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[Abstract]

In this paper, we propose a new educational approach to help learners form concepts by identifying the
properties of programming concepts targeting a group of experts in programming education. Therefore, we
confirmed the typical properties of concepts by programming education experts for programming learning
elements through conceptual metaphor analysis, which is a qualitative research method, and confirmed the
validity through the delphi method. As a result of this study, we identified 17 typical properties of programming
concepts that learners should form in programming education. The conclusions of this study are that need
to compose the educational content more specifically for the conceptualization of learners' programming as
follows: 1)the concept of a variable is to understand how to store data, how to set a name, what an address
has, how to change a value, various types of variables, and the meaning of the size of a variable, 2)the
concept of operator is to understand how to operate the four rules, how to deal with it logically, how to
connect according to priority, meaning of operation symbols, and how to compare, 3)the concept of the control
structure is to understand how to control the execution flow, how to make a logical judgment, how to set

an execution rule, meaning of sequential execution, and how to repeat executing.

» Key words: Programming Concepts, Conceptual Metaphor Analysis, Delphi, Typical Properties,
Programming Education
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I. Introduction
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II. Background

1. Programming Concepts
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2. Conceptual Metaphor Analysis
7fEA WL EAM(conceptual metaphor analysis)
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3. DeIphi
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Table 1. Part of the CVR value of minimum consent

experts by Ayre C. et al.[20]

N(Panel Size) Minimum number of CVR critical
consenting experts exact values
5 5 1.00
6 6 1.00
7 7 1.00
8 7 .750
9 8 778
10 9 .800
11 9 636
12 10 667
13 10 .538
QHCI2(1977)2 nfololq 10~15%0] 47ee] Ae
o g85 Ans dg 4 9SS sy
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III. Methods

1. Delphi Process
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Conceptual Selaidi:m of candidates for typ::al
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Round 1 metaphor analysis ming elements pregrmmne
b

First-order validation of candidates
Round 2 Median, IQR, Mean, for  ypiel  anboes  of

SDev, QR QV) programming leaming elements
W=D HOU Determining typial attributes of

Round 3 o programming leaming elements

Fig. 1. Delphi procedure
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2. Data Collection

Atz 24 71712 20209 59 18YHE Fd 74 19¢
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3. Analysis Method

A HEtz 242 AARCz Isgsh] sl AN
A =t o2 7=80] mERA] 2.0(Bluebird 2.0)2 AFE-S}
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oM RAL 2, F6] PO olojale SAel UA
A WS £ & U =ouh25]. TR 2.05
ol§3t AR BAL 1A U, 2l-3 A1, 3
TE PS7I0NE, 4R A eERED,
5%‘7%]——;% | 59 D= ruiElof] QITH25]. o] A=

= ot Ale S iR 7t
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IV. Results

1. Results of Round 1

12h2E dujol= A7t AT 71EA tete 2471
Atag SAste] ZiEA HigfL 242 A1egstolt). 1 4
v, 2oy ws At AT ey Q40 of
st 7j&EA  ugx  HE3(conceptual metaphor
expression) 2% 00| FEEA sty dAet
7heRt AR £44Z 7 QlS0] ERlE it 1 AR
o] Aut= Table 2.9} Zth
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Table 2. Conceptual metaphor analysis result of
programming elements for experts
Elem Code | Typical attribute candidate n(%)
ents
V1 Containable 11(100)
V2 Changeable 10(90.9)
V3 Storable 8(72.7)
V4 Named 6(54.5)
Varia V5 Sized 5(45.4)
ble Vé Diverse in form 4(36.3)
V7 Frequently used 3(27.2)
V8 Invisible 3(27.2)
V9 Addressed 3(27.2)
V10 | Easy to delete 3(27.2)
V11 Temporary 3(27.2)
01 Converting 10(90.9)
02 Arithmetic 6(54.5)
03 To compared 6(54.5)
04 Logically processed 6(54.5)
Oper 05 Connected 5(45.4)
ator 06 Controlling 4(36.3)
07 Symbolic 3(27.2)
08 Finding data 3(27.2)
09 Making a relationship 2(18.1)
010 | Distinguishing form 2(18.1)
011 Prioritized 2(18.1)
C1 Logically judged 10(90.9)
Cc2 To control the flow 7(63.6)
C3 Finding the way 6(54.5)
Contr c4 Repeating 6(54.5)
ol C5 Observing the rules 5(45.4)
struc Cé6 To choose 4(36.3)
ture c7 To solve the problem 4(36.3)
C8 Assembled 4(36.3)
c9 Made simple 2(18.1)
C10 Executed in sequence 2(18.1)
C1n Overlapping 2(18.1)

A7} o] /has lelEe EHE Z2 gy o)
o] WASHE £4L WA 4 171K, At 4 11
71, Aol & £ 117}7] o] Sels|sick. ojef 20|
5 33717 442 7F m212)y R40] Tdo) ZHe A1
A 4% 971 Bk

2. Results of Round 2

22}2-E dinjo] RA= 12k dnjo] AufE HiEto
2 URE CEUQE 33719 ey @4vt 2 A
FA &4 TEE OeR A8t 22kt 72
7F For PE AYPA 4749 sEE0] ol 840
PR &4o= EJrE*OJKl% Yrlol= Aotk 88 Al
9 = PaH{mean), EFHAKStDev),
(median), AFEHPHAICR), UEEIG=H]E
(CVR), BIoJAICV) 59 32 =&351%

D2y QA) 7 APA &/ SE 3E i
o= A7t AToA 44 27E Aer gAY =g

eIk FAIKQl ZAvk= Table 3.4 Ztth

rlo

Table 3. Expert opinion on candidates for typical
attributes of programming learning elements

Elem Code | Mean | StDev Med IQR CVR cv
ents 1lan
V1 3.64 | 674 4 1 0.818 | 0.185
V2 3.55 | .820 4 1 0.636 | 0.231
V3 3.73 | 467 4 1 1 0.125
V4 3.45 | .688 4 1 0.818 | 0.199
Varia | V5 3.27 | .647 3 1 0.818 | 0.198
ble Vé 3.27 | .786 3 1 0.636 | 0.240
V7 2.91 701 3 1 0.455 | 0.241
V8 255 | .688 2 1 -0.091 | 0.270
V9 3.36 | .505 3 1 1 0.150
V10 236 | 505 2 1 -0.273 | 0.214
V11 2.91 .831 2 1 0.273 | 0.286
01 3.36 | .809 4 1 0.636 | 0.241
02 3.55 | .688 4 1 0.818 | 0.194
03 3.27 | .786 3 1 0.636 | 0.240
04 3.00 | .632 3 1 0.636 | 0.211
Oper 05 2.64 | 924 3 1 0.273 | 0.350
ator 06 336 | .674 3 1 0.818 | 0.201
07 255 | .820 3 1 0.273 | 0.322
08 2.91 .831 3 1 0.818 | 0.286
09 282 | 751 3 1 0.273 | 0.266
010 3.18 | .603 3 1 0.818 | 0.190
011 3.18 | .603 3 1 0.818 | 0.190
C1 3.64 | 505 4 1 1 0.139
Cc2 2.91 944 3 2 0.455 | 0.324
C3 336 | .674 3 1 0.818 | 0.201
Contr| C4 3.55 | 522 4 1 1 0.147
ol C5 3.36 | .505 3 1 0.818 | 0.150
struc | Cé 3.00 | .632 3 1 0.636 | 0.211
ture Cc7 236 | .809 2 1 -0.091 | 0.343
C8 255 | .820 3 1 0.091 | 0.322
c9 2.64 | 809 3 1 0.455 | 0.306
C10 3.27 | 467 3 1 1 0.143
C11 273 | .647 3 1 0.455 | 0.237

AI5(CV) Zko] 0.1251 ~ 0.35 Atojo]l =

o
cér ] o}x%x%o]a}_ﬂ % 2~ olct

ol s10lel £ Wrol T, QAN 73]
Aol 250N 671 5O F 2171A17H St

Table 3.7} Z& 22195 Aihe 32tec M2 &fo] o
Ui ole Al B4 Al "Rsiol Belsitt

3. Results of Round 3
3efeEoM = At 119 257t dnto] dFZof o
s Sustict o Auk WoARCV)E 0.5015H=
B QR0 serEle] A7} ket TR gk
= Elt A 3etRE 3 ZuE HiEeR ®a,

ouy =2
AL, Ao] P& § m2asY Ade AN 442
=aioict
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3.1 Typical properties of variable

w5 7o) AEE 44 29 1042 o
AToA 48 2AHE Hr 2 B =S gelvhe Aut
= Table 4.9} 7t}

+

1 o2
o

20

Y Mo
N

=

Table 4. Results of validation about typical

properties of variable concepts
Code Mean | StDev Validity CVR cv

frequency

V1 3.27 .905 8 0.455 0.276
V2 3.55 .688 10 0.818 0.194
V3 3.82 405 11 1 0.106
\Z! 3.64 505 11 1 0.139
V5 3.27 786 9 0.636 0.240
Vé 3.45 .688 10 0.818 0.199
V7 2.91 .831 6 0.091 0.286
V8 2.73 786 6 0.091 0.288
V9 3.18 405 11 1 0.127
V10 2.82 603 8 0.455 0.214
V11 2.91 701 8 0.455 0.241
Ha JigoiA A S8Y HolACV)= 0.106~

0.288 Afo]o] zrog sto|r} obAlE|A| o] 2ojAlL}.

B 7ido] MgA &4 s34 & EfgAS SHsH A

E__l:l“ 67Hi L‘}\E‘}\L)i-q ‘V?): K‘]Ko]'g' _/'}_ 9\)]\%’ ‘V4: O]%‘E‘
(o]

2 Ve A 5L 119 BE 3N US|
(]

R

Sde=g
H]8(CVR) 0.6362.2 E}FAo] &tHgelct o]Ate] 67}
A &4 A7t Ao FHolE Eof EfgAdo] &Ed 7

3.2 Typical properties of operator
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Table 5. Results of validation about typical

properties of operator concepts
Code Mean | StDev Validity CVR cv

frequency

01 3.09 831 8 0.455 0.269
02 3.64 505 11 1 0.139
03 3.64 674 10 0.818 0.185
04 3.45 522 11 1 0.151
05 3.00 775 8 0.455 0.258
06 2.64 .809 5 -0.091 0.307
07 3.18 603 10 0.818 0.190
08 2.55 .688 5 -0.091 0.270
09 3.00 775 8 0.455 0.258
010 2.82 603 8 0.455 0.214
011 3.55 522 11 1 0.147
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3.3 Typical properties of control structure
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Table 6. Results of validation about typical

properties of control structure concepts
Code Mean | StDev Validity CVR cv

frequency

C1 3.55 .688 10 0.818 0.194
Cc2 3.73 467 11 1 0.125
C3 3.00 775 8 0.455 0.258
c4 3.36 .809 9 0.636 0.241
C5 3.27 647 10 0.818 0.198
Cé 3.73 647 10 0.818 0.174
c7 2.73 647 7 0.273 0.237
c8 2.64 505 7 0.273 0.191
c9 2.64 674 6 0.091 0.256
C10 3.45 .688 10 0.818 0.199
C1 2.91 701 8 0.455 0.241
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V. Discussions
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