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Development of Elementary learning materials for
Data error detection and correction
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ABSTRACT

CS Unplugged education at the base of computer science is emphasized as an instrument for teaching the basic
principles of elementary SW education, but these materials for elementary education are very lacking. So We'll
present the data error detection and correction materials for elementary school classes. Based on previous studies
related to this topic, we developed learning materials for elementary higher grade students using Hamming code.
We introduces the card magic in the introduction part. 'error detection and correction’ learning materials based on
the principle of Hamming code, were composed as activity-based education. The results of the questionnaire sur—
vey showed that it had a positive effect on improving learners’ understanding of computer science.

Keywords: elementary computer education, CS Unplugged, data error detection and correction, activity—based
learning, learning materials

WAAA - AFSAF U 25 FE A F)
E=REEI 0 2018-02-08
E=EAAL ¢ 2018-02-09
AAbgkE : 2018-02-21



170 NERSs3|=2X H2H H1s

kOII

A TR APEE BFAS o330 U3
& LA 71 Ao

A%EE Fotol AgdE Ant dolHz Aeda
P me a4 g

ZolglE 7145l 'Zrﬂ‘?:“é‘jr
AR AFEE ] Vldiebs 2 dlolE o] A% e A
% HAA dolEr} £4 L= oyl Are Aol
dojuia o2 Q& Yske dHlolEHE Fuwx Eie
S AE A9 &% wASoH2]9]
AFEASAEL vojH o] A% e HE HHolA
AL dlolg e o] o FE stz A tidt dlo]
g oz A&y 4 st ungdEs Mdsn glon,
ol digk 352 AFE Ands A7 o9

B ATE o ﬂaﬂ +4 e wsAw s
Sl AeE MES 883 AYas 7| HS AREste] 8
HET2 GEFAUSARE T AGu S|4 2§
skt HleTed o

of ATEE] YAHE A WHAR
o 4ET $400 v :
AREAE AE 2t

2. HolH o HE&2 +3

2.1. AFEHIte AESHIE

1
i}

5 g AZ 2 1= (computer science unplugged:
CS Unplugged) %< 25HFEHASS w537 9
d MaE g de zpEelt) [2][4]06]). o] wSAE
+ Tim Bell, Ian H. Written, Mike Fellows[14]7} 7]
gk ApzolH(<Table 1>), 53] =o] T4 52 2%
A Al wlg- Z Ao tH9I[13]. AFEI o] HAE

NN gt AE FHOR Y BEFA o

), A wole Eal BFAsete) 7

=
A (e]AF), dudE, Tzad

<Table 1> The contents of CS Unplugged[14]

Data:therawmaterial — Representinginformation
Count the Dots —Binary Numbers

Colour by Numbers—Image Representation

You Can Say That Again! —Text Compression
CardFlipMagic — ErrorDetection&Correction
Twenty Guesses —Information Theory

Putting ComputerstoWork — Algorithms
Battleships —Searching Algorithms

Lightest and Heaviest —Sorting Algorithms

Beat the Clock —Sorting Networks

The Muddy City —Minimal Spanning Trees

The Orange Game—Routing and Deadlock in Networks
Tablets of Stone—Network Communication Protocols
Telling Computers What ToDo — Representing
Procedures

Treasure Hunt —Finite-State Automata

Marching Orders —Programming Languages

Really hard problems —intractability
Thepoorcartographer — Graphcoloring

Tourist town—Dominating sets

Ice roads —Steiner trees
Sharingsecretsandfighting crime-Cryptography
Sharing secrets —Information hiding protocols

The Peruvian coin flip—Cryptographic protocols
Kid Krypto—Public-key encryption

Thehumanfaceofcomputing-Interacting with

computers

The chocolate factory —Human interface design
Conversations with computers —The Turing test
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Card Flip Magic —Error Detection & Correction
Fr= #AF7] ve-ddq i1 E7 £4)
<Table 1>9] A7 Fd Ft=rlsS o

TR A YR 72 253 a3hd(G~

6)= tidez 1Akl A3 85 ARE et



2.2. I{2|E| H{ES} fYRE

NN AES AT 7= A7 ol A 5x5 A=
leg FAhE o Ee A ge A4
2 @ A94 ARt A=E 7] G
2ol AT FH2 2 A,

=2,
=)
i)
S
\u

Odd Parity Cards

Even Parity Cards

g vEZS ARAD FAHAA oHE HAE)
A3 F71E vERZ 24 A El(odd parity), & =]
El(even parity) 27F4 @EiE ko] XIth
71E9] deolHel 54 7AE 7kxl o
Aol A4 sy HEE AYste] AZE teolEE 1t
FAZAAE o] A gy HESS HAAIA

222 deolHe efE HEsha A

gﬂtﬂ:n:,#

e o o
fr
2
)
o
it
H
(1
N
2
)
t
o
i
QL
£

> ne we

[ S = oof o
LU > . =

=,

.

ﬁ

rlr

o,

rg

ol

ol

&

(n

rir

o

it

jait)

e o

4
o,
i)
—h
m

= WA= ATHI2).

2.3. HiO[E0 Mo ZHAT

AR HolHE Aio 0FE Ut BAAA

Adstes Wgel @ doly o Aol 7|y dFE
1940\t ¥ Ak=(Shannon, Claude Elwood) $1--oflA]
EHHE 2S5 S JAu16]. HlolE o Aol $=3
Artzol oo ARME)E XIAA FEstd S
& dAEste Ao ® o FHXIth

Foste A5E AFE dof DAt dEFH 4
744 A

A, Bl AN AAH] A 25k BAEA
Ge AAY ARE BAAAN AEee A

Cio[Ef of2f #E2 +Joi| tiet =SUSAE W 171

A, A% HAW FHHA G o
AR, A8 AEHA e ol
g, AES W F4S @ A9 A% AnE o

o7& o7t Ak

ol 75 AEsh] g dEe= v 2t dlo
E7F A2 o etection CodeE A= H71H4
Sl H]—E—% @7}/\171_]‘3}. F4l dolg o vES 94

E
& A, F ghe vlasto] dAof

tTJ
U

42 2k QNS ol A 3
g Felsn BUA9 4 oy LRE BHU,
HolE] o] AEel AwHow AHEHE WL o)

2] B EParity Bit), A& S& 7 AHLongitudinal
Redundancy Check), %+ 5+ ZAHCicle Redundancy
Check), 81 #E=(Hamming Code) 71'8°] AtH6].

3. B4 - B&ol MR

AFE S dolHE Yse ARE Fau VEYAE

A ARE HUE APdA dolHe LS 9
a ol 8] H S (error detection)®} ol 2]
tion) HAS G-t}

qelAES dHolHE AGsAY Fauks df, dlo]
7t WA =AY "h”ﬂ EAE gdstE HA o, 9
B dolErt WA EE u 92
HE Hdstes #gow o] g dAessyd 2

3>

st e F5 04502 2 HT<Table

A (error correc-

<Table 3> The flow of contents

Follow—up
learning

Previous

. Learni
learning ng

O Card magic
O Introduction to|=y» O Hamming Code|=»{O Algorithm

Data Errors O Bit boxes and O The others
bit cards
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<Table 4> Summary of Survey

Category Contents
Objects elementary students
Grade 5~6
class: 20

No. of sample event: about 200

Quota Sampling
2017.8~12

sampling technique
sampling period

BAGOR S SRl AW ST 2TEY
99wk AL HgoR W

= 9 £40] BE7Fsol S
F24 A3H= <Table 559

zAEgon, 2 AE BY
ek AAE = 24 ket AER 9} S BELS A
B el=s

<Table 5> The Results of Survey
Question—naire Pre- Post Change rate

Experiment N(%)"

I became interested in unplugged educational activities.
15(75%) 18(90%) +15%

Error Detection and Correction The contents of the activity
are well understood.
11(55%) 16(80%) +25%

The concept of parity bits can be described.
15(75%) 16(80%) +5%

I could see how the parity bit works on a real computer.
4(20%) 12(60%) +40%

(* N:Affirmative Size, %: Affirmative Rate)
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