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ABSTRACT

The aim of this study was to investigate Thai high school students’ integrated science process skills
about chemical equilibrium. One hundred and twenty five Thai high school students from three schools in
Chanthaburi Province were asked to complete the Science Process Skills about Chemical Equilibrium Survey
consisting of two situations, namely, the study of effect of temperature to equilibrium constant and an
exothermic reaction from a reversible reaction. The results showed that the most successful students with
87% had science process skills in identifying and controlling independent variables, while the less successful
students in defining operational definition were 13% of total students. Most of the students’ capabilities of
science process skills were categorized to be unsuccessful except the skill of identifying and controlling
variables in terms of independent variable and of formulating hypotheses. The findings suggested that more
effective teaching strategies need to be developed for enhancing students’ integrated science process skills
about chemical equilibrium.
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Table 1  Distribution of students’ capabilities of science process skills (n = 125)
Integrated science process skills No. of students (percentage)
Type Type Total® Type Type Type  Total®
A? B* c? D* E*
Identifying and controlling variables
e Independent variable 109 - 109 - 3 13 16
(87.2) (87.2) 24 (104) @12.8)
e Dependent variable 21 23 44 - 68 13 81
(16.8) (184) (35.2) (54.4) (104) (64.8)
e Variables to be held constant 39 - 39 - 73 13 86
(31.2) (31.2) (58.4) (104) (68.8)
Interpreting data 2 51 53 - 15 57 72
(1.6) (40.8) (42.4) (12.0) (45.6) (57.6)
Formulating hypotheses 39 47 86 23 16 - 39
(31.2) (37.6) (68.8) (18.4) (12.8) (31.2)
Defining operational definition 12 4 16 36 24 49 109
(9.6) 3.2) (12.8) (288 (19.2) (39.2) (87.2)
Experimenting
e Collecting data 2 41 43 - 25 57 82
(1.6) (324) (34.4) (20.0) (45.6) (65.6)
e Analyzing data 2 42 44 - 7 57 81
(1.6) (33.6) (35.2) (13.6) (45.6) (64.8)
e Making conclusion 2 33 35 20 13 57 90
(1.6) (264) (28.0) (16.0)0 (104) (456) (72.0)

Type A = responses consistent with the expected response, Type B =

incomplete responses that implied the correct response,

Type C = responses that gave no specific, Type D = responses made no mention of the expected answer, Type E = no

response
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Table 2  Example of student’s table for recording data (Type B)

Temperature (°C)

Concentration (mol/dm3)

H, co H,0
100 0.405 0.405 0.836
200 0.486 0.486 0.764
300 0.613 0.613 0.624
400 0.776 0.776 0.398
500 0.891 0.891 0.206




2. Easen a3 Ty 17 28 atiuf 1 21

SIPNUNNNBENTZUIUNITNIINGIAT A5 7
Merteatunisnaasuiiunszuiumshideriios
v A A o 3 k4
WnGeundse uwa 15 luminaassrzdos
o o a 74 S
9IfeINEZNIZTVIUMIMAINGIMN asouq 11y
dy Y 1 = @ @ @ A U d'
Hugde  wwRernuiuinGeunguilse U
o & & Y@ A A
wa uialums gumamInaaesduuinGeun
o 3 o
Usz wwa "uSeneanssiusaudeyauaznis
a 79 Ay v ° ]
Ansizddoya wad ldenuuy 5 el
1Ay oA o <
NHdnGeulse vea uSalums giUwans
Y
naaeslszinmiosaz 28 iy TaslinGou
szinwdosaz 2 W1 jUnamisnaaesldgndes
° a o Yy o A a
asamumasuinaniald  waziiniSeudn
sznmdesas 26 JUnamanaaedld eandes
@ o A o Y v A 1 dy
numaeuimandeld inSeumari giUnams
naaoludnyuzmanuguugilinuszuy 'wa
y Y v N - P
Tdanududuvewdasusiinuiurionnudy
Y :/’ Y A aaa Y
FJuves 13aeduanaw asdunalgnserldng
Y Y A a d? o :/j aaa dyfi <
wihladegungiinniu duinlgnseiivuilu
Ufnsegannuion
a1 lsiamiilofinsandnyazmasUUes
o A 1 y [l o a3 oA
Wniseunguitlilse uwa “uSelaommizediass
< 1w 1
ms juwamsnaass sz laimingeuins u
a o @ {
Aaitluiesaz 16 jUwamInaaealudnvash
luganu 1y eandesdumoiunsnaasinie
a d':/’ 4 U A o A 1 dy n 9 o
wuagnasld dudelneumariilyldvma
nldnnmsnaasuniuunlszinnveslnsen
dred1ury  “manugungin Iianududu
1 d‘ 2 A [13
yo1 1501 Tussuunldsunlas” uie “ms
mngurgimlninalgasenludhanih1da  Tae
“una ldninmamingamgimIdanududuves
a o ¢ A 2 EEI] FY
naasumnIn” iudu

Y
un gﬂuazmag‘uauuz

Y Ay Y o oA YyId 1w oA
ﬂlayjaw"lmﬂumammu A AT uININGau

A = @ @ [l o a3
‘V]NNaﬂ’]iLﬁﬂuﬁ%ﬂﬂﬂ?uﬂﬁNﬂ\ﬂMﬂi&’ VNG I

lumsAnyfinyzATZUIUMINIIINGIM a3l
509 wgainns endu Wngmamuue
nazauguas (Msszydlsdy) naziinye
Y X
MR wuAgIe winpzoug ldun Wnbems
HemnFaliams Wnvzmsnaassdiums ika
MINAABY  NNBENMIMUUALAZAIUANAILLS
Fulsau) nyzmInaaesdumsIusINdoya
Wnezmsmvuauazaiuauals  @ulshdos
A @ a g
muguliai) finyzmInaaoInums 1Nz
doya  An¥zMIARNUNNIGIaZMsaIte 1
3w Ao A o ' o g o o
WudinwzMinGeudalidsy una “uSvmwaray
ya o J o w £ Ao A
AI9A1A91 ne AylszmaviaminGeu

dsg vilgwudernuinyznIzuIUNITNIN
a s A o A a
M a3 Taumwizos ey inEeMIHeuR
Uiams uazinyzmsannurmedeyanazns
Y a d? Ao a v 9y
asde jUorafaduvInmsiinGou il
a Aaa X 4 =~ a
INAAFINNIM A3 uTes uganiiluniwaa
E4A
waliiniFeumarii lidinyznszuiumna
M ASAF oANdeIRUMIANEIVE Harlen
(1999)
a s = A9
NTLUIUNMITMAINGIA asiumsanyIndod

A ' ' = A v
fna1I31  MISANYUNEINUNNYE
o & = a a 7Y =
MUIDUUINAMAINA A5828 MIanei lag
ATHENUUIAALALNAYEATZUIUNITNIL
a s o Vg g A A
I a3eannnnUBEIAATiUITBINNIIN
1$9991AA  WTNEINVNIBLATLTVIUNIT
MM asine1vealaeasaiusITNIIAYD
dy a F) Ay ¥ av dy Y
erwazuuifa  Joyah ldninauddeil giou
= 1 {0 oo A % I Q)
Thiudre9 unah agdndszmsnilaiiiu
91 33AABNIIWAUINNIYZNIZVIUNIINI
A < A = v A
e asluises waganlveariniseulay
IR 0H NN NHLATNAADINANANNADIHD
YOINABLATLUIUMIMAINGA A3 Fa9iiu
Y v A ~ o a
TdnminGeunisy uwa uSalums juwams
2 v A A o &
naasuduinisoundsy uwa u5aluns
smTeyanaz N ziioyadls 19019081
P A v A o o
TanmsninSeuazalsy uwa uSalumsiann



22 2. Ease a3 (“anw) 1N 28 atiud 1

v
NAYENTZVIUMINWINGI AT1Y ATnGeu
o @ v o ] A A Y] o
NYuABIAEAIN AN WTDNNEITEINY
Y Y ¥
WABZATZUIUMINIININ ATTUAUT D
Y] o a 4
1 UM IRAUIINBLATZUIUMTMAINGIN AT
¥
JUN Y
U Y A Y awv dyd
0190817 183 wan 1dv1nauddeiinly
3

Y ' &£ A v v = '
AIDY NN UIN $ﬂ@u1ﬁLWUQQﬂ31MUﬂW5@Qﬂl@Q

A

MITAMIGOUMT DUITOY WAl Tasimniy
19T INITNAUINAVENTSUIUNITNA
a o'asjl A =} R ya o
e astun wluses wgawdl  FIEITeve
Yya Y o o
¢ wonug IHANINEITDINUMINIWHUNITTANS
~ 9 A ~ v = o w
FeUITed UAAANATENINDINNY AQYVBINT
M ~ ¥ A = a v
amseugses uqanl lasadsidalen 14
WniSousouiuuifaEaineim asniugiy
NAMZATZUIUNIINIAINGIAT 95 dnvay
A a 9 I a A A vy
nunssumaiseuindndunenssun ‘o Suldg
FouliTom HnfAa Anduia wu adsldnanssu
=) a Yo A o
minaaed #iewalon ldunGeumInsanu
A A A ] o A = o & A
M AsNNEITINITEY wealall  Neiiie
" SuliinE suRamMINaNnYLATLUIUMS
a 7 A ~q Y A
MM asluses ugawnidliunni a

19N 1391909

% ] a a o
21U w0 Fums euwInem asuazinalulag
% K r
(M. 2546. MIIA 13LMITSIUTNGY
a P o g &
e a5 wan AsMIANEITUR LI,
I'4
NIUNWNMIUAT: BIAMIAIVBIAT M.
W1lea TUN3175. 2538. MIANYINAYEATZUIUMT
2
Aa o @ a Aa
nIneIm asvun yluIn¥iInerved
v = v & o = =
UnISeUTEAUTUUTEUANITA 6 UAUANT
S a o a o =
SeuInerm a5 — aaam a3 lulsasey
UsendAny1  vandnnye lan. Wuelan:
a a J (a a 13
MentmusUayan In, viImedeusens.
o o ax g o
937330 3305 2539, wavedIs ewinlygl
o o ad ad’d
uuums euy lunminazis eumui/nani

' o = a 7
Nagona ili]WﬁWNﬂ7ﬂ?f]1J3Wf]7ﬂ'7 OFRIIIN]

inGeufiiinyenssuumsmainem as
fienetu. Jamil: InorinuidSamnin,
VIO SUauATUNS.

Aikenhead, G.S. 1979. “Science: A Way of Knowing.”
The Science Teacher 46(6): 23-25.

American Association for the Advancement of
Science (AAAS). 1993. Benchmarks for Science
Literacy: Project 2061. New York: Oxford
University Press.

Beaumont - Walters, Y. and K. Soyibo. 2001. “An
Analysis of High School Students’ Performance
on Five Integrated Science Process Skills.”
Research in Science and Technological Education
19(2): 133-145.

Enger, S.K. and R.E. Yager. 2001. Assessing Student
Understanding in Science. California: Corwin
Press, Inc. cited American Association for the
Advancement of Science. 1968. Science: A
Process Approach. Washington, DC: Author.

Germann, P.J., R. Aram and G. Burke. 1996.
“Identifying Patterns and Relationships Among
the Responses for Seventh-Grade Students to

Skills
Experiments.” Journal of Research in Science
Teaching 33(1): 79-99.

Harlen, W. 1999. “Purposes and Procedures for

the Science Process of Designing

Assessing Science Process Skills.” Assessment
in Education 6(1): 129—144.

Kessen, W. 1964. " Statement of Purposes and
Objectives of Science Education in School.”
Journal of Research in Science Teaching 2(1):
4—6.

Mohd.Saat. R. 2004. “The Acquisition of Integrated
Science Process Skills in a Web-based Learning
Environment.” Research in Science and
Technological Education 22(1): 23—40.

National Research Council (NRC). 1996. National
Science Education Standards. Washington DC:
National Academic Press.

Stohr-Hunt, P.M. 1996. “An Analysis of Frequency
of Hands-On Experience and Science
Achievement.” Journal of Research in Science
Teaching 33(1): 101-109.



