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ABSTRACT

The purposes of this quasi-experimental research were 1) to develop and find efficiency of
web-based instruction entitled “Data Structure and Algorithm” through augmented reality
technology 2) to compare learning achievements before and after using the developed web-based
instruction and 3) to study students’ satisfaction of learning through the developed web-based
instruction. The sample group included 40 second year undergraduate students from a section in
academic year 2014 obtained using cluster random sampling. The research instruments involved
1) web-based instruction 2) learning achievement test and 3) a set of questionnaire on students’
satisfaction of learning through the developed web-based instruction. Data were statistically
analyzed by mean, standard deviation, and t-test.

The findings revealed the following.

1. The efficiency of web-based instruction entitled “Data Structure and Algorithm” through
augmented reality technology measured 81.80/81.00, which was higher than the assigned criteria
80/80.

2. The students’ learning achievements after using the developed web-based instruction
was higher than those before the experiment at significance level .05.

3. The students’ satisfaction of learning through the developed web-based instruction was
generally found at the highest level.

Keywords: Web-based Instruction, Data Structure and Algorithm, augmented reality

technology
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A15199 7 HaMIATIVABUANMNINTATIHEM AL ITMIMMArHANNTIANEBI (I0C)
nuuNageUIANATNgNEMINs3eu veuIutigaen 1509 Inssadedeyanaz

(Y] a KR Y = v (%] A a
danosnu laglfimalulagmsadamwingaiionsss

4 Aoy
Vo 5 5 5 33 10C agl
AMA 1 AMA 2 AuR 3
1 +1 +1 +1 3 1 AOANADY
2 +1 +1 +1 3 1 A0AARDY
3 +1 +1 0 2 0.7 A0ANADY
4 +1 +1 +1 3 1 A0ANADY
5 +1 +1 0 2 0.7 A0ANADY
6 +1 +1 +1 3 1 AOANADY
7 +1 +1 +1 3 1 A0ANADY
8 0 +1 +1 2 0.7 A0ANADY
9 0 0 0 0 0 liieandeq
10 +1 +1 +1 3 1 A0ANADY
11 +1 +1 +1 3 1 AOANADY
12 +1 +1 +1 3 1 AOANADY
13 +1 0 +1 2 0.7 AOANADY
14 +1 +1 +1 3 1 A0ANADY
15 +1 +1 +1 3 1 A0ANADY
16 +1 +1 +1 3 1 AOANADY
17 0 +1 +1 2 0.7 AOANADY
18 +1 +1 +1 3 0.7 AOANADY
19 +1 +1 +1 3 1 A0ANADY
20 +1 +1 +1 3 1 A0ANADY
21 +1 0 +1 2 0.7 AOANADY
22 +1 +1 +1 3 1 AOANADY
23 +1 +1 +1 3 1 AOANADY
24 +1 +1 +1 3 1 A0ANADY

25 +1 +1 +1 3 1 A9ANADY
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Y A fidemey
Vo ; 5 ; 53 10C agl
AMA 1 AMA 2 AuA 3

26 +1 +1 +1 3 1 A0AAADY
27 +1 +1 0 3 1 A0ANADY
28 +1 +1 +1 3 1 A0ANADY
29 +1 +1 +1 2 0.7 AOANADY
30 +1 +1 +1 3 1 AOANADY
31 +1 0 +1 3 1 A0ANADY
32 +1 +1 +1 3 1 A0ANADY
33 0 +1 +1 2 0.7 A0ANADY
34 +1 +1 +1 3 1 AOANADY
35 +1 +1 +1 2 0.7 A0ANADY
36 +1 0 0 3 1 liiwoandes
37 +1 +1 +1 3 1 A0ANADY
38 +1 +1 +1 1 0.3 A0ANADY
39 +1 +1 +1 3 1 AOANADY
40 0 +1 +1 3 1 AOANADY
41 +1 +1 +1 3 1 AOANADY
42 +1 +1 +1 2 0.7 AOANADY
43 +1 +1 +1 3 1 A0ANADY
44 0 +1 +1 3 1 AOANADY
45 +1 +1 +1 3 1 AOANADY
46 +1 +1 +1 2 0.7 AOANADY
47 +1 +1 +1 3 1 A0ANADY
48 0 +1 0 3 1 liiaenndas
49 +1 0 +1 3 1 A0ANADY
50 +1 +1 +1 1 0.3 AOANADY
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. i3y
Vol ; — — 53 10C agil
AN 1 Aun AU 3

51 +1 0 +1 2 0.7 A0ANADY
52 +1 +1 +1 3 1 A0ANADY
53 +1 +1 0 2 0.7 AOANADY
54 +1 +1 +1 3 0.8 A0ANADY
55 +1 +1 +1 3 1 A0ANADY
56 +1 +1 0 2 0.7 A0ANADY
57 +1 +1 +1 3 1 A0ANADY
58 +1 +1 +1 3 1 AOANADY
59 +1 0 +1 2 0.7 A0ANADY
60 0 0 0 0 0 liieandeq
61 +1 0 +1 2 0.7 AOANADY
62 +1 +1 +1 3 1 A0ANADY
63 0 +1 +1 2 0.7 AOANADY
64 +1 +1 +1 3 1 A0ANADY
65 +1 +1 +1 3 1 A0ANADY
66 +1 0 +1 2 0.7 AOANADY
67 +1 0 +1 2 0.7 A0ANADY
68 +1 +1 +1 3 1 A0ANADY
69 0 +1 +1 2 0.7 A0ANADY
70 +1 0 +1 2 0.7 A0ANADY
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M3197 8 MANNENNNEY (p) MBIVTIMUA (R) UazAInNeH (KR-20) UUNATDL
U (Y Qd = < \ d' Y % %] a
Fanadugnimansisey veuuyigaey 1599 Inssadateyanazdanainiu

Taglfimalulaimsadumwingraiionsss

' QRGRITL) , QRGRITAL)
AN ) , AR )
) , uun  Aanuvng U , wun  anuvng
#1n98 (p) 81N (p)
(R) (R)

1 0.83 0.10 19118 25 0.67 0.20 1418
2 0.77 0.10 198 26 0.70 0.30 1418
3 0.63 0.50 9la 27 0.77 0.10 1EAHED
4 0.67 0.40 1918 28 0.73 0.40 1418
5 0.73 0.40 918 29 0.77 0.50 A
6 0.67 0.40 1408 30 0.57 0.30 1918
7 0.90 0.10 T9hild 31 0.77 0.30 A
8 0.77 0.30 9la 32 0.80 0.00 1EAED
9 0.77 0.50 1416 33 0.63 0.10 143018
10 0.70 0.50 1416 34 0.73 0.40 1918
11 0.87 0.00 Thila 35 0.73 0.40 1918
12 0.60 0.80 1416 36 0.73 0.20 1918
13 0.67 0.40 1416 37 0.80 0.40 1918
14 0.63 0.30 1416 38 0.70 0.50 1918
15 0.77 0.10 Tohila 39 0.83 0.30 GA R
16 0.63 0.30 1416 40 0.67 0.60 1918
17 0.83 0.10 Tohila 41 0.83 0.30 GA R
18 0.80 0.40 EAE] 42 0.80 0.00 14131l
19 0.63 0.30 191 43 0.67 0.20 91
20 0.70 0.30 191 44 0.80 0.20 91
21 0.63 0.30 EAE] 45 0.73 0.20 91
22 0.60 0.00 1o lila 46 0.67 0.40 91
23 0.77 0.30 191 47 0.57 0.30 91

24 0.67 0.20 1418 48 0.77 0.30 1518
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4
M1519N 8 (M19)

, QRCAITRD) , AU
,  manuenn ,  manwenn
Yo , wun  anuving Ve ' WuUN  ANNKINY
e (p) e (p)
(R) R)
49 0.90 -0.10 191518 60 0.60 0.40 1518
50 0.77 0.30 1918 61 0.87 0.20 19030160
51 0.67 0.40 14160 62 0.77 0.10 14000160
52 0.70 0.30 14160 63 0.77 0.10 19000160
53 0.70 0.30 1416 64 0.67 0.20 1516
54 0.90 0.10 15008 65 0.73 0.40 1516
55 0.80 0.20 1416 66 0.80 0.40 1516
56 0.67 0.40 1416 67 0.67 0.40 1516
57 0.70 0.30 1416 68 0.63 0.10 19000160
58 0.60 0.20 1416 69 0.87 0.20 19000160
59 0.60 0.60 1416 70 0.67 0.60 1516

AT (KR-20 = 0.75)
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3197 9 AZUUUMINATIVITHNIFBULAZAZUUUNITNATOUHAUT8Y NNIVT BT U

d' v Y U a K VY = v (Y] =) a
(se4lnssad1steyanazdanasiin laalymalulagmsa31amningailonass

HARED
AZUUUIZHIGISEY AZIUY
vl uniie UNA7 UM UMRio uMAi10 swmzmuu  waeSeu
(10 (10) (10) (10 (10 (50) (50)
1 8 7 8 7 7 37 36
2 8 8 7 7 7 37 37
3 8 7 8 8 7 38 38
D> X 24 22 23 22 21 112 111
% 800 733 767 733 7.0 37.33 37.00
$ouaz 80.00 7333 7667 7333  70.00 373.33 370.00
Useansom E,=74.67 E,=74.00
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3197 10 AZUUUMINATIVITHNIFBUIAZAZUUUMINATOUHAIT8Y NIV BT

d' v Y U a K VY = v (Y] =) a
(se4lnssad1steyanazdanasiin laalymalulagmsa31amningailonass

BUUNGNEDY
ﬂggmuszﬁinﬁ'ﬂu ASUHY
ﬂu‘ﬁ ‘]J‘Vl‘ﬁ 6 ‘]J‘Vl‘ﬁ 7 TJTI‘?; 8 TJTI'i:’% 9 ‘U‘Wﬁ 10 FUASUUU 1’15@!%2]1—!
1) @y ao ao (10) (50) (50)
1 8 8 9 8 8 41 38
2 8 8 7 8 8 39 39
3 8 8 7 8 7 38 39
4 8 8 8 7 8 39 39
5 8 8 8 7 7 38 38
6 8 9 8 8 7 40 39
7 8 8 8 7 8 39 39
8 8 7 7 8 7 37 38
9 7 8 8 8 8 39 39
D X 71 72 70 69 68 350 348
% 789 800 778 767 756 38.89 38.67
Sovaz 78.89  80.00 7778 76.67  75.56 388.89 386.67
Useansomm E,= 7778 E,= 7733
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(10) (10) (10) (10) (10) (50) (50)
1 10 10 9 9 9 47 48
2 10 9 10 9 9 47 47
3 9 10 9 9 9 46 47
4 9 9 9 9 8 44 47
5 9 9 9 9 8 44 47
6 9 9 8 8 8 42 47
7 9 9 9 9 8 44 47
8 9 9 9 8 8 43 46
9 9 9 8 8 9 43 45
10 9 9 9 8 8 43 46
11 9 8 8 8 9 42 47
12 9 9 9 8 8 43 44
13 9 8 8 7 8 40 45
14 9 9 9 8 8 43 45
15 8 7 8 8 8 39 43
16 8 8 7 9 8 40 44
17 9 9 9 8 9 44 45
18 8 8 8 8 9 41 44
19 9 9 8 8 8 42 43
20 8 8 9 8 8 41 42
21 9 8 8 8 8 41 41
22 8 8 8 7 8 39 38
23 8 7 7 8 8 38 37
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(10) (10) (10 (10) (10 (50) (50)
24 9 8 8 8 8 41 37
25 8 8 7 7 8 38 37
26 7 8 7 8 8 38 37
27 8 7 8 8 7 38 36
28 7 8 8 8 8 39 35
29 9 8 8 8 8 41 33
30 8 8 7 8 7 38 36
31 8 9 8 8 7 40 34
32 8 7 8 7 8 38 34
33 8 8 8 8 7 39 32
34 8 8 8 7 8 39 34
35 8 7 8 7 7 37 35
36 8 8 7 8 7 38 34
37 8 7 8 8 8 39 36
38 8 8 8 8 7 39 34
39 8 8 7 8 7 38 35
40 8 8 8 8 8 40 36
DX 339 331 326 321 319 1636 1620

< 848 828 815 8.3 7.98 40.90 40.50

$ouaz 8475 8275 81.50 8025  79.75 409.00 405.00

Useansomm E,= 81.80 E,= 81.00
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4 18 47 24 17 37
5 16 47 25 15 37
6 21 47 26 16 37
7 18 47 27 13 36
8 22 46 28 12 35
9 14 45 29 18 33
10 19 46 30 19 36
11 21 47 31 21 34
12 20 44 32 15 34
13 15 45 33 13 32
14 19 45 34 14 34
15 15 43 35 16 35
16 17 44 36 17 34
17 18 45 37 19 36
18 16 44 38 17 34
19 13 43 39 1 35
20 19 42 40 18 36
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5. nA TraaMN Maker o 19 1umsa03nUNADI Webcam

l Taseasresadlai

®

9% NTANUIN - PE XK ® S

AANSANINLR
@) Tvan ami Maker = P& X =

D

9% NSEAULEIUN

\{5 wyuVaIay

~ Y a d
MNN 20 ﬁu1ﬂ®ﬂl®ﬂﬁﬂﬂiﬂﬁﬂﬂ1w Marker

2 4
6. 1B IULINN 5

unii 5
Tasvasvdayanuuauli (Tree)

Tasvaswuuuau'li dasuandsaiuaian wivaaniilu 2 Aiia da
1.t : Anwimmanindudanadudug (fs:dudu) Tessaieiagabimed awnseunayashaenldeaaanm favumsafesays vinuuasine fommen sirfuliuim

2. Wi (Binary Tree) : wflawmdusd yaalsill empty Twuodl i 2 Twus

Tree WuTassainouuy non-inear AaiiTasoaiion
Tinaifias
Treewinofiovisausm nuaaien saslinoiandiu
recursive

node

1
/ “edge / link
2 3

finumas Tree dstnavdiy
node #a asndindno 3aewd 12w 1,2,3,...n
root &2 node fats sl sl Stanen v 1,2,3,4,69,15
sub tree &a Twuadoqtuviidsnaumudunidas
empty tree A2 tree MowlaliifiTuualu tree

degree fa TnnuTuwuaanuasTuuatiuqiu Twua 1 4 degree = 3, Twua 2 fl degree = 3
level dnmnmanviuassdhaiardunasTuumiug Taomwual level mas root node fisuviafy 0 vy Twuaslagu level 1 1dun Twun 2,3, 4
height / depth (R1maewiarrmidnuas tree) A leveliiuaroaauas tree Tauludou edge fiay tree auds leaf node MaRviIL 1 3 nnm tree fiarmanfoms = 3

parent node fa Tnuadifituuaan
child node @2 Twuavisiiuuaria leaf node / terminal node 1lu Tuuaiiiien @n% = O(Twusamnui i iwusaneaviudn)non leaf node / non terminal nodedfa TwumisiaAng > 0 (wunlaq Vifitwssansavitodn)

sibling node / brother node #a TwuaffiTnuaviaufmMiziu Twua 2,3,4 Ju sibling node ¥asTwua 1

a8 N oA
MNAN 21 UNIYUN S
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7. naggilaregramsneslunsuuuwiosiwes ivelandouiuuny

silénasivnisviavlunduuuwiaasiaas

waans Aa A, B, F,C, D, E

1. vadldlu R = Adsssnana A
2. viadlWlu TLuas A=B

2.1 dszanana B

22 TLwasB=F

2.2.1 dszanana F

2.2.2 TLwas F = NULL

2.2.3 TR a9 F = NULL

2.3TR uas B = NULL
3.vasldlu TRuas A=C

3.1 dszanana C

32TLawas C=D

3.2.1 dszanana D

3.2.2 TL was D = NULL

3.2.3 TR 2@y D = NULL

33TRuwas C =

3.3.1 dssanana E

3.3.2 TL was E = NULL

3.3.3 TR uas E = NULL

2. In-order Traversal
lunsviaaiin il treeTaaidaann left sub tree Aau uaal1lds root uaylalda right sub tree (T R TR)
36ns
1. @tfiuansii left sub tree 2a9 R da T fau
2. éiiunnsi root (R)
3. @iiunnsii right sub tree zas R da TR (Hudduaavina

siléativnisviaviunduuuduaasieas

waawsaa 1,2, 3,4,6,8

q' a d d' o b4 <
MNN 22 ﬁ\‘iﬂ!Wi’)!ﬂﬂﬂﬁi’NnUl!ﬂN

8. Na1jy Allow 1WoITANdod Webcam

Adobe Flash Player Settings

Camera and Microphone Access @

ost is requesting access to your
camcra and microphone. If you click Allow
you may be recorded.

O Alow_|[@ ey

NN 23 gﬂgﬁaﬁJﬂné’m Webcam
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9. 115U dyanu el Maker @990 UNADI Webcam 52 UUAzINTUszunananaziinisaiag
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NIDDIIADTI

d' = = d ¢ A o ' (Y] Y
NINN 24 gﬂﬂi!!ﬂUWi’(’]i’Jilﬂ’(’]i 19U Marker 4a99nUNAdI Webcam

o v J ) a 4 4
10. g‘ﬂﬁ’JE)EJ'Nﬂﬁ‘VIﬂﬂiuﬂillﬂﬂﬁluﬁlﬁlilﬂﬂi

a G a d ¢ A o v [y 1%
NINN 25 Eﬂﬂﬁllﬂﬂﬂuﬂﬂﬁlﬂﬂi U Marker 4a93nUNAdI Webcam
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%zﬂimgﬂmuuimmumﬁ@uuu

widanan

g-Learning

14:37

» afal

e-Leaming >

{ wamay | adate | uily

/ML Luune#EUVNUUN 5

Gulwi |

wih: 123456789 10 (daly)

1w Tasossotayaladnagludsunmdndy duli (Tree)
avuuu: --/1
\dandnaufiny 1. sl
2./
3. suan
4, fvAdse
doniafl |

| inTalidodeay || anfomi | dvdsausiiduasninimuuvadau

wih: 123456789 10 (dal)

NN 26 AvLNIMVUNATRUTaISeUuIAazUN

12. Uniseuin 6

UNI32U e-Learning

_un'\ﬂ unastaua

eleaming » > Tasoafeayasuuni (Graph)

uni 6
Tasvasvaayanuuns W (Graph)

- aswldluTassasotayassaan Non-linear
- Mltuanon 1 madifugssn 11 object TanysznaudundimasTuua (vertex) vitzunu object uasnasuasiduian(edge) swinoTuua

- nsdivertex doud 2 vertex fulyilarmadnmiusu dasdledge ifaustwang vertex

vertex / node

nniiiviowsia 3 dsziaveufiu

1.Direct Graph (Digraph)
2.Undirected Graph
3.Cydlic Graph

Direct Graph Or Digraph
umsiilidudanswnetuua dhwlamadn Tasdwwarfluasniamoesasmndansadin i

a8 a oA
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13. UNLIUN 7

UNI38Y e-Learning

e-Learning nmesindu (Sorting)

unii 7
As3avaneau (Sorting)

ANMuaAaINsBuaIduTaya
Ml duiasanuLEI

1. nmiduedrdunuuuwsn (Insertion Sort)

2. nwdmoddunumian (Selection Sort)

3. nwdnedduuyunanildou (Exchange Sort)

4. nwdnoddusuudug

5. nndmedduuuunisuan (Extemal Sort)
amsifsuisunnissdrdunyyeic

Us“luminasnsEosaduiaya
1. tutumsIamnawi (Classity)
2. thulumsrum oA (Searching )
3. thubinihMatching wiv Yulsoudwuilssiandawidotiu
MSTue@dy a1uela 2 dsann da
Msidoedayanio huniiganui (Intemal Sorting)

= N A
MNAN 28 UNLIYUN 7

a A
14, UNLTYUN 8

Faiasvasviayanardana’iu B |« e >

UNI32Y e-Learning

i e

-
uUnn 8
. o
A1SAUKNAABYA (Searching)

lawiudn

1. msdwwaya

2. msiwnuuudseindy (Sequential search)
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Development of Web Based Instruction “The Data Structures and Algorithms”

By Augmented Reality
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Abstract

Thepurposesofthisresearch were1) to development and efficiency of Web Based Instruction
The Data Structures and Algorithms by Augmented Reality 2) to compare the effectiveness between
before and after studyingbyWeb based Instruction The Data Structures and Algorithms by
Augmented Reality and 3) to study the students satisfaction of Web based Instruction The Data
Structures and Algorithms by Augmented Reality. The samplewas 40 student in the 2nd year of 2014
academic year, selected by cluster sampling 1) Web Based Instruction 2) learning effectiveness test
before and after course 3) questionnaire for satisfaction evaluation. Data was statistically analyzed in

mean, standard deviation, t-test.
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The results of the research were 1) The efficiency of the developed of Web based Instruction The
Data Structures and Algorithms by Augmented Reality was81.80/81.00 higher than the requirement
level of 80/80. 2)Thestudents'achievementafterusingWebbasedIinstructionThe Data Structures and
Algorithms by Augmented Realitywas significantly higher at .05 level. 3) The satisfactiontowardsthe
Web based Instruction The Data Structures and Algorithms by Augmented Reality was found at the

highest level.

Keywords : Web Based Instruction, Satisfaction, Augmented Reality, efficiency, effectiveness
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