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Development of Evaluation Question Types and
Difficulty Level Measurement Methods Based on
Programming Elements for the Programming Area
of High School Informatics Subject
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ABSTRACT

In the 2022 revised curriculum, language, numeracy, and digital literacy
were established as fundamental competencies for elementary and
secondary students. With the growing importance of artificial intelligence
and software education, schools are increasingly focusing on digital literacy
and Informatics education. Meanwhile, since the 2015 revised curriculum,
there has been active research on effective computer programming teaching
methods aimed at enhancing computational thinking and problem—solving
skills. This paper focuses on the automation aspect of computational
thinking and aims to develop various types of programming problems
for high school students, centered on the Python programming language.
In addition, this research proposed a method based on programming
elements to determine the difficulty of the problem, and 50 different types
of problems were generated using generative Al. From these, 20 problems
were selected and refined, then given to Informatics teachers to solve.
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Table 1. Problem type comparisons between TOEFL and computer
programming languages

2 1 .
TOEFL rogramming Description
Test
Code - to include the ability to understand
. . and analyze the given code.
reading | Comprehension . R .
.|~ to interpret the functionality, logic,
and Analysis
and outcome of the source code.
- to write new code and implements
. . lgorithms to sol blems.
writing Coding ) algorithms to solve problems. )
to write code to perform specific
functions or solve given problems.
- to identify the purpose of the
program.
listening - to connect and understand the
Code Inspection/| content, perform an overall code
\X/alk*through ana]ysis.
speakin - to express the meaning of the
p J entire code verbally.
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print(x, y) A
z=0 ]
if (x $3) ==0 : B
y=y *x N
ify>z: i
z +=y D
else : E
zZ =Y
else: 3
ify>2: |
x +=1 G
print(x, y, z) H

Cyclomatic number = 4 (R1, R2, R3, R4)

Figure 1. An example for a cyclomatic number
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Table 2. Programming components learned in high schools

Component Content

Identifiers variable, constant, literal

Data types int, float, str, bool, list, dict, set, tuple
Operators arithmetic, comparison, and logical operators

Expressions operands, operators, priorities, values

Statements sequence, selection, iteration

Functions user defined functions
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Table 3. Items for determining difficulty levels

Items Description
number of variables, operators,
Number expressions, if, for, while statements,
) functions, arguments
Quanti—
: statements, functions, list and dictionar
tative Length Y
elements
Dimensions dimensions of lists and dictionaries
. position of the blanks to be filled in
position .
with code
ualita— . .
Q ; nested—if, nested—for, mixed structure,
tive structure -
composite data structure
scope global variable, local variable
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Table 4. Problem types for program reading
Types Description
— values of specific variables,
Value findings expressions, or functions
— global and local variables’ values

— the positions containing syntactic,

Error findings . .
semantic, logical errors

Program execution |— the results of programs after
result findings executions
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Table 5. Problem types for program writing

Types Description

- to guess the variable names
- to guess the operators
- to guess the conditions in the control
statement
- to guess the correct statements
- to guess the values of the function

Filling in the blanks

parameters
Ordering - to rearrange the code snippets in the
correct order
Simplifying - code refactoring
3.2.3 719 #at7] 713
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Table 6. Problem types for program listening and speaking

Types Description

Program meaning
finding

— programs’ purposes or meanings

Program exception
finding

- programs’ exceptions the programs
contain.

Program complexity
finding

- programs’ time complexities
- programs’ space complexities
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Table 7. Question description

Description
No DL
A B C D g, F G

pl 2 2 0 0 0 0 X L

p2 4 3 1 0 0 0 X M
p3 4 3 1 1 0 1 X M
p4 5 4 0 0 1 0 X M
PS5 5 4 0 0 0 0 X M
p6 2 1 0 0 0 1 O H
p7 3 2 1 1 1 1 X M
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Description
No DL
A B € D 1g I G
p8 1 4 0 1 0 0 X M
P9 4 1 0 1 0 1 X M
pl0 3 2 0 2 0 2 X H
pll 2 3 0 1 1 0 X M
pl2 4 3 1 0 2 0 X H
pl3 3 2 1 1 0 2 X H
pl4 2 5 0 1 0 0 X M
pl5 4 3 1 0 0 1 X M
pl6 3 3 0 1 0 1 X M
pl7 2 2 0 1 0 0 X M
pl8 3 4 0 0 1 0 X M
p19 4 5 0 2 0 0 X H
p20 4 3 1 2 0 1 X H

A No. of variables, B: No. of operators, C: No. of ifs,
D: No. of fors or whiles, E: No. of functions,

F: No. of lists or dictionary, G: Scope(local/global)
DL: Difficulty level(H: High, M: Middle, L: Low)

2. What is the result of
running the following

7. The following program finds the maximun value
in a list of elements, and there is a logic error in the

program? program.What is the line number where the error is?

a =10 01| def findmax(L):

b =20 02| max=100

03| for number in L:

result = a * b << 2 04 if max < number : max = number

; 05| return max
message="big"
TH Fesalt s L1000’ 06| print (£indmax ([70, 20, 901))

message = "large" line number 01
elif result > 500:

message = "medium" line number 02
else:

message = "small" line number 03

print(result, message) line number 04

200 small 1o ansveers

400 small

800 medium

1200 large

1o answers

10. Explain what task the following program is designed to perform. The result of
running the program is 4 3 4 5, printed vertically.

01 | words = ["apple", "banana", "cherry", "date"]
02 | for word in words:

03 v = set (word)

04 print (len(v))

This is a program that finds the length of each element in the list words,
This is a program that calculates the number of different alphabets each element of the list words
has.

This is a program that calculates the number of vowels (a, e, i, 0, u) that each element of the list
words has,

This is a program that calculates the number of consonants, not groups, that each element of the
list words has.

no answers

13. The following program is a code to create a list by collecting only positive
numbers from a list and print the number of elements in the list. Write the Python

code that should go in the blanks (a) and (b).

01| numbers = [10, -1, 12, -20, 15, -3]
02 p =11

03| for n in numbers:

04 if n <=0 : (a)

05 p.append(n)

06| print ((b) )

(O (a)break  (b) numbers
O @break (b)p
o (a) continue (b) numbers
QO (a) continue (b) p

(O Noanswers

17. The following code snippet is for drawing a star. Put the code snippets in the
correct order, referring to the turtle’s head. Indentation is not shown.

coda‘ code

snippet

@ | import turtle as t
@ | t.rt(144)
@ | for i in range(5):
@  t.£d4(100)

OO0 00O
5 ©
[
@
!
®
!
®

No answers

Figure 2. Examples for evaluation problems
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No No of Corrects - D_Ll DL2
High Middle Low
pl4 21 3 13 8 M
pl5 16 11 11 2 M
bl6 9 5 15 4 M
pl7 19 3 12 9 M
pl8 18 6 14 4 M
p19 11 17 7 0 H
p20 15 5 15 5 H

DL1: Difficulty level evaluated by teachers
DL2:Difficulty level evaluated by this research

olg Atm1 7| 98, Table 92f 7ro] HAHEA S
FAct (Fig. 3 ¥x). BA A= F = 3.098, p=0.0182
ol4:% 005004 EAH o2 Folua] BA] 444
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Table 9. Result of ANOVA for different problem types

FEHLS M =)o) Zo) 7} 6 Ar g 2 dTLo)A Types Mean SD
+ Z2I0] ol & oo A85hA] ghgteLt, WAL program execution result 7.25 2.19
o $EoRRH Wo|zo| Z2IYY Zo|x F2S 1 reading findng ()
4o molslgitt. WA} Ao BEst fafe] ma e error finding (B) 6.11 1.82
fill in the blanks (C) 6.04 275
Zol= BE 10 o]4Fo & AN AT writing ST e
ordering (D) 7.71 3.29
ing finding (E 7. .
Table 8. No of correct answers for 20 questions and difficulty levels program meaning finding (F) %2 192
total 7.01 2.54
DL1
No No of Corrects : - DL2 degree of | mean
High | Middle | Low s @i SRR | o square 5 P
1 16 0 0 24 L
P between 74776 4 | 1869 |3.098| 018
p2 19 8 15 1 M groups
03 15 6 17 2 M within groups | 693.935 115 | 603
p 2 ! 13 0 | M total 768712 | 119
pS 13 1 12 11 M
p6 16 8 15 1 H (D type () type -] p
o7 11 9 15 7 M reading(A) -1.208 091
error writing(C) -0.069 922
P8 18 > 12 ! M ®) speaking(E) ~1.877* 009
p9 13 12 11 1 M order(D) -1.667* .020
p10 21 8 10 6 H reading(A) -1.139 111
writing speaking(E) -1.807* 012
pll = ’ = i M © error(B) 0.069 922
pl2 13 11 9 4 H order(D) -1.597* 026
pl3 16 5 15 4 H
NSstn YH 20| =Y P Wot 28 RN Z2IY 24 I8 Lol S U L 31



(D type () type I-] D
reading(A) 0.458 519
order writing(C) 1.597* .026
D) speaking(E) -0.210 768
error(B) 1.667* .020
reading(A) 0.668 .348
speaking writing(C) 1.807* 012
(E) error(B) 1.877* .009
order(D) 0.210 7168

*significantly statistically different at « = 0.05

(A: program execution result finding problems, B: error finding
problems, C: filling in the blanks problems, D: ordering problems, E:
program meaning finding problems,)

Differences in means of problem types

8
7
6
5
a
A B C D E
=s=Teacher

Figure 3. Differences in means of problem types for teachers
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