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Analysis of Learning Problems in Middle School Informatics
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ABSTRACT

This study focuses on the development of computational thinking, a crucial skill in the era of digital transformation. It exam-
ines the significance of problem-solving experiences and analyzes the problem-solving and programming units in the revised
2015 middle school informatics textbooks. The analysis categorizes problems based on their type, programming instruction se-
quence, and context. The findings reveal that the problems presented in textbooks are predominantly structured, and the se-
quencing of programming education is evenly distributed across different stages. Regarding context, the most frequent were
unclassified problems, with a relatively high proportion of personal-context problems. Implications for enhancing students’
computational thinking include the need for a diverse range of problem types, including those with less structure, and an in-
structional environment that fosters conceptual internalization through problem-solving experiences. Furthermore, it is sug-
gested that problem-solving experiences should cover various contexts, including personal ones. This study aims to contribute
to the selection of learning problems for the upcoming 2022 revised curriculum in informatics, providing foundational research
to assist educational problems.

Keywords: SW-Al Education, Computational Thinking, Learning Problems, Informatics Subject, Textbook Analysis
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Table 1. Detail about the Types and Structures of the
Problems
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Table 2. Order of Teaching Programming
Order Teaching Programming
1 Constructs, Facts, Types
2 How individual constructs work
3 Use programming constructs in contrived contexts
4 Discriminate, Decompose, Abstract
5 Create programs Algorithm design
6 Test, Evaluation
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Table 3. Context in PISA 2022 Mathematics

Context Details

Personal context category focus on activities of
one’ s self, one” s family, or one” s peer group
Occupational context category are centered on
the world of work

Societal context category focus on one’ s
community (whether local, national, or global)
Scientific category relate to the application of
Scientific | mathematics to the natural world and issues and
topics related to science and technology

Personal

Occupational

Societal
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Fastest routes and shortest travel times to appointments

Cheolsoo wants to travel from A to

J to get to his meeting with 2
Younghee. There are several

possible routes to the destination.

Which route should he take to reach 3
his destination in the shortest

amount of time? (The numbers

represent the time it takes to travel

to each place.)

€) Write down the fastest way to get from A to J

@ What is the shortest travel time from A to J?

Figure 1. Examples of Learning Problems Set to A
Different Type with Expert Review
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Table 4. State of Learning Problems in Textbooks
Sub-Chapter
Text Book Abstraction and Pr . Sum
Algorithms ogramming
A 10 11 21
B 8 21 29
C 7 16 23
D 16 17 33
E 3 20 23
F 8 17 25
G 9 13 22
Sum 61 115 176
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Table 5. Analysis Results by Problem Types of Learning
Problems

g Algori- Rule- | Decision | Trouble-
Textbooks| Logical | " | Story Using | meking | shooting

A | 205 |9@280] 1470|205 | 14®| 00
B | 00 1213 00 |13(483[3 0030 1G4
C | 00 562 00 [8G®] 00 | 00
D | 1G0 [11(333)] 130 |12@630)] 30| 00
E | 143 |13665 00 |6@09| 00 | 14D
F 260050 00 (1870 00 | 00
G | 00 |116000] 1@ |[9@9ID| 00 |1@sH
Sum | 6340 |76 (4318)] 3 (L70) |68 (3860)] 7 (400) | 3 (L70)
Textbooks | DoE0SS S_gc;r?:r: Ag:fy";]s Design | Dilemmas

0O 00 |1@.76)|5 238D 0O
0O 0O 00 0O 0O
0O 0O 0O 0 0O
0O 0O 00O |50515 0O
0O 0O 00 |2@70)| 00
0O 0O 00 0O 0O
0O 0O 0O 0O 0O
Sum 0O 00 | 105712682 00
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Figure 2. Visualization by Problem Types of Learning
Problems
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Table 6. Analysis Results by Programming Teaching Orders
of Learning Problems

G How Lz inor| D Create
Step| Facts, wivic vl construdts | Decompose programs Te;t'
Types con“s;icts ap——— | — Algthm Evaluation
aonteds s
0 (0 0@ |417.39]6 (26.09) |7 (30.43) | 6 (26.09)
5(20.83)| 7 (29.17) | 4 (16.67) | 2 (8.33) | 4 (16.67)| 3 (8.33)
2 (8 6 (24) 2 (8 6 (24) 6 (24) 3 (12
14 8 (32 2 (8 6 (24) 6 (24) 2 (8
2 (6.25) | 7 (21.88)| 5 (15.63) | 6 (18.75) | 6 (18.75) | 6 (18.75)
5(238D| 2 (9.52) |5 (23.8]) | 4 (19.05) | 4 (19.05) | 1 (4.76)
6(4280)| 0O |5@G57D| 0O |20429]| 1(7.14
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