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ABSTRACT

TITLE : ENHACEMENT OF HIGHER-ORDER COGNITIVE AND INTEGRATED
SCIENCE PROCESS SKILLS BY USING SCIENCE INQUIRY LEARNING
ACTIVITIES OF CHEMICAL REACTION RATES

BY : WICHAI LATI

DEGREE : MASTER DEGREE OF SCIENCE
MAJOR : SCIENCE EDUCATION

CHAIR : SAKSRI SUPASORN, Ph.D.

KEYWORDS : HIGHER-ORDER COGNITIVE SKILLS / INTEGRATED CIENEC
PROCESS SKILLS / SCIENCE INQUIRY / CHEMICAL REACTION RATES

This study was aimed to investigate students’ learning achievemnt emphasizing on
higher-order cognitive skills and integrated science process skills by using 12-hour science
inquiry learning activities of chemical reaction rates. The samples were 63 Grade-11 students in
Classroom 1 and 2, purposively selected from the population of 118 Grade-11 students in
Mathmatics-Science plan at Ramwittaya Ruchamungklapisek School, during the first semester of
2011. The dependent-sample t-test analysis indicated that the students obtained the post-
achievement score (mean 26.13, SD 6.09) significantly higher than the pre-achievement score
(mean 8.75, SD 2.51) at p<0.05. The students were categorized as high, middle and low-
achieving students according to their pretest score. The percentage of learning achievment
progression for each of high-, middle-, and low—achieving students was 40.63, 46.45 and 38.50,
respectively. However, the independent-sample t-test analysis indicated that these percentages of
learning achievment progression were not different at significant level of 0.05. In addition, the
students achieved the total integrated science process skills in a good level (73.82%). They were
identified as “excellent” at the skill of identifying and controlling variables (82.29%) and “good”
at the skills of formulating hypotheses (74.06%) and the skills experimenting (76.58%). However,
they were marked as “moderate” at the skills of analyzing data and drawing conclusion (65.77%).

The instructor observation revealed that POE activities effectively engaged students in the science



inquiry process. The critical thinking situations proposed during the class also promoted their
critical thinking skills. It is advisable that variety of situations should be proposed to make it more

challenging for students.
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MINN 4.1 HOTUGNTNNNITITYU 15D 8%51ﬂ15lﬂﬂﬂgﬂiﬂ1lﬂn WUNNUIUDNINAN
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IHBv AN .
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wasdasImanalnaen
2. M3 TABATING 5 0.70 |0.75 | 3.29 | 0.99 | 51.75 | 14.56 | <0.001*

nalgnen

3. HAIUAUNITA NNV 5 1.46 | 0.80 | 3.40 | 1.06 | 38.73 | 12.50 | <0.001*

Ugnsemazngums vy

4. lavgNiinanioons 25 583 (244 |1622 | 4.49 | 41.58 | 20.85 | <0.001*
msiialnseundl
59U 40 8.75 | 2.51 | 26.13 | 6.09 | 43.45 | 22.23 | <0.001*

* uanAeg s RN Na0ANsTAY 0.05 IBNATDOUAIY Dependent samples t-test analysis
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Q/ 4 = \ J Q L )
vowadugnEnnsGoudosas 38.50 ledinswidrensnansuiuuunguiedialy

o Q/ =y o

9a52ABNYU (Dependent-samples t-test analysis) WU21 AZLUUIRRIHATUONTN NS BUNS
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o »
FouveninSounimungugennouSsusdnlitiodfyneadanseau 0.05 Aensan 4.2

M 4.2 msufFeuisuazuuundsnouiSounasnduSou Soq Sasnsifaljasoundl

youinisoumelunquina nquihuna wazngueey

D THIETY %
NRUAWLEN ATHUY mean SD t p
(au) gain
. nouTou | 1233 | 056 | 40.63 | 10.15 |<0.001*
AQUINY 12 e
Halsou 28.58 5.63
, Aouisty | 886 | 149 | 4645 | 19.13 | <0.001*
nquihuna 36 —
Halsou 27.44 6.37
o ADUTON | 560 | 051 | 3850 | 1429 |<0.001*
nQuoou 15

vausou | 2100 | 4.16

o

L 1] ] L d Qﬁdl 1. A
* uanAey 19lvod annNananivay 0.05 Wenadounl Dependent samples t-test analysis
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[] v
1509 oasIMsINaUnsounil voariniSou AruA1ada One-Way ANOVA WU WAGEUNT
Vo Py [Y) 1Y) [ 1 o ' =K% o aad o
awnguiiiundovesnzuuuaui i liuand s usininedngmeadanseau 0.05
Aundvvesnzuuun A amhveninSounguins nquiwnat uasngqueou iy 1625
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yonzuuuaNui M losfige uazions sumsuazuuuaUA NI IMIINSSoUsININ
wWnissunquinaazngueeu ngmnauaznguihuna uaznguihunanuazngueoy
v L4 ]
enageud1 azuuun i Il weaasMnuuanaiugnidsdignse lu mside

g

Avsanndevazanudmiwewnaznguudl A0 40.63, 46.45 uaz 38.50 A uanaAaniy

~ 1 < s

uanuI WniSounraznauiinundovesnzuuunanufimi lhivananfuedniiisd Ay

o

Q&d’ é = 1 o o o d’
NNADANTTAL 0.05 FIUA p N 0.992, 0.441 wag 0.171 AUAIAY (A1519N 4.3)
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I 4.3 MudTouifsuazuuunnudndmuanisisou 5o dasimsiiadasound

vauiniFousEnInNnguIng nguihunal Laznquosy

- L AARBUATUHHANNNIMIN
msnfSeuneusyranngy p
Mean Difference SD
NYUING NYUODU 0.85 2.10 0.992°
AQUINY aguilunan -2.33 1.81 0.441°
nquiuna ngueou 3.18 1.67 0.171°

]
aQa

*hinanasfuedniivivdnannada

g

‘ﬁiz U 0.05 1ilonaToUAIY One-Way ANOVA analysis

dlefimsandevazaufimimunisSauveninGouauiion
WU nguind nguiunae uaznguoeu ﬁ%’ooazmmﬁnnﬁmmﬁmﬂun‘fam 504
ATMIEvelfATUTSAT1 AL 56.60 (mean 2.83) (394 N3 3ASATT IMIRY 58.40
(mean 2.92) A (304 Jadufitinanosns1 vy 40.80 (mean 10.20) My ik uazidovae
arufminiosiiqa luiffon Foq WA UMsAuHuvelgnseasngums vy
MU 2500 (mean 125) (S0aVlefuiifnadesast iy 4312 (mean 10.78) uag

1599 ANUMBUBAUFATO1 17U 33.40 (mean 1.67) AWEIAL AIN13197 4.4

H { L= o 3 o L) 4 o a
M3 4.4 madugninnnsSouduunanionmanvesmsiSoug 1509 Sasinsiia

Ufnsounil veninSounguina nguinai wazngueey

& L) v =y v o b 4 L4
IHeYiIrian ATHUY NOULIBNH HadloH ANUNIHU

(a1 = oanM3nal{n3e) | i | mean | SD | mean | SD | mean | % Gain

NGMING (12 AY)

1. ANUMNEBUJATeN 5 092 | 079 | 375 | 1.06 | 283 | 56.60
UAZoAI

2. M3 IABAI 5 067 | 078 | 3.33 | 0.89 | 2.67 53.40

3. NRITUADNISAUTUYDY 5 217 | 072 | 342 | 124 | 125 25.00

UFnssuasngudmsvu

4. Jvufilinanodns) 25 858 | 1.16 | 18.08 | 3.20 | 9.50 38.00

FINNQUIN 40 | 1233 | 0.65 | 2859 | 5.63 | 1625 | 40.64
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o o s ) o df @ = y A& @ - a
MmiNIN4d4 wafmqmimamsnsUumuuﬂmmu011maﬂ‘umms;sng 1993 9T INITINA

UAsounll veuinisounguina nquihunan uaznquosu (7o)

P v Y ) v A v V.
IHovIvian ATHUHY NOUITEYH HaIBYU ANUNIHMN

(a3 =8amsnalfAsen) | Wi | mean| SD |mean | SD | mean | % Gain

nginmnas (36 Aw)

1. ANUMUBYBIRAT 5 069 | 075 | 3.36 | 099 | 2.66 | 53.20
UazoAs

2. M3IAHAI 5 0.58 | 0.73 | 3.50 | 1.06 | 2.92 | 58.40

3. AAINUAUMIANTUYDI 5 144 | 065 | 3.67 | 0.99 | 222 | 44.40

aaa L
UpnTnuasnqulmssu

4. odviiimanesnst 25 | 614 | 1.82 | 1692 | 444 | 1078 | 43.12
smngainhunag 40 | 8.86 | 1.50 | 27.44 | 6.37 | 1858 | 4645
NGNBEY (15 AY)
1. ATmHywve e 5 |08 | 056|247 | 074 | 167 | 33.40
(1azonsI
2. M3dAva 5 100 | 076 | 273 | 070 | 1.73 34.60
3. HEUAUMIAUNY 5 093 | 079 | 2.73 | 0.80 | 1.80 | 36.00

Y0P HUDEN UM I¥Y

4, lavuNinanodns 25 | 2.87 | 091 | 13.07 | 4.13 | 1020 | 40.80
3IUNUBOU 40 | 560 | 0.51 |21.00 [4.16 | 1540 | 38.50
19983 NITINNGY 40 | 875 | 2.51 2613 | 6.09 | 17.38 | 43.45

& q a ¥ v ¥ a -]

WenlJsufsudevazaudivimunisiSouveniniG suaiy
b 4 4

o manluseninngy Wy HeAnYIRZUUUNATDUHAANNEN NUMSSounFaSou

1 = @ A 1 1 d’ A [ a a 9 d' Voo
uaznowissuvoainFounguinaluiiont (599 Wi aundedeshigamiiny 1.25
o InRadugNIN1IMsiSouvoniniSounoui3ou (mean 2.17,  SD 0.72) uagHdaSou
(mean3.42, SD124) fiamlndifeadu Sahldiifevaznnudnminiesfiga uazdiniy
b4 b 4
$avazanutimihveninSounguiunaruazngueou uenendise wuat inGouna

[] » 1 [
awnguiidesazaruiamdhiilndifiveiu fe iiiowt 150 flede Auniwdi 4.1
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Suasund H, (cm’) 1201 (s)
5 30
10 65
15 100
20 155
25 225
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15.00 0.850
20.00 1.000
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14) NAWUABAUIUA (Activation Energy : E) ¥031FA301 A — E fifunla

. 40 KJ/mol 9. 35 KJ/mol
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n lduiudane® 15u  win 1 03y aalunsa HC1 0.1 molL
v. lddanz@reaziBoamin 1 Sumin 103u  29lunsa HCI 0.2 molL
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17 1N 12 32 11 27.50
18 I 13 35 11 27.50
19 90U 6 27 13 32.50
20 1hunan 8 35 9 22.50
21 thunan 1 31 13 32.50
22 1thunan 9 27 14 35.00
23 1thunan 10 35 13 32.50
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msiimlfisound veninSoudiuseynna (de)

2 nouten | nauSeu ANUMININ
lIaun

(40) (40) AZIUY feuay
24 19 13 35 17 42.50
25 thunan 11 36 21 52.50
26 1N 12 28 12 30.00
27 9OU 6 28 11 27.50
28 thunan 7 25 8 20.00
29 lunan 9 28 20 50.00
30 90U 5 24 21 52.50
31 dunan 7 21 18 45.00
32 I 12 21 16 40.00
33 29U 5 23 12 30.00
34 lunan 8 31 12 30.00
35 (N9 12 23 14 35.00
36 unan 8 18 20 50.00
37 dunan 11 19 24 60.00
38 1hunan 8 24 20 50.00
39 dunan 8 21 20 50.00
40 hunan 11 31 12 30.00
41 99U 6 18 26 65.00
42 lwnan 9 23 23 57.50
43 dunan 7 17 24 60.00
44 99U 6 16 27 67.50
45 Uhunan 1 21 23 57.50
46 00U 5 16 22 55.00
47 (N 12 23 25 62.50
48 99U 6 19 26 65.00
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4 | nguueney | newdew | wdauFe ANNINTN
N (mean + SD) (40) (40) ASUUY Joune
49 thunang 9 18 21 52.50
50 90U 5 18 24 60.00
51 1hunan 7 21 20 50.00
52 90U 5 18 22 55.00
53 90U 6 23 21 52.50
54 1unan 1 32 27 67.50
55 1N 12 24 20 50.00
56 90U 6 17 18 45.00
57 1hunan 7 15 25 62.50
58 1hunan 7 27 22 55.00
59 90U 5 26 25 62.50
60 90U 6 24 16 40.00
61 1hunan 8 24 22 55.00
62 90U 6 18 18 45.00
63 1hunan 7 19 19 47.5.00
3 - 551 1646 1095 2737.50
103y - 8.75 26.13 17.38 43.45
SD - 2.83 6.40 5.53 13.83
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NS (5949 A1

. | mIimua MIAAIMNINY
M3A . 2
2 - HATAIIAY 713MARDY deyauazms | 3ndY
v | anudAgm
faus asvoayll
(15) (15) (15) (15) (10) (15) (15) (100)
1 11.13 12.19 11.25 10.78 8.44 9.84 9.84 73.46
2 12.28 13.13 1078 | 1172 | 813 | 1031 | 1125 | 77.59
3 10.19 13.13 10.78 12.66 6.88 9.84 11.25 74.72
4 12.28 13.13 13.13 11.72 8.13 10.31 10.78 79.47
5 11.13 12.66 11.25 12.66 7.19 9.84 9.84 74.56
6 12.28 10.78 13.13 10.31 7.19 10.78 11.25 75.72
7 11.13 13.13 10.78 12.66 7.81 10.31 10.31 76.12
8 11.50 13.13 12.66 12.66 8.44 9.38 10.31 78.07
9 9.94 12.66 11.25 10.78 7.19 9.38 10.78 71.97
10 11.50 13.13 12.66 12.66 7.19 10.78 10.31 78.22
11 11.13 12.19 12.66 10.31 7.19 9.84 9.84 73.15
12 11.50 13.13 11.25 10.31 8.13 9.38 11.72 75.41
13 12.28 12.66 11.25 12.66 7.50 10.78 11.72 78.84
14 12.28 14.06 11.72 11.25 8.44 8.91 8.91 75.57
15 11.13 12.66 10.78 12.66 6.88 10.78 10.31 75.18
16 10.19 13.59 13.59 12.66 7.50 9.84 11.25 78.62
17 10.88 12.66 9.84 10.78 7.81 9.84 10.78 72.59
18 9.94 12.66 11.25 12.66 6.88 9.84 11.25 74.47
19 10.19 13.59 12.19 10.78 7.81 10.31 [1.25 76.12
20 11.50 13.13 13.59 12.66 7.81 9.84 9.84 78.37
21 10.19 12.66 10.78 10.31 7.81 8.91 9.84 70.50
22 12.28 12.66 13.13 10.78 7.81 9.38 10.31 76.35
23 11.13 11.72 9.84 12.66 7.50 10.78 10.31 73.93
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M3ed 0.4 azuuumdseInmsisafiuineznssuauns Inemaasuysuing 5o 8as
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(15) (15) 15) (15) 10) (15) (15) (100)

24 12.28 14.06 12.19 12.66 8.44 10.31 9.84 79.78
25 12.28 12.19 9.84 11.25 7.50 8.91 10.31 72.28
26 12.28 12.66 12.19 12.19 7.50 9.84 10.78 77.43
27 10.19 10.78 12.66 11.25 6.88 10.31 9.84 71.90
28 10.19 13.59 10.31 12.66 7.50 9.84 10.78 74.87
29 11.50 12.66 11.72 10.31 8.13 8.91 10.78 74.00
30 9.94 10.78 10.78 10.78 7.19 8.91 9.84 68.22
31 11.50 11.25 10.78 10.31 6.88 7.97 8.44 67.13
32 10.19 11.25 12.19 11.72 7.19 10.78 9.38 72.69
33 12.28 10.78 11.72 11.25 8.13 9.84 9.84 73.84
34 10.19 12.19 9.84 11.72 7.81 9.84 9.84 71.43
35 11.13 11.72 13.13 12.19 7.19 9.38 8.44 73.16
36 10.19 11.72 10.31 11.72 7.81 9.38 9.84 70.97
37 11.50 10.78 12,19 12.19 8.13 9.84 10.31 74.93
38 11.50 12.66 11.25 11.25 8.13 9.84 9.84 74.46
39 10.19 10.78 11.72 10.78 7.81 11.25 8.91 71.44
40 12.28 13.13 11.25 11.25 6.88 8.91 11.25 74.94
41 11.59 11.72 11.25 10.78 7.50 8.91 9.84 71.59
42 9.94 12.66 11.25 11.72 7.50 9.84 10.31 73.21
43 11.50 12.66 12.66 11.72 7.81 9.38 10.31 76.03
44 11.59 12.19 10.78 10.31 7.19 8.91 9.38 70.35
45 10.19 12.19 9.84 11.72 7.19 7.97 8.91 68.01
46 11.13 11.72 13.13 12.66 7.19 10.31 9.38 75.50
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manalfiseunii veninSewilusoynaa (ao)

. | mitmua MIANNNHINY
113619 . B
i | g HazA NN 713NAa83 deyawazms | 33uade
fanls asveay
(15) (15) (15 (15) (10) (15) (15) (100)
47 11.13 13.59 11.72 10.31 7.50 9.38 8.91 72.54
48 9.94 10.78 11.25 11.72 8.13 10.31 10.31 72.43
49 11.50 12,19 11.25 10.78 7.50 8.91 10.31 72.44
50 12.28 13.13 10.78 11.25 7.50 9.38 9.38 73.70
51 11.50 12.66 12.19 10.31 8.13 8.91 8.91 72.60
52 10.19 11.72 10.31 12.66 7.19 10.78 9.84 72.68
53 12.28 12.66 10.31 11.72 7.50 8.91 9.38 72.76
54 10.19 11.72 11.25 10.31 8.13 9.38 9.84 70.81
55 10.19 10.78 11.72 11.72 7.81 8.91 9.84 70.97
56 12.28 13.59 9.84 10.78 7.81 9.38 891 72.60
57 11.13 11.25 11.72 11.72 7.81 8.91 9.84 72.38
58 11.50 11.72 10.78 11.25 6.88 10.78 10.31 73.22
59 9.94 12.19 13.13 12.66 7.81 9.84 891 7447
60 10.19 12.19 11.25 10.78 8.13 8.91 10.78 72.22
61 11.13 13.59 12.66 11.72 7.81 8.91 891 74.73
62 9.94 11.72 11.25 11.25 7.50 9.84 1031 71.81
63 11.13 11.72 10.31 11.25 7.81 8.91 9.84 70.97
eI 699.88 777.66 724.22 | 725.63 | 480.00 | 608.93 | 634.17 | 4650.48
lﬂéﬂ 11.11 12.34 11.50 11.52 7.62 9.67 10.07 73.82
S.D. 0.84 0.90 1.03 0.84 0.45 0.72 0.79 2.72
Jouas 74.06 82.29 76.64 76.79 76.19 64.44 67.11 73.82
zAy a fAunn ) a a | wold | weld a




135

MANHIN 2

fMvthanlszneumIninenssu



136

U o H Lo 4 s = aan z 'Q
2.1 fMpdumsibenssumsnacesii 5 dedufiinadesanimsifalfaseunil : WuiAa

VIT1IAIAY

AMMSIAAINTSY POE  duviuie () @ msiialfiserssninatauuniiiion (Mg)

17 3 IBUALAT 1 FU STNINER Mg 012 3 [UAIAST NAALH 1A 8 Fu Aunsa HCI

[N : o o o J @ ) ¥ ¥
MUNIIANINTTY POE YUFUNA (O) : ﬂguazmuwuunﬁuuswnummmsmam a1l

™ o 3 i a J a aana ] @
wnSoudunansifeumlaiinaiu lumsinaljisessninaia Mg dunsa HCl



137

v
.4 =

} 4 ] ]
AMMSIANIASSY POE YusBuiw (E): 1niSouswdusiuionandaunala loududai

IC

A3 lusuiwe )

’
s

o o 1

} 4 [} []
AMANMSIANINTSY POE YUBB118 (B): 1iniSouswdusiuiawanduna'ld ifeuduian

o

} 4
e 3 lutuiwe )



138

aminiSsulungusududaunagiunisnaass fmuadunlslumsnaass 1nauny

HATDOALUVNITNAAD

mminSsulunguswfulfsamsnaasauaziususdeyaluminaaes



aminFoulunguswduanrumusvesdoyai ldvinwanisnaaes uazaginudy

Aw ¥
A nHanIsnaany

AMAZIURTLILIMRINIARIMINEYeeyan IdvinKamInAaes tazmsagUaIw

Furusn 1d91nHan1snaana

139

o d

WUD



140

K e,

£

X\

g

1 @ ° 9 9 ¥ a 9 -9 9y
NINNMISYUUNIS Uuaf)ﬂll'l'll'llﬁ'llﬂ‘llm,luﬁﬂvlﬂﬁ'lﬂﬂ'ﬁﬂﬂ'nuﬁu'lﬂ‘llﬂ\ﬂlﬂlluﬁﬂvlﬂinﬂNﬁﬂ'ﬁ

naaod uazmsagUaduTuEn IR nHamsnaana

o A LY L) [ 3/ v 9y ° ¥ A
NTNUMTOUNQUDY 9 1“"0\1150“ mnmmmﬁmtm'lﬂ111nmsu1mummga11mmau“|

nquiignguesnunitausdoyn



141

(Y H o = 4 } 4 o & l!‘ [ ‘il! T W
N2 mmnammu'umumwuﬁ'lﬂmnmsmmnssummﬂnm‘n 5 {oduniinonodnsi

]
o

msmmlgnsmmu : WHNHIYDIM AU

mma‘n&!ﬁ%na‘umm

h PP ———
l 1. dm o) - mmsmlmm
3 eyudenny :ﬁm‘hﬂnlﬂ.lﬂ: )

l‘mi..s

munsaousiowlumsdimuadsvesnsnaans Tulufenssunsnaanad s



- S AT

1 ti:moﬂnputg'ghm{h?ﬂﬁ‘mﬂ?

...w,,,, gsjmfiampmﬁﬁ frime i

a2 v asa TR o

3 wzﬁwanfm 1,90, 2.
Cwm) gy M.

4. Y o so‘vM uﬂ‘ﬁi‘

G Auds ol ) 134, Al
bl d\'ﬂiﬁﬁﬁn ot
SupmriuA
7. oaai i

s ﬁmmg&

ammsoonuuuIEmsnaans Tulupenssunisnaanan 5

MAUNTDONUVULAG 1Qﬁuﬁﬂﬂﬂﬂﬁﬂﬂﬂﬂ~illﬂ$ﬂ1iﬁuﬁﬂﬂﬂﬂﬁﬂﬂﬂ&i

A1SNAADIN 5

142

Tulunenssu



£

143

“x P oai i AR ?g‘}l

smmonestider Wadmogitn B

A%, Mq\lwﬁ@uqﬂ‘m Wi
#ﬂMJnﬂmQﬂ‘ %:wmmnnéz Q{

ansiaeuveniniSoulunisandunuisdoyauaznisasdoayd luludenssu

AIINARDIN 5



(v}

L]

-
Yo

sz iamsfnm

sz iamaiinu

aumdanzaomfihamlogiiv

Iy as

UMTINGIAUGUATIFEI WA, 2546 — 2549
Munaastiuga mvIvual
UMTINIFOVBUUAY W.7. 2550
dszmativiias TusanIsiznag
UMIINUIAQUATI¥EIE W.A. 2553-2555
Innmaasuniudgia mviininnmans Ao
w.e. 2551 - flaqiiu

ng 15a5ouswIne Sylmanimn
dwasw duneiies Samiagiuns
AN A

Tsa5ous i ssisnaian

Awasw suneidios Samdagiuns

dud krapongpangchem@hotmail.com

144



