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ABSTRACT

The purpose of this study is to develop design criteria for teaching and learning materials in
the “Abstraction and Algorithms” unit of middle school informatics education by utilizing
the PMI (Plus-Minus-Interesting) convergent thinking technique. This study aims to lower
the high learning barriers students experience in algorithm learning and to enhance their
computational thinking (CT) skills. To this end, the achievement standards of the “Abstraction
and Algorithms” sub-unit in the 2015 Revised Middle School Informatics Curriculum

o] st nelristn Cistel AT ST} were analyzed, and instructional materials for a total of five class sessions were developed
BEARE according to the PDI (Prepare-Develop-Tmprove) model. The design criteria for PMI-based
HEMSY  SEmEtn ZAEEDS T na discussion materials, as well as the discussion topics and lesson plans for each session, were
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Table 1. Lesson Procedure Based on the PMI Technique

Phase Main Activity

Learners accurately understand the idea or
1 | Confirmation | discussion topic presented by the instructor and
organize their initial opinions.

Groups use activity sheets to list P, M, and I for

2 Idea . the presented idea. (Allocate 2-3 minutes per
Analysis
area)
Synthesis Groups synthesize the listed P, M, and I to
3 and complete a new idea or evaluate the original
Presentation | idea and present the discussion results.
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Table 2. Achievement Standards in the Unit of Abstraction &
Algorithms
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Table 3. List of Analyzed Textbooks for the Unit ‘Abstraction and

Code Achievement Standards Statement

Understand the current and goal states of a problem in
real-life situations, and analyze the tasks required to
reach the goal state.

9ICT03-01

Classify the necessary and unnecessary elements

oICT03-02 involved in problem solving.

Understand the meaning and importance of algorithms
as logical problem—solving procedures, and design
algorithms to solve real-life problems.

9ICT03-03

Explore and clearly express various methods and

9ICT03-04 procedures for problem solving.
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Algorithms’
List Iiflzsr?; Content Available for PMI Discussion Topics
Touring Amusement Park, Pictogram,
A 7 Receipe of Kimchi Fried Rice,
Weather Forecast Article Program
B 6 Encryption, Creating a Formula,
Working Principle of a Conveyor Belt
C The Battle of Myeongnyang, Ramyeon Receipe
D 4 Navigation Map, The Miracle on the Hudson
E 5 Picasso’s Bull Prints, Map Application,
Using a Robot Vacuum Cleaner
F Recycling, Subway Route Map, Ramyeon Receipe
Pictogram, Sandwich Receipe, Treasure Map
H 7 Picasso’s Bull Prints, Solving School Cafeteria
Problems, Cultural Heritage Viewing Route
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Table 4. PMI Thinking Topics for Each Class Session(1)

Leson | Section PMI topic
Abstraction —Textbook p. 86 — “Problem Occurrence at
& the Amusement Park” and “Problem —Solving
! Understanding ligi\c/ﬁsz . oating th .
the Problem iscussion on navigating the amusemen

park while looking at the map.

—Textbook p. 88 — Example of “Simplified Form
Extracting Key Elements” with Pictograms.

D) . ! 2 :
Abstraction | —pM discussion on the use and effectiveness of

& ) pictograms.
— Identifying - -
Key —Textbook p. 91 — “Creating a Weather Forecast
3 Elements | Article Program”
—PMI discussion based on the presented weather
forecast example.
—Textbook p. 94—95 — “Making Kimchi Fried
4 Rice”
Algorithm | ~PMI discussion on the recipe for making kimchi
& fried rice.
Underst.andmg —Textbook p. 96 — Example of an Algorithm for
5 Algorithms | “Touring Rides at an Amusement Park”

—PMI discussion on using the nearest amusement
ride first according to current location.
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Lesson | Section PMI topic

Algorithm | ~Textbook p. 99 — “Try It Yourself” Activity:
& Expressing “Making Kimchi Fried Rice” in

6-7 | Representation | Various Algorithmic Forms

and Structure | ~PMI discussion on pictorial representations of

of Algorithms | the kimchi fried rice recipe.
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Table 5. Needs Analysis Participants

oty Nu;r;ber Major & Teaching
T Academic Background Experience
—Computer Education
—-Computer Engineering,
Informatics Electronilc Engineering, z}nd other
Teacher 8 information— related majors 13-32
(Field) —Secondary School Teacher years
Certificate (Level 2) in
Information and Computer
Education
SW- ~Ph.D. coursework in Computer
Computer Educatl'on .
Fducation 5 —pursuing a Ph.D: in Elementary 6-8
Experts Computer Education years
(Content) -M.Ed. in Gifted Informatics
Education
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Table 6. PMI Thinking Topics for Each Class Session(2)

Lesson Section PMI topic
Abstraction | ~Textbook p. 86 — “Problem Occurrence at the
| & Amusement Park” and “Problem—Solving Process”
Understanding | ~PMI discussion on navigating the amusement park
the Problem | while referring to the map.
~Textbook p. 88 — Example of “Extracting Key
Abstracti Elements”: Simplified Animal Pictures
SITACtON | _pMI discussion on creating a subway map. (First
& O Creating y map. s,
2 dentifvi conduct a PMI discussion using an existing subway
entifying Key then. ¢ ~ond PMI discussion af
Flements maps then, carry out a secon iscussion after
going through the abstraction process to create
one’s own subway map.)
~Textbook p. 94-95 — “Making Kimchi Fried
3 Rice”
) ~PMI discussion on the presented recipe for making
Algo&;thm kimchi fried rice.
Understanding ~Textbook p. 96 — Example of an Algorithm for
Algorithms “Touring Rides at an Amusement Park”

4 -PMI discussion on the case of visiting the nearest
amusement ride first based on one’s current
location.

Algorithm =Textbook p. 99 — “Try It Yourself” Activity:
& Expressing “Making Kimchi Fried Rice” in Various

5 Representation | Algorithmic Forms

and Structure of | ~PMI discussion on pictorial representations of the
Algorithms kimchi fried rice recipe.
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Table 7. Review Result — Appropriateness of Teaching Materials:
Implementation of Materials

Category M | SD |CVR| CV | Accept
Accurate understanding of the
PMI technique 4.7710.60|0.85|0.13 O

PMI7IEi2 283 5tm Humu Sysiol 2nalE na-ste (2 W IF AL L =g

12



THE JOURNAL OF KOREAN ASSOCIATION OF COMPUTER EDUCATION Volume 29, Issue 5, 2026

Category M | SD |CVR| CV | Accept Category M | SD |CVR| CV | Accept
Sufficﬁent number of class hpg(s © 4971044 | 1.00]0.09 o Teacher prompts designed to help
effectively conduct PMI activities students refine and elaborate their
. . 4.3111.1810.69|0.27 O
. T ideas when applying the PMI
Inclusion of real-life problems 477 | 083 | 085 | 0.17 o i
that can be applied to the lesson ) ’ ’ ’ technique

Selection of appropriate lessons
for implementing PMI activities
and choosing PMI discussion 477 | 0.44 | 1.00 | 0.09 O
topics related to the learning
objectives

Adequate time allocation for
students to engage in meaningful | 4.62 | 0.87 | 0.85 | 0.19 O
discussion

Use of effective brainstorming

methods to generate diverse ideas 400 | 108 | 069 | 027 O

Establishment of objective

. S 392 | 132 038 | 0.34
evaluation criteria

Provision of individual tasks to
assess students’ understanding of | 423 | 1.30 | 0.69 | 0.31 O
the PMI problem in each lesson
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Table 8. Review Result — Appropriateness of Teaching Materials:
Quantity (Amount of Content)

Table 10. Review Result — Interest of Teaching Materials

Category M | SD |CVR| CV | Accept

Use of real-life examples or
problems to stimulate interest

5.0010.00 | 1.00 | 0.00 ©)

Use of introductory questions to
oductory q 4.69 | 0.63
arouse curiosity

0.8510.13 O

Strategies to promote
communication among students | 4.85 | 0.38 | 1.00 | 0.08 O
(or peers)

Providing hands—on tasks that

allow students to practice directly 4.621065]0.85)0.14 O

Using simple and clear

. 3 4.3811.190.69 | 0.27 O
explanations of concepts

Providing clear definitions of 469 | 0.48
terms and vocabulary

1.00 | 0.10 O

Sequencing content according to

students’ levels 4.2311.1710.69 ) 0.28 ©

Incorporating brainstorming 42311171 0.6910.28 o
activities ’ ’ ’ ’

Promoting not only knowledge
and skills but also changes in 4.6910.48|1.00|0.10 O
students’ attitudes

Category M | SD |CVR| CV | Accept
Appropriateness of Teaching and
Learning Materials for a Five— 4.46 10.66 | 0.85]0.15 O
Lesson Sequence
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Table 9. Review Result — Appropriateness of Teaching Materials:
Implementation of the PMI Technique

Category M | SD |[CVR| CV | Accept

Sufficient number of class hours
allocated for the unit

4.6210.65]0.85|0.14 O

Teachers’ understanding of the
PMI technique

Students” understanding of the
PMI technique 43111.11]0.85|0.26 O

4.8510.38]1.00|0.08 O

Provision of diverse instructional

examples applying the PMI 4.6210.65(0.85]0.14 O
technique

Provision of various problems

suitable for applying the PMI 4.8510.38 | 1.00 | 0.08 O
technique

Student materials that include
PMI discussion results and related | 3.69 | 1.25 | 0.23 | 0.34 X
activities

Providing diverse learning
materials that support self— 4.2311.010.54]0.24 O
directed learning

Table 11. Review Result — Effectiveness of Teaching Materials

Category M | SD |CVR| CV | Accept

Conducting engaging lessons that
sustain students’ interest

4.8510.38|1.00|0.08 ©)

Improving students’ problem—

. 4.5411.13]0.85|0.25 ©)
solving abilities

Enhancing students’ motivation to

learn software education 4.3810.8710.85)0.20 ©

Strengthen‘mg students” emotional 4310631085015 o
competence

Fostering students’ creative
& 4.46

thinking skills 120 0.6910.27 ©

Developing students’

computational thinking skills 4.3111.3210.60)0.31 O

Achieving the learning objectives
of the “Abstraction and 4.6910.85|0.85]0.18 @)
Algorithms” unit

Developing and applying a
systematic teaching and learning
approach for the “Abstraction and
Algorithms” unit

4.7710.44 | 1.00 | 0.09 @)
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Figure 1. Textbook Excerpts, PMI Discussion, and Content Elements
of Lesson 1
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Figure 3. Lesson 2 Worksheet
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Figure 4. Textbook Excerpts, PMI Discussion, and Content Elements
of Lesson 3
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Figure 6. Textbook Excerpts, PMI Discussion, and Content Elements
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Figure 8. Textbook Excerpts, PMI Discussion, and Content Elements
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