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Abstract

The purpose of this study was to develop the science-focused STEAM integrated teaching
materials on the theme of making night safety products for use in high school science
classes, and to apply them in practice in order to analyze their effects on learners. The
materials were developed based on the PDIE model, which is widely used for STEAM lesson
design, following four stages: preparation, development, implementation, and evaluation.
In the preparation stage, the scientific topic was set as reflection of light, and the lesson
theme was determined as making night safety products using the concept of retroreflection.
During the development stage, a four-session lesson plan was created, including a teaching
guide, multimedia resources, and student activity sheets. In the implementation stage, the
lessons were applied to first-year pre-service teachers at a university. In the evaluation stage,
a survey was conducted immediately after the lessons to assess learning effects and student
responses. The results showed that the overall satisfaction score was 4.3 out of 5, and the
affective domain score was 4.2 out of 5, indicating generally high levels of satisfaction with
the program. These findings suggest that the activity of making night safety products is
effective not only for learning scientific concepts but also for enhancing integrative thinking
and affective achievement.
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Introduction
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Model 1 Model 2 Model 3
Linked type Intergrated type Convergence type

Fig. 1. Type of the STEAM integrated model (Yakman, 2008)

PDIE Model
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’ Process

-Topic selection
Preparation -Analysis of 2015 Revised curriculum

-Selection of STEAM Convergence education achievement standard

-Learning materials development

Development - Develop a teaching guidence plan

- Develop a multi-media material

- Develop a learning activity paper

Implementation - Giving a class
- Evaluation
Evaluation - Evaluation and feedback by learner
- Improvements

Fig. 2. Procedure of the PDIE model
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Methods

STEAM Program Development Process
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Table 1. STEAM contents classification
Domain Content

S Retro-reflection principle based on reflection of light

T Understanding materials with retro-reflection technology

E Making safety goods using principle of thermal transfer printing
A Designing and decorating safety goods

M Expecting and drawing schematic of retro-reflection light path
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M2 715t Aol Z17E U 248 AAslo] A3 7188 BRATH A5 AR Table 29 2T
Table 2. STEAM convergence education achievement standard
. . High school . Total 4

Program name Making Safety Goods at Night School level G 13 Class time class fime
Related Science, Technology, Engineering, Art, Mathematics
subject
2015 Revised Science  Content element Wave
Curriculum (Achievement criteria)

[12Physics[103-02]I can explain the optical communication process using the principle of reflection of light.

Content element Beautiful Life

(Achievement criteria)

[12Lifesandcience02-05]1 can explain the scientific principles and concepts related to the material, function,
etc. of clothing.
[12Lifeandscience02-07]1 can set up specific situations in your daily life and design clothes suitable for your
purpose and function.

Technology/ Content element Technology Utilization

Engineering  (Achievement criteria)
[9Technologyandhomeeconomics05-02]1 can investigate the safety of changes in the home and society and
understand the prevention and coping method.
[9Technologyandhomeeconomics05-06]I can find problems in my life, come up with ideas, and solve them
creatively using diffuse and collectivistic thinking techniques.
Content element Engineering World

(Achievement criteria)
[12Engineering02-03]I can understand the principles of materials and new materials engineering, grasp the
trend, explore and experience cases in which principles are applied.
Art Content element Expression

(Achievement criteria)
[12Artcreation01-05]I can visualize ideas with sketches, modeling, etc.
[12Artereation01-07]I can systematically plan the stage and sequence of production.
[12Artereation02-04]1 can compare each other's feelings and thoughts about aesthetic objects and clarify my
own reaction.

Mathematics Content element Geometry

(Achievement criteria)

[9Mathematics04-01]1 can understand points, lines, planes and angles, and explain the location relationship
of points, straight lines and planes.

[10Mathematics02-04]I can understand the parallel and vertical conditions of the two straight lines.
[12Practicalmathematics02-03]I can draw various angles and plots of three-dimensional figures.
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Development
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Fig. 3. Class scene using Zoom and experiments on the phenomenon of light reflection
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Development of STEAM Teaching Materials
Teaching Gudience Plan
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Table 3. Teaching guidance plan

Making Safety Goods at Night
Course Science, Technology, Engineering, Art, Mathematics Class time 1-4
Learning goal Attitude I can listen to other people's opinions and take them critically when communicating, and expand my thoughts.
Exploration I can recognize the problems that may encounter in my daily life, and seek solutions from various perspectives as
well as science.
Knowledge I can understand the principle of retro-reflection, and distinguish it from other kinds of reflections.
Scientific Capacity ~ Scientific communication ability, Scientific exploration ability, Scientific problem solving ability, Scientific
participation and lifelong learning ability
Learning process Teaching:Learning Activities Preparation and Notes
Context [Activity 1] Discussing the dangers of night accidents o PC, PPT, Internet
Presentation = Social Problems — Night Accidents(News Video, Relevant Statistics, etc.) connection,
(1 class) - search and organize data related to night accident issues and present them in a group activity. Learning activity paper
- organize your own opinions and group presentations, compare and expand your thoughts.
- discuss what is needed to prevent night accidents. 0 Teacher acts as a
[Activity 2] Drawing up a light path of retro-reflection moderator of a discussion
= Find how to collect light effectively
- introduce concepts of reflective law of light, and regular, diffused, retro-reflection. 0 Angulator,
- expect and draw up light path of retro-reflection in a mathematical point of view. Aluminum foil,
- STEAM elements : S, M Retro-reflective tape,
[Activity 3] Exploration experiment — Compare Multiple Reflections Laser.
= Compare light path — Observation with a changing angles
- observe and draw the light path of regular, diffused, retro-reflection from various angles by using laser.
- discuss the similarities and differences between the three types of reflections.
= Compare Brightness — Observation with a Changing Directions
- compare the brightness oof regular, diffused, retro-reflection in different directions by using lighting.
= Explore — Principles and Features of Retro-Reflection
- organize the scientific features and principles of retro-reflection within a group, and present to another group.
- Introduce materials containing retro-reflection, and understand the operating principle.
- STEAM elements : S, M
Creative Design ~ [Activity 4-1] Making safety goods at night - Design 0 Learning activity paper,
(2 class) = Imagine Night Safety goods that are Easy to Use in Daily Life Sketch tools
- identify lifestyle and environment related to one's usual night activities.
- when considering one's situation, select the necessary items and come up with designs that reflect functionality,
artistry and individuality.
- present and share the design draft and improve it to the final draft with feedback from other students.
-STEAM elements : S, A
Emotional Touch [Activity 4-2] Making safety goods at night - manufacture 0 Night safety goods
(3 class) = Introduce Thermal Transfer Printing(TTP) Technology preparation (Different for
- Introduce and describe the TTP required to attach retro-reflective tape. Individuals)
- guide the method of attaching tape and emphasize the need to be careful not to get burned by iron when
attaching it.
= Make Night Safety goods
- produce nightly safety goods according to the design drawings that you have completed. If necessary, the
design may be changed on the spot during manufacture.
-STEAM elements : T, E, A
Fulfilling = Evaluate Night Safety goods 0 Learning activity paper,
Experience - reveal the completed night safety goods and explain the intention of that. Finished goods
(4 class) - announce own appreciation of the completed product.

- view the output of other students and share their appreciation.

[Activity5] Proposing a multi-faceted problem solution

= Night Safety Accident Problem Solution

- seek and present solutions to the problem in science technology, legal system, social culture, and professional
aspects.

- record and organize your own opinions and the contents of each group's presentation, compare and expand
your thoughts.

= Organizing Leaming in the class

= Self evaluation and peer review
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Multi-media Material
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Fig. 5. Example of multi-media materials

Learning Activity Paper
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Fig. 6. Examples of learning activity paper
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Class Results
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Fig. 7. Examples of outputs: learning activity papers and finished goods

Class Satisfaction Evaluation
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Table 4. Class satisfaction evaluation (N=32)

.. Average Standard

Number Evaluation items (5 points Perfect score)  deviation

1 Developed materials are suitable for convergence education(STEAM). 422 0.76

2 There was no difficulty in carrying out the assignment because of enough class time. 441 0.78

3 The developed materials were appropriate to help understand learning contents. 441 0.70

4 It helped me understand the principle and process of retro-reflection. 441 0.74

5 It was easy to understand STEAM through making night safety goods. 422 093

6 Practice was easier to understand than theory. 3.88 0.99

7 I felt interest and fun in the process of producing night safety goods. 429 0.87

8 I'voluntarily participated in the process of producing night safety goods. 4.59 0.65

9 I 'was satisfied that the night safety goods made by myself are working properly. 4.50 0.71
Average 433

STEAM Elements Evaluation
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Table 5. STEAM Elements that can learn in class

Number Evaluation items Number of students checked(N-32)

1 Science 32(100%)

2 Technology 32(100%)

3 Engineering 22(68.8%)

4 Art 25(78.1%)

5 Mathematics 16(50%)

Affective Elements Development Evaluation
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Table 6. Affective elements development evaluation (N=32)

.. Average Standard
INETEES GelE e (5 points Perfect score) ~ deviation
1 Self-respect: Attitude to express one's thoughts logically, not unconditionally following others' 4.06 1.03
thoughts.
2 Self-reflection: Attitude of comparing and contrasting one's thoughts through communication 4.16 0.83
with others.
3 Self-control: Attitude of controlling one's emotions When communicating with others. 428 0.72
Consideration: Attitude to keep basic manners when communicating with others 444 0.70
5 Empathy: Attitude of respecting other people’s thoughts without unconditional criticism of 438 0.82
them that does not match one's own thoughts.
6 Communication: Attitude to expand one's thoughts through discussion with others who have 425 0.87
diverse ideas
7 Responsibility: Attitude to realize the duties and burdens of social tasks as members of society. 4.13 0.82
8 Justice: Attitude to consider fair procedures to maintain order and balance in society 413 0.78
Participation: Attitude to explore socially valuable future jobs based on what one have learned. 4.16 0.87
10 Beauty: Attitude to sensitively recognize, internalize or realize the beauty of the object. 428 0.57
Average 423
Free Opinions
Table 7- f|H| ARE 2] AHf- 2742 =gt A2HE yepd Zlo|oh 42| et A= 27 A3 STEAM &
LG 4ol e B2 A o] WRAHOR BRE 4 YT FHAS oo mE vl it 49
H} STEAM §&4-HollA |2t An] & o 2A] =72 4= AL, A 7HE S &S] olsid 4~ A=
o o] gatth 4 oA F2At-go] st o] Fofflom, A% RHE ofk b 832 AAYZol|A
S8 AFB T 4 Qlo1A FThe o)A BHR1% 4 Ik, 5ALH A ek BolM Hshe
STEAM 152 AA| 2 sl o] Foju|gt 78] itk o = Btk B4 AR oo 2= oAkaE
o] ARt o]ar 2|3 A2 skA| Ft Ao thel obql w0l =2 i5tom, o] P A AZSh o] f-2 = HithH ’H4
2 9102 2155, STEAM 4 Afo]) §714 Faido) R Zghche S5 lgich
Table 7. Free opinions on STEAM class
Category Opinion (number of students in brackets is the number of students with duplicate answers)
good parts of the - Interesting and funnier than a single subject class. (10)
STEAM class - understand the characteristics of retro-reflection by experiment with different kinds of reflections. (6)

- Good interaction between teachers and students, students and students. (5)

- The output is satisfactory and can be used normally (4).

- It was beneficial to experience STEAM education where one problem can be discussed from various perspectives. (3)
- It was a non face-to-face class, but I felt like face-to-face class. (3)

Parts requiring - Lack of communication due to non face-to-face methods. (4)
improvement Of the - It was a pity that I couldn't do the experiment myself because of the non face-to-face class. (3)
STEAM class - Lack of association between STEAM elements. (1)
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Discussion
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Conclusions
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