board they had done previously
with paper-cutting, then connected with the electric circuit to make an interactive paper-
cutting lamp. Through the hand-on activity, they actively participated in the class and tasks
as well as cooperated in the group.

Students discussed in the group to figure out how to place shapes into a presentable pat-
tern with foreground, midground and background layer and stereoscopic image (Fig. 9).
Figure 10 is the final artwork after integrating light control. The teacher observed in the
class and found out that students were communicating and discussing with each other
while composing patterns to ensure the aesthetic of the artwork. They were open to differ-
ent opinions. The layer of foreground, midground and background combine with various
colors of light can enrich the artwork.

In short, flexibility is required to be performed comprehensively in activity 4. Flexibil-
ity is the ability that a person could express different opinions and think in various ways.
The result shows that brainstorming in the “teaching for creative thinking” model allows
students to exchange their opinions and discussed in the group, then to think in various
ways. Students, under this circumstance, enhanced their flexibility, which were eventually
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Fig.9 Practicing activity 4- Be a Craftsman

Fig. 10 The completed artwork

be presented in their artwork. As described title, students were able to integrate each skill
and art learned previously and then finalized it.

Conclusion and suggestion

This research aims to integrate Micro:bit program design and paper-cutting lamp to design
program-based STEAM exploration and practice curriculum. Besides, the research applies
the “teaching for creative thinking” model to build up activities. Teaching objects are pre-
sented in first-level activity, which is to understand algebra and function. In the second-
level activity, brainstorming and paper-cutting worksheet allows students to cooperate
in the group. The entire process helps to increase openness. Moving into the third-level
activity, students learn to design paper-cutting patters, adopt depth of field the space con-
cept and integrate electric circuits with light composition to adjust light and shadow. It is
essential to have elaboration to cope with the difficulties while designing the paper cutting.
Lastly, the activity “Be a Craftsman”, students produced their artwork by combining the
paper-cutting and Micro:bit the light control program.
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This study has shown that STEAM PBL enables primary school students to improve
deduction and induction and such logical reasoning ability in the software programing.
Besides, it helps them strengthen their flexibility and adaptability needed in problem-solv-
ing so they could have a skill of cross-cultural communication in terms of paper-cutting.
Different from regular course, which is to instruct knowledge, STEAM PBL is to educate
students to connect knowledge from different subjects, solve problems and innovate. Under
this circumstance, students continuously improve their problem-solving capability, inno-
vation ability, the skill of cooperation, and creativity. We echoed previous study of Chen
& Chang (2018) that compared the integrated robotic curriculum and the regular robotic
curriculum and found out that students ‘knowledge is improved and interest is stimulated
when students learn through an integrated curriculum.

In addition, this paper demonstrated that art could be the foundation of STEAM educa-
tion, in which students interpret science and technology with the support of engineering
and artwork. Besides, STEAM teaches students to know the world through a cross-disci-
plinary point of view, to change the world with innovation, and to develop their innovative
ability. During the teaching, students will be guided to cooperate and practice in order to
complete the project and figure out the difficulties encountered in real life. Finally, students
also are expected to demonstrated color personality in optics and explore creativity when
consolidating industrial technology and paper-cutting.

Overall, students are interested in learning during the practical activity in the project-
based STEAM curriculum. The outcome proves that there is an outstanding improvement
in the cognitive level of creativity, which reflects on flexibility, originality, elaboration,
title and total. In order words, the project-based STEAM curriculum could increase part
of the cognitive level of creativity. However, the curriculum of this research is designed
for a total of 420 min, equals to 2 weeks intensive STEAM curriculum. The limitation
of this research is that it could benefit more on cognitive level of creativity but less on an
emotional level. The researcher suggests that future studies could include different angles
of technology concept (such as light material) into the STEAM curriculum of Micro:bit
paper-cutting lamp. In this case, they could create more mixed media when integrating
paper-cutting with BBC Micro:bit evaluation board.

There are some suggestions for teaching and practice based on the observation and the
result of this research. (1) From the point of programming language, the program design of
this research utilize the gesture sensor and light strips to design a program that could adjust
different lights with the change of gesture. Most of the students understand the program
logic and can apply it appropriately. Therefore, the researcher suggests more interactive
functions can be included in this program design in the future. (2) Given paper-cutting
design, the majority of students find it complicated to understand the composition of Yin
and Yang carving when learning the technique. Therefore, it is suggested by the researcher
that the teacher could spend more time explaining and also presenting an physical object,
so that the students could understand easily. (3) The structure design of paper-cutting in
this research focuses on layering a flat surface with foreground, midground and background
to build the stereoscopic space. The researcher suggests that in the future, it could help to
level up the sense of spaces for students when using stereoscopic paper-cutting in STEAM
teaching material.

The curriculum of this research only benefits the cognitive facet of creativity. The
researcher believes that the reason could be the length of the teaching period. Since the
curriculum is only last for two weeks, it is too short to affect the emotional facet of creativ-
ity. Future researchers are suggested to extend the teaching period and evaluate whether the
time is the cause of this effect.
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