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ABSTRACT

The purpose of this study is to develop a blended-learning based theme selection program,
centered to technological problem-solving activity for middle school free-semester, so that
students can develop their future core competencies, technological problem-solving skills,
under a learning environment suitable for problem-solving activities. In order to achieve the
purpose of the study, this program was developed as a three-step procedure: preparation,
development, and improvement. In the preparation stage, for program development,
technical problem solving activities, blended learning, and the topic selection program
for the middle school free semester are identified through the analysis of literature and
prior research related to technical problem solving activities, blended learning, and the
middle school free semester. Educational goals were also set. In the development stage,
detailed topics for problem-solving activities were set, the learning goals of the program
were described, and the contents of the program were selected and organized based on
this. Learning materials were also developed. In the development stage, detailed themes
of problem-solving activities were set and the learning goals of the program were stated.
And also, the contents of the program were selected and organized to develop teaching
and learning materials including 16 sessions of teaching and a learning process proposal, a
student activity paper, and a teacher presentation. In the improvement stage, the developed
program was verified and revised for content validity by experts composed of 9 technical
teachers, and the average of the questions was 4.60 out of a 5-point scale. In addition, a
preliminary test was conducted with 8 first-year students of Seoul G Middle School to hear
the opinions for improving the teaching materials. By reflecting the review opinions, the
program was revised and supplemented.

Key words: Blended learning, theme selection program, technological problem-solving
activity, free semester
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Introduction

Research Background and Purpose
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Theoretical Background

Technological Problem-solving

2015 Revised Technology-home Economics Curriculum
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FAS FA & of, 0] 2 AlE-532E Table 17} o] A|AlSFAL QI THMinistry of Education, 2015a).

Table 1. Detailed goals of ‘world of technology’

* Develop technical problem-solving skills and technology application skills so that they can creatively solve technical problems based on their
understanding of technology and apply them to everyday life.

» Cultivate the ability to utilize technology and design the technology system so that they can actively cope with and adapt to the development
of technology and changes in society.

* Develop technical system design ability and technical problem-solving ability to understand technical problems, explore and develop
solutions using various resources.

Source: Ministry of Education (2015a). p. 5. reconstruction.

2015 77 7174 als 22 Table 291 2] 7|2 A7l 9] Vle B8 JHolA VIeA ZAlsiE,
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A, ZAISIAS 9IS gk AbaLel 32 Alal, 2] g T4 52 AESaL Yt (Ministry of
Education, 2015a).

Table 2. Content system and achievement standards related to ‘technical problem solving’ in the
‘world of technology’ field

Division Core concept  Content element Achievement criteria

[97]7105-03] Understand that products used in everyday life are being developed and
* Technological developed through the process of technical problem solving,

Problem  [97]7}05-04] Understand the concepts and characteristics of inventions and explain the

Solving effects of inventions on social change.
[97]7}105-05] Understand the concept of patent and analyze and present cases of

Use of . * Realization of intellectual property infringement.
technology Innovation  vention ideas [97]7105-06] Find problems in life, come up with ideas, and creatively solve problems

using divergent and convergent thinking techniques.

«Use of [97]7105-07] Know the concept and importance of standards, and analyze and evaluate

technology and the impact of standardization.
standa%y s 19717105-08] Search for, implement, and evaluate solutions by finding non-standardized
cases.

Source: Ministry of Education (2015a). p. 7; pp. 24-25. reconstruction.
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Previous Research
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Table 3. Middle school free semester topic selection program for technical problem solving
activities

Program (source, year) Activity Amount (hour)
Creating an eco-friendly village using Hangeul Activities to create an eco-friendly village by fusion of eco- 17
(Korean Educational Development Institute, 2016) friendly construction technology units with other subjects
under the theme of “‘Excellence of Hangeul’
Making of a solar-wind car Activities to make a car by selecting a car that can be a 17
(Korean Educational Development Institute, 2016) practical means of transportation in a deserted environment
of the future and its operating energy

A pleasant invention in life that turns on the switch of ~ Color ball bridge making (construction technology), double 16
thinking (Ministry of Education, Seoul Metropolitan Office clip car production and racing (transport technology),
of Education, 2017) boomerang & ornicopter production and flight (transport

technology), catapult production (manufacturing

technology), augmented reality experience and virtual glass

production (information and communication technology)
Creative vibrating car carrying ping-pong balls Activities to understand the concept of vibration and make 16
(Seoul Metropolitan Office of Education, 2020) a creative ping-pong ball-carrying vibration car
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Blended learning

Concept and Features
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Table 4. Background of blended learning
Division Purpose-Characteristic
* Development of science and technology

Social and cultural environment * Expansion of e-learning platform
* Simultaneous operation of offline and online classes due to COVID-19
* Resolving the widening gap in student achievement
Educational needs * Educational need for student participatory learning
* Desire for various forms of learning that transcends time and space

* Digital native generation
View change of student * Familiar with sharing and communicating online information
* Being able to create meaningful learning themselves
* Facilitator of learning and growth
« Contextualized learning experience designer/operator

Teacher role ch:
cachieriole change » Mentors and counselors who understand and support students

* Educational experts with curriculum autonomy
Source: Gyeonggido Office of Education (2020b). p. 6. reconstruction.

Class Types and Platforms
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Table 62} Zo] o]5 Z =0 EAI-Z & s}to] Aeich= 70| 5 2 5tH(Seoul Metropolitan Office of Education,

Table 5. Types of online classes and modes of operation

Type Operation mode Example
Real-time interactive lessons » Using a real-time remote education platform, * Webex, Naver Line Works, ZOOM,
video classes are conducted between teachers and  Gooroomee, Microsoft Teams, Google Hangouts
students, and immediate feedback is delivered
through real-time discussion and communication.
Content-oriented class * (Lecture type) Students take recorded lectures * Teacher-made materials, EBS courses, etc.
or learning contents, and teachers check and give
feedback on learning contents
* (Lecture+Activity type) Remote discussion such
as comments after watching learning content
Class focused on task performance * According to the achievement standards for each + Presenting assignments — Performing student
subject, the teacher presents and gives feedback  activities such as reading reviews, worksheets,
on the tasks that can contextually check the self- and learning materials — Submission of learning
directed learning contents of the students results — Teacher confirmation and feedback
Source: Ministry of Eduction (2020a). p. 6. reconstruction.

Table 6. Types and features of online leaming management system (LMS) platform for online classes

Division e-Hagseubteo EBS Online Class Google Classroom Microsoft Teams

Check of attendance Check of progress rate Check of progress rate By task, comment By task, comment

Check of progress rate O O AN AN

Characteristic Easy to use built-in learning Easy to use built-in learning  Provide a document tool,  Peristalsis with MS-office,
materials materials Share documents Share documents

Register for task O O O O

Live video O O O O

Source: Seoul Metropolitan Office of Eduction (2021). p. 28. reconstruction.

e8145E(e-Hagseubteo), EBS =2FQ1Z-2A(EBS Online Class), Google Meet, MS & Z(Microsoft Teams)2} 72
SRR A AT LM AESHE SAI0] AAI B4 T2 1300] BB, Sl ALRILMS)
O AR SAR10] ZR5 B BEE 9% 12, T3] S 2-90] MR AN SHHRI0] 7P
St AT E Q0121 Zoom, Webex 5= Al-5-511L 917] %= $HK(Seoul Metropolitan Office of Education, 2021). TH3E2
DA A S et Bl TRk 542 Table 72+ 2T,

ro rlo

Table 7. Types and features of tools for real-time interactive video classes

Tool e-Hagseubteo ~ EBS Online Class ~ Google Meet ~ Microsoft Teams Zoom Webex
Participant 100 persons 100 persons 100 persons 300 persons 100 persons 100 persons
Free time Unlimited Unlimited Unlimited Unlimited 40 min. 50 min.

Peristalsis with ~ Peristalsis with
e-Hagseubteo Online Class

Source: Seoul Metropolitan Office of Eduction (2021). p. 32. reconstruction.

Check of attendance List check Automatically List check List check
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Free Semester System
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Table 8. Free semester system

Curriculum Innovation Free semester activity
* Curriculum organization and operation flexibility that enhances * Organizes and operates in a balanced way by reflecting the school
autonomy and creativity and enables student-centered curriculum conditions and the needs of students and parents.
* Diversification of teaching/learning methods such as discussion/  * Consists of career exploration activities, topic selection activities, arts
practice, convergence classes, self-study, etc. and sports activities, and club activities.

* Process-oriented, substantial evaluation focusing on growth
and development, such as formative evaluation and performance
evaluation

Source: Ministry of Education (2015b). p. 7. reconstruction.

Research Methods
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+ Confirmation of program purpose through needs analysis

Confirmation of program - A review of literature related to technical problem-solving activities
purpose through needs analysis - Review of literature related to blended learning
Preparation - Free Semester Implementation Plan Analysis

Setting educational goals by

program + Setting educational goals by program
S

4

» Selection of sub—themes for technical problem-solving activities

Selection of topics for
problem-solving activities

Statement of learning goals by

+ Statement of learning objectives for each stage of the program
the program

» Setting up a problem situation for technical problem solving activities

Development * Determination of the composition of program materials: teaching/learning
Program content selection process plans, teaching/learning materials (student worksheets, teacher
presentations)

* Selection of activities for each stage of the program

| Program Content Organizationl | Program content organization and blended learning environment design |

| Expert Validation Check | | Content validation of the program by experts |

|1st amendment and supplementl I Ist amendment and supplement for program |
Improvement —

| preliminary test I I Apply the program to students |

2nd amendment and

* 2nd amendment and supplement for program
supplement PP prog

Fig. 1. Research Process

Results & Discussions

Preparation Phase
Requirement Analysis for Program
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Establishment of Education Goal for Program
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Development Phase
Determination of Topic for Problem-solving Activities
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Table 9. Preliminary topics for problem-solving activities

Preliminary topic Content
Reducing the discomfort of the mask ~ We understand the inconveniences you may experience while using masks, and design and
manufacture new masks by improving them.

Favorite stationery Based on the inconvenience one felts while using stationery, one designs and produces one’s own
new stationery.

Sneaker laces that never untie Understanding the uncomfortable situation in which the laces of sneakers can loosen easily, and
based on the idea to solve this problem, we design and manufacture a device that does not loosen the
laces of sneakers.
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Table 10. Criteria for the selection of topics for problem-solving activities

Division Considerable factor Subject selection criteria
Technical problem s the subject for the world of technology? Relevance to Technology Curriculum
solving activities [ he topic relevant to real life? Relevance to real life

Is the topic possible for various experiential activities? Possibility of using experiential activities
Learner Is the topic appropriate for the learner level? Appropriateness to learner level

Is it a topic that the learner may be interested in and interested in? Learning Motivation Potential
Blended leaming s the subject suitable for blended learning? Blended Learning Applicability
Free semester topic s it a topic to explore in the world of work? Possibility of career exploration

selection activity Is ita comprehensive topic that allows for a variety of student-centered activities?  Inclusiveness of the subject
Source: Kwak (2017). p. 134. reconstruction.
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Declaration of Learning Objectives
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Table 11. Learning goals for each stage of program

Stage Leamning Goals

* Can find problems in one’s life by observing one’s surroundings.

* Understand that products in everyday life are developed and developed through the process of
Activity opening solving technical problems.

* Understand the concepts and characteristics of technical problem solving and inventions.

* Describe the impact of the invention on social change.

Ljrr(l)(é;:;smtindmg of -, Can explain the problem clearly by understanding the given problem situation and condition.
Technological Idea exploration *Can sel.ect the best soluhop by presenting ideas to solve the proplem.
problemsolving g development * According to the selected idea, one can draw a sketch or blueprint of the product one wants to
activities manufacture.
Realization * An improved product can be made according to the blueprint.
Evaluation » Evaluate the process and results of activities.
Activity closing * Explore career paths in related fields such as inventors and intellectual property experts.
Content Setup
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Table 12. Program configuration

Materials

Learning Goals

Teaching-learning plan

* Learning topics, learning goals, instructional methods, mixed learning environment, instructional
tools and materials, specific instructional activities, etc.

* Content for understanding the meaning and process of technical problem solving activities

Student activity * ‘Improving the discomfort of the mask’ according to the understanding of the problem, exploration

Teaching-learing sheet and development of ideas, realization, and evaluation.
material + Contents for career exploration in related fields such as inventors and intellectual property experts
Teacher’s  * Concepts and characteristics of technical problem solving and inventions.
presentation  * Quiz related to class content, etc.

Table 13. Activities for each stage of program

Stage Activity
* Experiencing new perspectives and observing the surroundings through searching for alphabets in
daily life, color bath activities, etc.
Activity Opening * Find problem situations in your life

* Research and presentation of cases of development and development of products used in daily life
* Solving technical problems and understanding the concepts and characteristics of inventions
* Describe the impact of inventions on social change

Understanding of * Understanding the issues with mask discomfort

problems * Checking the troubleshooting conditions
* Gathering information
Id loration Express ideas using mind maps based on collected information
Technological sellexploramo ¢ Develop ideas in groups through brainstorming
problem solving and developmett Selecting the best idea using the PMI technique
activity * Create sketches and blueprints of selected ideas
Realization e« Create improved masks according to blueprints
 Write a presentation note about the improved mask
Evaluation ¢ Presenting and evaluating results
» Evaluate the process (self-assessment and peer-evaluation)
« Interview the inventor
Activity closing * Research news related to intellectual property
» Understanding inventors and intellectual property experts
Content Organization
AHrek7] FAE Ea2 sHdEol A9 Frjeh iAol et Rt AElS o 4 = 8AIRE &
< =57 UA Aol 16A7 F = EEA] 22 2 4 THPark, 2018). 0] 21 3of| A= 2A17H] Fof
SEPUCE WP 2 AEE F 163 = S, Bs 7] DS 6214, Ve BAIsNE 2
WA S|, B ohre) A AR Pl Bk VI 4912 9le) 72 SelagoR
279) F7h2 W0l WA HLARFS WAL BE U182 QUSHL SPYSL 352 s Wt
L 3ol RS BHAL AR L BE WSS VIS 5t0] 298 4 YEE shglom 4F 1lo] 1
THio] ZHl5HA| o] 20] A 42 QI SIQITh TAE = EHE T8 AU AR nAIE ARt 5 5
o] ZA4Jo] Bl xlolU} i e 915 ol 4l @ malel 4]0 2 AL HRE AL
AFEE 470 9 AR B2 £909 A9 8olsPl 49T 4 YRS Lejol £90 2 Tl wat
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get T2l 0) THAIE Sk Ao thieh St 7Hd W22 Table 142F ZTH

Brain, Digital, & Learning. 2022 Vol. 12 No. 3

452



Development of a Theme-selection Program Based on Blended Learning for Free-Semester System in Middle School

Table 14. Blended learning configuration for each stage of program

Stage Study topic [Activity] Environment Tool and Material
Anew look at our daily life
[Searching for the alphabet in daily life, experiencing the Zoom, Padlet, Student activity
surroundings and looking at the surroundings through color ~ online sheet(LIVEWORKSHEETS), Smart-phone or
bath activities, etc., looking for problem situations in life] camera
Activi Introducing my OOO products!
o eninty [Investigate and present cases of development and offfine Student activity sheets, Coloring tool, Smart-phone
penng development of products used in daily life] or tablet
What is technical problem solving and invention?
[Technical problem solving, understanding the concept and offline Student activity sheets, Teacher presentation
characteristics of invention, and explaining the impact of material
invention on social change]
Understanding problems, exploring and developing ideas
[Understanding the problems related to the inconvenience
of the mask, checking the problem solving conditions, online Zoom, OKMindmap, Student activity
collecting information, expressing ideas using a mind map sheet(LIVEWORKSHEETS)
based on the collected information, and developing ideas in
a group through brainstorming]
Technical Idea exploration and development . ..
problem [Selecting the optimal idea using the PMI technique, offline Student activity sheet, Smart-phone or tablet
solving creating a sketch and blueprint of the selected idea]
activities
Realize offline Student activity sheet, Practice materials and tools
[Making an improved mask according to the blueprint]
Evaluation .
" . . . Zoom, Student activity
[Writing presentation notes on the improved mask, online i
presenting and evaluating results, and evaluating the shect(LIVEWORKSHEETS), Google Docs
process (self-evaluation and peer-evaluation)]
‘What do inventors and intellectual property experts do?
Activity [Interview with inventors, research news on intellectual . ..
closing property, understand inventors and intellectual property offline Studentactivity sheet, Smart-phone or tablet
experts]

W43 TPtol= @ majolz) 2alel k7o) sk B0IH BEHE 49 £ U A2 S A
7155t o, sk Igoll e wa-shg Ba2 TAIA SR AN St a}de] A SES Al o
A=E FCHKim, 2022). SHY E-5A|2F WARE mejAlE|o]d o2 A H w435 Agw 7]e4] ZAI5]
252 IR EYLE 7N ka2 3l] FANY L2 1S e s gt =k 3y
g5Ae 71 B2 B S 23R ZEZ 2 A, WAk Qo] w2t A e 2130
AE E52 M50 AV FEA o= St 4 = E B W8-S FAA 2= AACIAAL, B UE
o FAARE Hol sME9] ofslE FaAk sttt 71e4] A2 B BAIR] 7-1421A] o 3l
s s BB A BAY 2 512 270 58 RalA ANISHL ofoltiol 7141 283 ofolciof gk
7N 2P o) S E2 s o, =H 2, Al gt =t 2R, AlEF 2ol A AR EAH T A
A3, A3t 71e} 31 w7} Sof U8- Eaksto] mEHe Exo) ofs), ofoltio] et A A%, w7}
of SV} A ol2old 4 YLES slgick. P BEAE eho] 1 9|5 22 ol 8] Lekel BEAE
=g 7ksotez @ meRolih 22l S 714 oz AT 4 Stk

Brain, Digital, & Learning. 2022 Vol. 12 No. 3 453



Kim & Lee

5671A] 7147 EAS| AT Erdo] RoarolM 7142 BAls AT} o] /i, 54 olalE 913 Y
2 Slsl wALE ZedElol Mg Astolom, Al 11 o) RS AAlste] SIS olslE -,
22 53} /g S 2 olaiaka QLA mheletaat #ichKim, 2022).

Improvement Phase

Validity Analysis
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Table 15. Analysis of each item of the program content validity test

Division Evaluation question M SD
1. Is the program designed for the purpose of the free semester topic selection activity? 456 073
Program Purpose 2. Is the program designed for the purpose of technical problem solving activities? 478  0.67
3. Are the goals of the program clearly stated? 478 044
4. Is the topic related to the learner's daily life experiences? 478 044
5. Is it designed to arouse interest and interest in students? 433 071
6. Is it designed to enable students to explore career paths in related fields? 422 083
7. Are the contents of the program structured systematically? 478 044
8. Is the content designed to fit the class time? 489 033
Appropriateness of 9. Is the content suitable for middle school students? 456 053
program content 10, Were the materials and tools used for class activities appropriately selected for the class 467 071
composition and operation content?
process 11. Are student-centered classes designed in a mixed learning environment? 456 053
12.. Isthe int.eract.ion gnd feedback between teacher-student and student-student active in the 456 073
mixed learning situation?
13. Were appropriate media and materials used for blended learning? 456 053
14. Is a blended learning environment suitable for the activity content of each stage designed? 422 067
15. Is there any connection between offline-online classes? 478 044
All 460 021
Table 16. Experts
Division Number of participants
. . More than 5 years — less than 10 years 4
Technology education experience
More than 10 years — less than 15 years 3
Author of master's thesis on blended learning for middle school curriculum 2

I8 S el ek el e 24 2ok S0 A B L 4 0%, 22 B B 42
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Table 17. Revision and supplementation by expert opinions

* Break down the time required for each activity in the development of the learning process.

* In the 3rd and 4th 'Introduction to my OOO product class, to create a product introduction poster and present it, the teaching/learning process
plan and student activity paper specified in

* The contents of lessons 5-6 have many overlapping parts with technical subjects, so the concepts are arranged in a simple way, and it is
organized so that you can understand whether you understand the concepts through quizzes. He then added an activity to write his thoughts
about the impact of the invention on society and to discuss it with fellow learners.

* A variety of ideas for improving the discomfort of masks are presented to arouse interest and interest in students.

* Use KIPRIS (website) in the idea search and development process to see if the student's idea has already been registered as a patent, and to
help select ideas.

* The learning goals for lessons 9-10 were specifically expressed as 'One can select the best solution to solve the problem' and 'One can draw a
sketch and blueprint of the mask I want to make according to the selected idea.' .

* Added content so that problems or improvements (corrections) that occurred while making masks in the 11th and 12th sessions can be
written down on the student activity sheet.

* As a classroom tool that can be used in an online environment, it is used in a variety of ways, such as Google Docs, in addition to paddles, so
that interaction and feedback such as document collaboration can be actively conducted.

* During offline classes, students can take photos of the student activity sheets written in the content arrangement stage and upload them to the
online classroom to record and share them organically to connect offline and online classes.

» When small group discussions such as brainstorming are required, use the small meeting room function of zoom in online classes.

Preliminary Test
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Fig. 2. Student preliminary test
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Fig. 3. Outcomes

Table 18. Analysis result of each question in the questionnaire after student preliminary test

Evaluation question M SD
1. ‘Improving the discomfort of the mask’, which is a detailed topic of the technical problem-solving activity of this program, 438

. . . . . 0.52
was an interesting topic and motivated learning,
2. The program helped to understand technical problem-solving activities and inventions. 413 083
3. The program helped improve technical problem-solving skills. 438 092
4. The program helped me to search for a career in a related field. 413 083
5. The time allocation of the program was appropriate. 413 083
6. There was no difficulty in understanding the contents of the program or performing problem-solving activities. 425 071
7. There were no difficulties in using materials and tools during the problem-solving activities. 438 092
8. Teacher-student and student-student interaction and feedback were appropriate. 425 071
9. There was no difficulty in conducting the mixed learning of offline and online. 413 083
10. The blended learning environment was helpful in conducting the problem-solving activities. 450 0.76
All 426 045
Y0 MET 72 Table 1991 2. Y E2 nAA S FA 2 3t 7|52 A2 Eso] At
AR Ho] lojM Sr =St o, A S B, B9, Hg 50 & AFR o|FojAl = U
5 F50 o) 24H91 ojdo] otk the A28 ofoltiojs AZIehE ATt Letel £9] ETES
F85He ] ofele 2k S Yotk S 4A SO RHE ol SIS AL Mgstel
J3e 44 Beslett

Table 19. Narrative opinions on the student pre-test questionnaire

Division  Narrative Opinion

* As it is a topic about masks that are often experienced in real life, it was easy to understand the contents, and there were many
inconveniences of the actual mask.

« It was good that the class focused on activities such as hands-on practice, presentation, and discussion rather than lectures with
What was _theoretical content.

good during * It was good to know about related fields such as inventors and intellectual property experts.
program  * The process of generating ideas and solving problems is not an individual activity, but a group activity, which is very helpful.
« It was convenient to do it online when searching for information or collecting data.
« It was good that the ideas and activities of my friends were recorded in the online classroom so that I could find them anytime.
* The process of searching for ideas was conducted online, so it was convenient to think about ideas and share opinions.
« It was difficult to come up with new ideas.

D1(1;ﬁc.ultles * In the process of selecting ideas with friends, it was difficult to reach an agreement when there was a disagreement.
urin,

& . Some terms were difficult to understand and needed explanation.

program

« Difficulty using tools such as paddles and live worksheets.
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Discussion
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