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The purposes of this study are as follows: (1) to study the conceptual
knowledge of Mathayomsuksa Five students on 3D vectors after being taught
with GeoGebra program; and (2) to study the procedural knowledge of Mathayomsuksa
Five students on 3D vectors after being taught with GeoGebra program. The
participants were 34 Mathayomsuksa Five students at Horwang School in Bangkok,
Thailand, in the second semester of 2021 academic year. The instruments used in this
study were as follows: (1) 12 lesson plans that allowed students to learn the topic with
GeoGebra program; and (2) a conceptual knowledge and procedural knowledge test on
the topic of 3D vectors. The students were said to have conceptual knowledge and
procedural knowledge if they scored 60% or more on the test. The collected data were
analyzed using basic statistics and a Binomial Test. The research findings revealed the
following: (1) after being taught using GeoGebra, no more than 60% of the participants
had conceptual knowledge on 3D vectors; and (2) after being taught using GeoGebra,
over 60% of the participants had procedural knowledge on 3D vectors with a 0.05 level

of significance.
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f?ilqsl,miLL@zﬁﬂﬂﬂixqﬂmﬂ%@ﬂmumnumﬂ ANINAIAFNART wiaanidy 2 szian
Aa AN ETIN WA (Conceptual Knowledge) warAIINFIEaNsz1Ua1Ne (Procedural
Knowledge) TaaTiAunig AN WWININNITWEULN Lasn13daNaLaslse luNg
mwiﬂmmﬁmmmfﬁqﬁ

1.1 ANNUNEUBIANHNS BN TUTAULA AN BINTZLIUNITIN
ANAANRAS

1.1.1 ANNNNNEURIANNLTINTU AN AR AR
TRLAa-aaudy uaz adund (Rittle-Johnson & Alibali Martha, 1999,
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19 waz Tas (Bing & Huy, 2016, p. 63) a2y AN FidanTuiald
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g11917a way AlaLaLaT (Haapasalo & Kadijevich, 2000, p. 141) kWa e
BUNT ALY (2547, 1. 49) NAIII mmiﬁwiuﬁﬁﬁLﬁummi’u@:mmﬁﬂmmﬁﬁ
dsz@nsnmlunindentesesdilaznausesuiuiining | AN nouel Tuneuazay yIGH
uuaAadilgannnisufitrymenaildguluimbieng v 4 mspdinaans
BUNT T1AUBY (2558, 1. 3) NA1I91 mmiﬁmhﬁﬁﬂLﬁummi’ﬁﬁmﬁm
ﬁumﬂwmﬂLL@:‘E@N@%‘"\W@Qmﬁmmmmﬁmi@mqummi’ﬁiﬂﬂﬁ
- mmg”lﬁmﬁ“uwiuﬁﬂﬁ(Conoept) N =] (Theory) NYUTANANNIY
ATIAANARS (Principle) NNATUAAART
~parufifeay mfﬁlmu?aﬁmmm%umu/?;%mi ( Algorithm)
NNANAAIERNT
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4. ANHULLANBNIE (Dominance of the attributes) LiluansaeAN1 1%
aNsnulue N IANTININENTU Aoty AMALNALAY ANANATUANHIIZIANIZAS
al a dl
ALASTTATN 1
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~ o o & o | , % PRy
Nagldlunisauunilszinnaasiuiemd dostadu ynauainsadlulansaunimenauay
o o o o = v Py ~ = o A
g uanfaniu Annnae azilaat1elsdndesiinuimeuanszaulaninasne
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wlwimindaanuunnsauazlfutuanulwiniaenainuluirmday o) uazguAI1e9
ANwoue (Attribute values) WuszatguA RN s aTuLlas Idlunisauunilsyinnaes

P
1.2.2 ansazfiluatAlsznaurasanufifanszusunmsmendnmans
n3uafu uay a1 (Grinstein & Lipsey, 2001, 23, 6190 <lu qimmn
Gm'ﬁ?mwﬁ, 2552, 1. 17) NA1991 ANHRULABINIZUIUNTINNAIAAIRATH 2 ANHUY AD
1. NTZUIUNITNNAUAAIGATNN ANz uau (Finite description)
=< a o = i’/ dld o o a (%
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(Nondeterministic) TuReUNNATIAMAATILLEA TRz Aswisaanduneild

v % 2 o Y a o= :j/ ?/ nﬂld o
AMNUANELE pﬂmwmﬂmmmzmuﬂwmqﬂmmﬂmmummumummﬂwmz

q

111AY ABNAIALNITAANANL A THATNNT0IN NI LARLLE LAZNILLNUNNINNATIAANEAT

[ %

Andnwoueliwiuen funeunnsAailinas arunsanesilaswiseandunesld
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aatd wazAUEY 7| (Joyce et al., 2003, pp. 161-178) lAnaadagtuuunis
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3. n194152anauN198aU (Exploring before Instruction)
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HANNINANTUN TR T Y
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AUN 1 ALN 2 ALN 3
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2 +1 +1 +1 3 1.00 T 1y
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8 +1 +1 +1 3 1.00 1oy
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A1T19 9 ATANNENNNIE () ANBIUIARNLUN (1) WAZAIANNITNULRSLLILNAZELIA

ANTEIN I ALATANETINITLUNTG (399 nnasuauis

a7 ANANENNGE (p) ANBNUIRRLUN (1)
doaaudnmuiidaniwimiuuuienney 4 Folaen
2 0.43 0.48
3 0.73 0.62
6 0.81 0.00
8 0.31 0.52
9 0.19 0.32
12 0.24 0.00
14 0.25 0.36
15 0.79 0.52
16 0.90 0.00
17 0.33 0.57
doaaudnANZITINITLIUNNTULLIAENASY 4 FaiAan
1 0.00 0.00
4 0.69 0.52
5 0.81 0.00
7 0.24 0.63
10 0.47 0.57
11 0.31 0.62
13 0.40 0.27
18 0.41 0.43
HaouinAN TN TAITLULLRN A
19 0.97 0.00
20 0.53 0.29
21 0.13 0.29
22 0.33 0.57




A1919 9 (siD)

o ANAYNENNGE (p) ANBNUIRRLUN (1)
23 0.47 0.73
24 0.07 0.14
25 0.33 0.57
26 0.67 0.71
27 0.20 0.43
28 0.13 0.29
29 0.40 0.57
30 0.27 0.29
31 0.67 0.29
32 0.23 0.20
fagoudnnaniTen uiriiuuamnide
33 0.20 0.43
34 0.21 0.45
35 0.16 0.33
36 0.29 0.62
37 0.23 0.50
38 0.47 017
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o
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0.745

ANANNITENULILLLN ARRLTAAYN ST I ALAT AN TIEINTTLUNIS (309
aa ! Q; ¥ @ o o o Yo v a as
wnmasluanili ludiuniduteseuiuudnidadnivlddnnauzidanszuiunng neRanis

PAdulsanuaann (0-Coefficient) 199A78U1TA (Cronbach) RAWWINGL 0.834
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