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[Abstract]

This paper develops a framework to support teaching and learning fundamental elements of text-based programming in high
school. Foremost, the authors analyzed contents of programming area included in the 2015 revised national curriculum and
textbooks. Secondly, experts reached a consensus on the selection and organization of fundamental elements for teaching
text-based programming by the Delphi method. Finally, the Continuous Learning Framework for Text-based Programming(CLF-TP)
was proposed based on the agreed results. Fundamental elements in the framework were organized in consideration of the
continuity and sequence of them. The finding can assist high school teachers to determine the course of their programming
classes. It follows that students can build the basic concepts of programming systematically at the beginning of learning so that
they can lay the groundwork for learning software-related subjects.
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Table 3. Contents of programming in textbooks using C
Textbook A Textbook B
Chapter Problem solving and programming
Unit Lesson Unit Lesson
Program development
environment
How to develop a program C Integrated development Program development
environment environment
Starting with C
Variables and operators
) i ing @
How to program input, store, Input/output Bas[c of programming @
operate, output of value (Variables and data types)
Input/output with files
Conditional structure and
repetitive structure Basic of programming ) )
Unit ) o Basic of programming @
How to control the flow of a|Programming by conditional
and (Control structures and nested
program structure
Lesson - — control structures)
Programming by repetitive
structure
Arrays
Function ) )
. 3
Why use array and function? Basic of programming ®
) ! (Arrays and functions)
Value-returning functions
Global variables and local
variables
Example . )
How to solve various problem ) Meal voucher Vending machine
. ) Implementation of
situations through | Problem 1 .
programming programming p id
Problem 2 yrami
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Textbook A Textbook B Textbook C Textbook D Textbook E Textbook F
Chapter Problem solving and programming
Unit Programming
Computer Understanding of Program programming Fundamental of Program
rogrammin rogrammin development environment rogrammin development
prog g prog 9 environment Prog 9 environment
Developing Data type and Variables and data | Variables and data | Variables and data
nput/output
programs by Python | operators types types types
Variables and data | Condition and | Standard Standard )
. ; Operators Arrays input/output & File
types selection input/output .
input/output
equentialrepetiive | SENdard
Functions Repetition -cg‘nditional P input/output & File | Control structures Control structures
input/output
P _ structure _
Conditional Arrays and bulk Nested structure Utilizing control Functions Arays
statement Data structure
Repetitive statement Functloq ) Functions Utilizing arrays Appllcatloq of Functions
modularizing Programming
Events Software Lists and arrays Utilizing functions
Development
Input/output . Application of
function File input/output Programming
Effective
programming
Collaborative
programming
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Table 4. The delphi process

28 ~ x|.

Step 1 | Analyzing national curriculum and text book
!

Step 2 | Deciding sample size and selecting expert panel
!

Step 3 | Developing Delphi round one guestionnaire
1

Step 4 | Releasing and analyzing round one questionnaire
!

Step 5 | Developing Delphi round two questionnaire
l

Step 6 | Releasing and analyzing round two questionnaire
1

Step 6 | Documenting results and suggesting framework
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Table 5. Area of learning programming

Meaning Developing Evaluating Practicing
 Concept & + Fundamental . + Personal
Necessary - Debugging ;
- Language & elements - Efficiency project .
- Advanced + Collaborative
Development assessment h
. elements project
environment
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Table 6. Questions in first survey

Question No | Question types | Question contents
QA1 Closed—ended Evaluation Adequacy of word
Q.2 Open—ended

Selection of elements
Q.3 Open-ended
Q.4 Closed—ended | Relationship between elements
Q.5 Open-ended Organization of elements
Additional )
question Expert profile
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Table 7. Questions in second survey
Question contents
Question | Question
No types Category Aspect of
adequacy
Q.1-1 Concept
E— Selection —
Fundamental

Q.1-2 clements Category
Q.2 Closed Organization | Sequence
Q.3-1 —ended Concept
N Subtypes of | Selection S—
Q.3-2 fundamental Terminology
E— elements
Q.4 Organization | Sequence
Addmlonal Any other comments
question
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Table 8. Response rate of the delphi process

Size of Number of respondents

Expert panels th |

S [t Round 1 Round 2
Professor 4 3 3
Post—doctoral 4 4 4
researcher?
Teacher 4 4 4
Total 12 11 11
(Response rate) | (100%) (91.67%) (91.67%)

a Some of the post—doctoral researchers were appointed professors
after the survey period(2022.6-7).
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Table 9. Result of responses to fundamental element
options of learning programming

Proposed list of Expert opinions Total
fundamental elements Include | Delete Integrate
Variable 9 0 2 11
Data type 6 0 5 11
Operator 10 0 1 11
Standard input/output 10 0 1 11
File input/output 5 4 2 11
Control structure 10 0 1 11
Nested control structure |6 0 5 11
Array 8 0 3 11
List 5 1 5 11
Function 11 0 0 11

M

@ 39) gtoA FoNiok @ 71 8 BA o
, meoey A, meody 55, A, delny
o, eolnelelst mE', ‘Fejzsk AA, EAE 7 AAH
e 2 S AHBoh: G0l el 2 %

EAEE CAOJoNA, AN Shol4lol A F83 Aol o]
Q1 Ao sobHIlet. et e rely o] QA

e ang A4S 2ASIA e B AT BHS
Fale] 54 olojo] A7 Lk ASlSH: Aoz A%

B2

A Mk} AN 2 A A ] 871 2
535 9] 718 et 747 3 WAleh v 91e] &

7}6}7@ o=
uhA| et 23} ol 7| o) 2Hd| Bete] 2} AR}
AT A= - kg e A oS 7 7
FRk] vlg- ol 1ol A7 291 ofe) Al BelE
B3 AR AN A V1R aig R asd 1
ak9 el 2w deiz Aejshrl= skl 1 Ay <R
10>7} o] 71 a7k $4EAY, /R gaE L2
2 71 %, vlole A, dlolE ik, Alo] 4hx, TR B
F3le] 57101 7} 319) 24 7= HEE 243190tk
E 10. Z29 sh5o| 7|2 4 Xt
Table 10. Revised fundamental elements of learning
programming

Fundamental elements Subtypes of fundamental elements

Code and comment

Basic of programming
Standard output

Standard input

Variables and data types

Storing data
Assignment operation

Array and list

Arithmetic operation

Increment/decrement operation

Operating data Relational operation

Logical operation

Bitwise operation

Sequential structure

Conditional structure

Control structure
Repetitive structure

Nested control structure

Module and function

Modular programming

Library
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Table 11. Result of responses to the revised fundamental
elements of learning programming

Question No | M SD cv CVR
Q.1-1 4.55 .522 114 1
Q.1-2 4.55 .688 151 .818
Q.2 4.73 467 .098 1
Q.3-1 4.45 .688 154 .818
Q.3-2 4.45 .820 184 .636
Q.4 4.09 1.221 .298 .636
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Table 12. Confirmed fundamental elements of learning

programming

Fundamental elements

Subtypes of fundamental elements

Basic of programming

Code and comment

Standard output

Storing data

Variables and data types

Input and assignment

Array and list

Operating data

Arithmetic operation

Relational operation

Logical operation

Bitwise operation

Control structure

Sequential structure

Conditional structure

Repetitive structure

Nested control structure

Modular programming

Module and function

Library
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Fundamental Elements Advanced
Elemenis
Basic of Storing Operating Control Modular
Programming Data Data Structure Programming
Variabl d Arithmetic Sequential
ElE operation structure
Code and data types Module and
comment Relational Conditional function
Input and operation structure
assignment
Standard Logical Repetitive :
A Library
output operation structure
el Bitwise Nested control
operation structure
Skills Values
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Fig. 1. Continuous Learning Framework for Text-based Programming(CLF-TP)
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