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ABSTRACT

The purpose of this study is to systematically develop minimum achievement
standards that students must attain through the school curriculum to ensure basic
academic competence in middle school informatics education. To this end, based
on the concept defined in the Act on Guarantee of Basic Academic Competence,
an analysis of the alignment between the achievement standards of elementary
practical arts and middle school informatics was conducted. In addition, a two-
round Delphi study involving informatics education experts and in-service
teachers was carried out to examine the validity and consensus of the proposed
standards. The results indicate that basic academic competence in middle school
informatics is defined as the minimum level of competence that middle school
students must possess to successfully engage in informatics learning. Accordingly,
a total of 27 achievement standards across five domains—computing systems,
data, algorithms and programming, artificial intelligence, and digital culture—
were derived. This study empirically demonstrates that explicit and systematic
achievement standards for diagnosing and supporting basic academic competence
can be established in informatics education, thereby providing foundational
resources for the future development of achievement-standard-based diagnostic
tools and learning support systems.

Keywords Basic academic competence, Informatics basic academic competence,
Informatics education, Diagnostic assessment, Minimum achievement standards
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Table 1. Draft Definition of Basic Academic Competency and
Achievement Standards in Middle School Informatics

No. Term Operational Definition

The minimum level of competency

Basic Academic . .
that students are required to possess in

Competence in

C1 . ) order to successfully engage in learning
Niljfglrems;};;d activities in the middle school informatics
curriculum,
. Explicitly articulated entry—level
SAt ;Eg::é?efgz benchmarks that specify the expected
Basic Academic level of attainment, established to
C2 determine whether students have

Competence in
Middle School
Informatics

developed the minimum competencies
required to participate in the middle
school informatics curriculum.

Table 2. Draft Achievement Standards for Basic Academic Competency
in Middle School Informatics

Domain | No. Achievement Standard

Explain the concept and operational process
1 | of the basic components of a computer system
(input — process — output).

Computing

Systems 2 Explain that various types of computer forms

exist.

3 Explain the process of solving problems using a
computer.

4 | Distinguish between digital data and analog data.

Explain the types of data that a computer can
process.

6 | Collect necessary data and store them as files.
Data 7

Represent given data in tabular form.

Represent relationships among given data using
diagrams.

9 | Interpret the meaning of data.

10 | Solve real-life problems using data.

Redefine real-life problems as computationally

1 solvable problem situations.

1 Represent real-life problems as processes for
computer—based problem solving.

Alg(;;ltdhms 13 Express algorithms for computer—based problem
P . solving in various ways.
rogramming
14 Understand that multiple algorithms may exist to
solve a single problem using a computer.
15 Develop programs utilizing data structures for
storing data.
16 Develop programs using control structures
(sequence, repetition, selection).
17 | Develop programs using arithmetic operators.
18 | Develop programs using comparison operators.
Algorithms | 19 zder}tlfy and resolve loglcal errors that occur
and uring program execution.

Programming 20 Develop computer programs to solve real-life

problems.

21 Collaboratively develop computer programs to
solve real-life problems.

29 Share computer programs developed to solve

real-life problems.
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Domain | No. Achievement Standard No. | M SD | CVR | Stability | Convergence | Consensus
Understand the concept and principles of 13 | 420 | 0.941 | 0.60 | 0.22 0.50 0.75
23 | artificial intelligence and recognize Al software 14 | 393 | 0884 | 0.47 0.23 1.00 0.50
applications. : . . . : :
o4 Distinguish aspects of society that have changed 15 | 440 | 0632 | 087 0.14 0-50 075
due to artificial intelligence. 16 | 473 | 0.458 | 1.00 | 0.10 0.50 0.80
95 | Explain why data are necessary for training 17 | 447 | 0915 | 073 | 0.21 0.50 0.80
artificial intelligence systems. 18 | 447 | 0915 | 060 021 0.50 0.80
% Selggt appropriate types of data for use in Al 19 | 420 ] 0941 | 073 0.22 0.50 075
Artificial training,
il - - 20 | 4.53 | 0.743 | 0.73 0.16 0.50 0.80
Intelligence 27 Select appropriate data formats for use in Al
trainin. 21 | 433 ] 0.724 | 0.73 0.17 0.50 0.75
g.
28 | Train an artificial intelligence model using data. 22 | 44710743 1 0.73 | 0.17 0.50 0.75
29 Apply an artificial intelligence model to solve 23 | 413 ] 0.640 | 0.73 0.16 0.50 0.75
real-life problems. 24 | 407 | 1223 | 020 | 030 1.00 0.60
30 Recogn@ze thaF the qualit}{ of training data may 25 | 460 | 0632 | 087 0.14 0.50 0.80
lead to issues in the resulting AI model.
- — — 26 | 440 | 0.828 | 0.87 0.19 0.50 0.80
31 Identify ethical issues arising from the use of
artificial intelligence models. 27 | 420 | 1.014 | 0.73 0.24 0.50 0.75
37 Explain changes in everyday life brought about 28 | 453 | 1.060 | 0.87 0.23 0.50 0.80
by digital technologies. 29 | 433 | 1113 | 0.73 | 026 0.50 0.80
33 Explain the rules and norms that members of a 30 | 447 | 0.640 | 087 | 0.14 0.50 0.80
Digital digital society should follow. 31 | 440 | 0737 | 073 017 0.50 0.80
Culture 34 Explain the characteristics of digital spaces in : : ' ' : '
comparison with physical spaces. 32 | 460 | 0632 | 0.87 0.14 0.50 0.80
35 Explain the concept of copyright in digital 33 | 460 | 0.737 | 0.73 0.16 0.50 0.80
content. 34 | 4.53 | 0.743 | 0.73 0.16 0.50 0.80
35 | 4.60 | 0.632 | 0.87 0.14 0.50 0.80
Fotal YR} 7|28k HH7]E 29k 2022 7 A
23t AsHe) G w2 3 3hel BAIEE 13 skl S AN Bk rde dnnn

Table 2 2+ Zro] 7idk o 25w HE wakel 7+
o] 57/H(HFE Al2H, ﬂOl B, duejEy m2aed, <l
A, OAE #3hE pAstlon, 7 ol 471

2 3~1270 2 FAdE o] Sl

13} suto] Abe Table 3 3t 2ot HFH o2 el 4
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Table 3. Results of the First Delphi Round
No. | M SD | CVR | Stability | Convergence | Consensus
Cl | 433 10900 | 0.73 | 0.21 0.50 0.80
C2 | 453 | 0516 | 1.00 | 0.11 0.50 0.80

1 | 4270961 | 0.60 | 0.23 0.50 0.80

2 4.13 | 0.915 | 0.60 0.22 0.50 0.75

3 4.07 | 0.799 | 0.47 0.20 1.00 0.50

4 | 467 | 0617 | 087 | 0.13 0.50 0.80

5 | 42710884 | 073 | 021 0.50 0.75

6 | 447 | 0915 | 0.73 | 0.21 0.50 0.80

7 | 413 | 0990 | 0.47 | 0.24 1.00 0.50

8 | 407 | 0961 | 047 | 0.24 1.00 0.50

9 | 420 | 0676 | 0.73 | 0.16 0.50 0.75

10 | 433 | 0.976 | 0.60 0.23 0.50 0.80
11 | 4.27 | 0.704 | 0.73 0.17 0.50 0.75
12 | 447 | 0.640 | 0.87 | 0.14 0.50 0.80
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Table 4. Revised Definitions of Basic Academic Competency and
Achievement Standards in Middle School Informatics

No. Term Operational Definition

Basic Academic

c1 Competence in

Middle School
Informatics

The minimum level of competency that
middle school students are required to
possess in order to engage in learning

activities in the informatics curriculum.

Achievement
Standards for
Basic Academic
C2 .
Competence in
Middle School
Informatics

Entry—level criteria established to
evaluate whether middle school
students have developed the minimum
competencies required to learn the
informatics curriculum.
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Table 5. Results of the Second Delphi Round

No. | M SD | CVR | Stability | Convergence | Consensus
Cl | 487 | 0.352 | 1.00 0.07 0.00 1.00
C2 | 467 | 0.617 | 0.87 0.13 0.50 0.80

1 4.80 | 0.414 | 1.00 0.09 0.00 1.00

2 473 | 0.594 | 0.87 0.13 0.00 1.00

3 447 | 0.743 | 0.73 0.17 0.50 0.80

4 473 | 0.458 | 1.00 0.10 0.50 0.80

5 4.87 | 0.516 | 0.87 0.11 0.00 1.00

6 4.80 | 0.414 | 1.00 0.09 0.00 1.00

7 4.60 | 0.737 | 0.73 0.16 0.50 0.80

No. | M SD | CVR | Stability | Convergence | Consensus
467 | 0.816 | 0.87 | 0.17 0.00 1.00
480 | 0.414 | 1.00 | 0.09 0.00 1.00
10 | 4.87 | 0.352 | 1.00 | 0.07 0.00 1.00
11 | 467 | 0.816 | 0.87 | 0.17 0.00 1.00
12 | 460 | 0.632 | 0.87 | 0.14 0.50 0.80
13 | 487 | 0.352 | 1.00 0.07 0.00 1.00
14 | 487 | 0.352 | 1.00 0.07 0.00 1.00
15 | 493 | 0.258 | 1.00 | 0.05 0.00 1.00
16 | 493 | 0.258 | 1.00 | 0.05 0.00 1.00
17 | 473 | 0594 | 0.87 | 0.13 0.00 1.00
18 | 493 | 0.258 | 1.00 | 0.05 0.00 1.00
19 | 473 | 0.458 | 1.00 | 0.10 0.50 0.80
20 | 4.87 | 0.352 | 1.00 | 0.07 0.00 1.00
21 | 4.67 | 0.724 | 0.73 0.16 0.00 1.00
22 | 4.67 | 0.617 | 0.87 0.13 0.50 0.80
23 | 473 | 0.458 | 1.00 | 0.10 0.50 0.80
24 | 480 | 0.414 | 1.00 | 0.09 0.00 1.00
25 | 480 | 0.414 | 1.00 | 0.09 0.00 1.00
26 | 4.80 | 0.414 | 1.00 | 0.09 0.00 1.00
27 | 480 | 0.414 | 1.00 | 0.09 0.00 1.00

27} dufo] Ast, Fotw Hw3} 7| 2okl 224H 4
o(Cl), Foha YRt 7|25t FH7IEo 244 4o
(C2), 28jx Zt I HH7IE2 BHTE, =, £
=, FE 5 RE AXo|N P Ao et o
mh <EE2 353} o] AR HEBILo] 27} o 70| AAESY
omn, AL o]2 Z3tH o2 HESIH <T 65T} <E 7>

o=

off A|AISE HFehS =&

= —61'33. A 1247%__/] le—z% 2%_49}

’E?PO% ‘24 21 S £329 7ido] S5 o

Ae 133te], HFtolMEe FH} 7]

29 557%4 ool JHu 7|25t JH7Ee 49

EIE- %oel—sl_ 1, 0:17101] }\‘]_'47]—.———] 7H]§ 7]'—8]'5‘ 661

gl o ol 2 4371z oise) §d
Beslo] 2% skt

Table 6. Final Definitions of Basic Academic Competency and
Achievement Standards in Middle School Informatics

No. Term Operational Definition

Basic Academic

Competence in

Middle School
Informatics

The minimum level of competency that
middle school students are required to
possess in order to engage in learning

activities in the informatics curriculum.

Cl

Achievement
Standards for
Basic Academic
C2 .
Competence in
Middle School
Informatics

Achievement standards established
to evaluate whether middle school
students have developed the minimum
competencies required to learn the
informatics curriculum.
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Table 7. Final Achievement Levels for Basic Academic Competency in

Middle School Informatics

No. Achievement Standard
Distinguish the basic components of a computing
1 |system: input devices, processing units, and
output devices.
C(S)mp uting Explain the role of software executed within a
ystems 2 .
computing system.
3 Explore various forms of computing systems used
to solve real-life problems.
4 | Distinguish between digital data and analog data.
5 Explain the types and formats of data that can be
processed by a computing system.
6 | Select appropriate data for problem solving.
Data 7 Represent data collected for problem solving in
tables or graphs.
8 Explain the characteristics of data presented in
tables or graphs.
9 Explore cases in which data are utilized to solve
real-life problems.
10 Describe the conditions and information required
to solve a problem.
1 Represent the process of problem solving using
various methods.
1 Understand different algorithms for solving a
problem.
13 Develop simple programs using data structures
for storing data.
Alg(;ﬁéhms 14 Develop programs using arithmetic and
. comparison operators to solve problems.
Programming
15 Develop programs using control structures to
solve problems.
16 Identify errors that occur during program
execution.
17 Develop simple programs to solve real-life
problems.
18 Collaboratively develop programs to solve real—
life problems.
19 Understand the concept of artificial intelligence
and explore Al software applied in real life.
20 Explain why data are necessary for training
artificial intelligence systems.
Artificial 21 Identify the types and formats of data used in Al
Intelligence training.
22 | Use Al tools to solve simple real-life problems.
Recognize ethical issues that may arise in the
23 | process of learning and applying artificial
intelligence.
Understand changes in everyday life brought
24 - .
about by digital technologies.
25 Understand the basic rules necessary for safe
o participation in a digital society.
Digital - - - -
Culture 2% Explain the necessity of copyright protection for

digital content.

27

Understand the importance of personal
information used in digital spaces and explain its
types.
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