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Abstract

The purposes of this study were to; 1) compare the brainwave patterns of students
while performing arithmetic tasks for measuring three cognitive processes (remembering,
understanding, and applying), categorized by gender and students’ ability, and 2) to investigate
an interaction effect between gender and students’ ability on brainwave patterns of students
while performing aforementioned tasks. The sample group consisted 40 grade-seven students
of Preechanusas School in Chonburi (students took a mathematics subject at 6" grade) who
volunteered to participate in the study. The participants were divided into two groups; high
and low ability. The research instruments were; 1) a general information questionnaire (gender,
health condition, and ability to see), 2) Oldfield’s evaluation form in evaluating the right-hand
limit, 3) the arithmetic test for measuring the 3 cognitive processes, 4) the arithmetic testing
task for measuring the 3 cognitive processes via computer with Stim 2 program, 5) SynAmps RT,
and 64-channel Quik-Cap, and 6) a computer with Intel core i5-2400 (3.1 GHz) and Microsoft
Windows XP Professional operating system. Data were analyzed using descriptive statistics
and two-way multivariate analysis of variance (Two-Way MANOVA). The results showed that
amplitude and latency of P300 of the participants, classified by ability and gender of the
participants, while performing arithmetic tasks for measuring the 3cognitive processes, were
significantly difference at the .05 level at the electrode sites of FT8 F2 F6 FC3 FC1 FCZ FC2
FC4 CP2 CP4 CP6 C5 C3 C1 CZC2 C6 TPT TP8 TT7 T8 CP6 P5 P3 P1 PZ P2 P4 P6 P8 POT PO5
PO3 POZ PO4 PO6 PO8 OZ and O2. When focusing on the participants’ ability, it was found
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that for remembering-based arithmetic task, the students with high ability had higher P300
amplitude than students with low ability. However, at some electrode sites, the students with
low ability had higher P300 amplitude than the students with high ability for remembering-
and understanding-based tasks. Furthermore, for applying-based arithmetic task, the students
with high ability had longer P300 latency than students with low ability. When focusing on
the participants’ gender, it was found that for remembering and applying-based arithmetic
task, female students had higher and longer P300 amplitude and latency than male students.
However, at some electrode sites, the male students had higher P300 amplitude than the
female students for understanding-based tasks. In addition, female students had longer
P300 latency than male students for all arithmetic tasks. Furthermore, a two-way MANOVA
demonstrated the significant interaction effect between gender and students’ ability on P300
amplitude and latency for remembering and understanding-arithmetic tasks at p<.05 at FC4,
FCe6, F2, F6, C3, C1, C4, C6, P1, and P7 electrode sites.

Keywords: gender, students’ ability, event-related potentials, arithmetic testing task
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& Tipps, 1994, p. 135; National Council of Teachers of Mathematics Commission on Standards
for School Mathematics, 1989, p. 5)
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NszUIUNITAR (Donchin & Coles, 1988, pp. 357-374; Johnson, 1986, pp. 367-384)
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qq“ﬁu (Isuchi & Hashimoto, 2000, pp. 204-213; Johnson-Laird, 1994, pp. 189-209)
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nsUsEnanaLiiuty (Houlihan, Stelmack, & Campbell, 1998, pp. 9-25) 2nnsANUARLLATT
Useanana (NFeUIunsAnmLINY) 1Nniy Fuuszend euniavesadu P300 vesinEuuanseiu
$11u 1 998idnInsn lun TP8 eenslitoddnymadaiszdu .05 Usngd nguidsdimunhevesedu
P300 snnninnguseu tesmnanuninsvesadu P300 fmswasuudadiluinuaussvasdiu
Tnslanzuinafiuiiaueanduntn auneendy P300 arduatuaruinnaueandudng dua
pnnuni1avenay P300 9zemaiu (Mertens & Polich, 1997, pp. 488-497; Polich et al, 1997,
pp. 275-282)

uanNiNaNTITe iU dundwwesanesiiigitestunisnaaeuduiavadie
FafAnszuun1Indyayisiud sudile wezdiuuszend 91uau 10 9ddninse laun F6 FCZ
FC2 FC4 CZ C2 P5 PZ P8 uay TP8 dsgadianlnsmeglutinaanesiiiisadasiunisdudsing
dansyiuluaufagaiiimugueseduduuingganislunseunan msnszaneues P300 vunisdsuy
fifimsiasuLUasnmgaveseauuy Midine Electrodes TuuFnmauesndunth uazaussnauing
HAeTpeaTUNSUTEIANANIA LA VAR (Dehaene, Molko, Cohen, & Wilson, 2004, pp.
218-224; Pauli, Lutzenberger, Birbaumer, Rickard, & Bourne Jr, 1996, pp. 522-529; Zamarian,
Ischebeck, & Delazer, 2009, pp. 909-925) IngnszUIUN1TAN 9 xANUENRUSAUATZUIUNITAN
Funaluuinuaueniuing waganesdruntindumh Jadugailifeadesiunmsusngdnsssu
woslandigm (Kong, Wang, Shang, Xiuzhen Yang, & Zhuang, 1999, pp. 169-172)

2. vugRnsTILUUIRARUSUaTAain Sadiinszuaunismalyan e 3§ Lileseine
vostnFeunfimaunnaiy suuuueduliihauesvosinGeuazunneiu Ssunnuunnsmdludiy

dl v A ! U ! A v o w Qad' U ! a a
VBIAIUENVDIAAU P300 U2IUNLIYULANANNY BYNNNUEENAYNNEDANTEAU 0.05 Ui’]ﬂQ’J’] bINFIVAEUN
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AAIGIBINAY P300 gandniwane Fudn S1uu 10 9ndidnna léun F2 F6 FC1 FCZ FC2 FCa C3
C1 CZ waz C2 drudila S1udu 14 9ediéninsn leiwn FC3 FC1 FCZ FC2 FC4 T7 C5 C3 C1 CZ C2 P6
P8 uay PO3 way duvszend S1uau 5 9edidnlnse léun FCZ FC2 C1 C2 wag TP7 Fsaenndoariy
NAUITBUBI Benbow and Stanley (1980, pp. 1262-1264) WU LNAISHANNEILIONAAFANERNS
qmd’lLWﬁw@d wag Guiso, Monte, Sapienza, and Zingales (2008, pp. 1164-1165) WU LWAwe
fzuuUANNAER TN NANEN FronvdmaliimuuansananadinaderLEsaTNIAinAERS
1By (Hedges & Nowell, 1995, pp. 41-45) wTlu19gABENINIANUT mewﬁmmqwam?{u
P300 gandnsnameds sugn 9uau 9 9ndianivsn 1aun TP8 P3 P1 P6 P8 PO5 PO3 PO6 uaz POS
fudnla $1uau 3 diininen loun P6 P8 way PO3 aanndasiunan1sideves Vaquero, Cardoso,
Vazque, and Gomez (2004, pp. 541-557) finui mewﬁmmqwamﬁu P300 gandinemidjsbusinu
nsUszuarRamuUNn (Visual Processing) fidudad nedumauanenuldladdifduiug (Spatial
Attention) FailVimaeinnugewesndu P300 gend

dhuaunauesadu P300 vestinFouuansnaiy sensiiadAnmsadanisysiu 0.05 Usingh
wandadiannuniavesnau P300 wnndunary §1usa S1uau 6 edidninge liun FT8 C6
T8 CP6 P6 waz PO6 sudnla $1uau 4 9ndidnlnsn laun T8 CP4 CP6 waw P6 uay fulszens
$1uru 21 9e8iEnInsn ldun FT8 T7 C6 T8 CP2 CP4 CP6 TP8 P1 PZ P2 P4 P6 PO7 PO3 POZ PO4
PO6 PO8 OZ uaz 02 Tnamuninswesnau P300 Wusd Safiuandliifiumuduiusserinenanuda
YoM sUsTInaNakazan Uy Lﬁammﬂf’i'msuENﬂ?ﬂluﬁé’juaaﬁm’mé’mﬁuﬁ‘ﬁ’ummmmsamqﬂzgzm in
(Emmerson, Dustman, Shearer, & Turner, 1989, pp. 151-159; Pelosi, Holly, Slade, Hayward,
Barrett, & Blumhardt, 1992, pp. 515-520) Faaonndeatiue3dees Houlihan, Stelmack, and
Campbell (1998, pp. 9-25) finuin wewefiauaunsanseadinenansaniimands vlddiuin
1ANLANANTRINTZUIUNINT QT nnanATIsLaztnaRgs (Weisberg & Reeves, 2013)

UenNANaM 1 SRliiuiumisesduesiifotesiunsngeusuaadn ol
nszuaunseslgadiudn dudila wazduuszend S1uau 37 gedianinge laun F2 F6 FC3
FC1 FCZ FC2 FC4A FT8 T7 T8 C5 C3 C1 CZ C2 C6 TPT TP8 CP2 CP4 CP6 P3 P1 PZ P2 P4 P6
P8 PO7 PO5 PO3 POZ PO4 PO6 PO8 OZ uaz 02 Jsqndidnnsnogluuinaauesiiaenndeaiu
91348904 Davis et al. (2009, pp. 1187-1197) fild@nwanuduiusvossadussanvos
ANUENINTLUNSAWIM WU AinsnseRulasnglsramluusnnatenduntilavauneinaute
syminansAuaavadn wazsyaulaswieUszamluiuiisueuiniudmiuniseiidudeu
1nTu wardufnvuluduves Midline Electrodes (Fz, Cz, Pz) AU Frontal wag Temporal/
Parietal (Ebmeier et al., 1995, pp. 434-443; Kirino, Belger, Goldman-Rakic, & McCarthy, 2000,
pp. 6612-6618) yanaNIluyIna Ol ﬁagﬂwﬁmeammﬂﬁuﬁwwaa (Occipital) Sadudiud
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WNeadestunisiuiiiunisueniiu ddaeuliauldle (Attention) AulandYawniiu (Taylor &
Thut, 2012, pp. 124-129)

3. Weeanuiasinsinaduliiaue sduius Aumanisalndnau fduius sendng
ANMENsavRsinGEuiumAvasinS s udwonNUaarnI19YeIARY P300 wanslAdiud U1amsa
dnisvunangauazinarsliunnasiuluiFesnuan salulazinin LaAnuIn Inangsazd
seuANNaIsansadinmansluseiulpeigniutiaan uaziiveianainnuadinanansauinedey
wuy (Dickhauser & Meyer, 2006, pp. 3-16) wazdailtiniseuraay wui invieduunlduiayly

¢ P9 a ' P a a wa H = ~ a
nagnsnsu ldammemalialug o luvaeivinndgasujifnutunsunisSeunisaeuilsiteu

o = D W | & | ! a X ! | @ P
aou lapinly Fesnnuuananssnanidugesinmisanuanlulidemaiulngiluaarunisalnisunle
Ugymislaududouindy (Ganley & Lubienski, 2016) #9AMNEINITALASINATDIUNIS UL
0§ ¥ a \ o A a PR P Y )
mimnmmmLLmﬂmwaqm’mqqLLazmwﬁumﬂau P300 TuS099 87909 UN15USEUIaNaN1IANY
LAUADIR bo

wonaninansivy SliiuinsuniesauesilnaUfduiusssninmuausaves
UniseuiunAvesinisuidwonUgwarAUNI1NT0IATU P300 YULYINRANTTUNITNARBUAY
wvade Jafiinszuiunsmadaa dudt wassnudile Suau 10 gedianivise lewn FC4 FC6 F2
F6 C3 C1 C4 C6 P1 uaz P7 Fagndianinsnegluuinaauesiiiisdasiuauaiunsasuanagin
azvouliiiunisinuldlutinuauendunin aueindude wasgaaueinauudu wenanilds
Wn7dIuved Midline Electrodes (Fz, Cz, Pz) 8naie (Ebmeier et al., 1995, pp. 434-443; Kirino,
Belger, Goldman-Rakic, & McCarthy, 2000, pp. 6612-6618) MAYIVINUNISUSEUIANAN 1N 1U
L@YAM (Zamarian et al., 2009)

YDLEUBRUZIINNITIY

n3dy uazdaulearunsathguuuuadulwinauesvugsiiAanssululdlunisdiuun
ArEnIavesinEeut e An eI 1 M%E]ﬁﬁ%miﬁﬂw’ﬂﬂL%ULLUJVHﬂuﬂ’I’iﬁﬂH’@ULLUUﬂ§u1WWW
aueetuRLUsa 9 Wi AnuAnadsassAsadamans anuinndnansadamans udu uaz
Faanursailudnuiudnuarlandfideniny dudnwel des vienn 1man1snevausiz
Unnguavesrduludnungle ssdusznauadula

wonanigwilddnnisine wazdnidelansrutoyauaziaimg anmtilaluises
miLU?iﬁluLLanLLazﬁ@ummﬂma%zmiﬁﬁmwuaqamaqmwizmﬁmmﬁl@w’mmﬂmié’qmquﬁﬂﬁm
%qL‘ﬁu%’ayjamqwqamimﬁazﬁauﬂﬁﬁ’mmaﬂauaaLﬁ'mﬁ’umzmumimqﬂ@ﬁyﬂ W3 war
annsathu@enlsadungud ieluiauinssuiunaifounisaeu uidifaouniouinnssui
ausaimuySeuliinuaansagEn
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