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ABSTRACT

The aims of this research were 1) to construct the instructional lesson plans using
discovery learning together with the use of simulations on safety and skills in chemical laboratory
for grade 10 students to meet the efficiency criteria (E,/E,) of 80/80, 2) to compare the learning
achievement of grade 10 students who have been learned through discovery learning together with the
use of simulations on safety and skills in chemical laboratory with the criteria of 80 percent 3) to
study the learning retention of grade 10 students who have been learned through discovery learning
together with the use of simulations on safety and skills in chemical laboratory 4) to study the
scientific attitudes of grade 10 students who have been learned through discovery learning together
with the use of simulations on safety and skills in chemical laboratory. The sample was 37 grade 10
students at Anukoolnaree School under Kalasin Secondary Education Service Office Area 24. The
sample was selected by cluster random sampling. The research instruments were 4 learning lesson
plans of discovery learning together with the use of simulations, totally 12 hours. The 40 items
learning achievement test with four multiple choices, takes 45 minutes. And the 24 items scientific
attitude test with 5 rating scales, takes 30 minutes. Statistics for data analysis were descriptive statistics
and test hypotheses with One-sample t-test statistics and Repeated Measures ANOVA.

The results of this research indicated as follows: 1) the efficiency of instructional lesson
plans using discovery learning together with the use of simulations on safety and skills in chemical
laboratory for grade 10 students (E /E,) was 83.40/85.40 which was higher than standardized criteria

of 80/80 2) learning achievement of grade 10 students who have been learned through discovery



learning together with the use of simulations on safety and skills in chemical laboratory revealed the
post- test mean score as 34.16 (S.D.=3.40) which higher than the criteria of 80 percent with statistical
significance at level of .05 3) the grade 10 students who have been learned through discovery learning
together with the use of simulations on safety and skills in chemical laboratory had learning
achievement pre and post scores significantly different at the .05 level and the post and post 2 week
scores were not different and 4) The scientific attitudes of grade 10 student who have been learned
through discovery learning together with the use of simulations on safety and skills in chemical

laboratory in overall was at high level (X =3.95, S.D.=0.17).

Keywords : Discovery Learning, Simulation, Learning Achievement, Learning Retention,

Scientific Attitudes, Safety and Chemistry Laboratory Skill

Major Advisor
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37. +1 +1 +1 1.00 A0ANADY
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44, +1 +1 +1 1.00 AOANADY
45. +1 +1 +1 1.00 A0ANADY
46. +1 +1 0 0.67 AOANADY
47, +1 +1 +1 1.00 AOANADY
48, +1 +1 +1 1.00 AOANADY
49, +1 +1 +1 1.00 AOANADY
50. +1 +1 +1 1.00 AOANADY
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7 6 36 24 576
8 12 144 -18 324
9 1 121 -19 361
10 15 225 -15 225
11 18 324 -12 144
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M3197 9.3 (99)

Audl X, x) X-C (X,—C)’
12 14 196 -16 256
13 12 144 -18 324
14 22 484 -8 64
15 15 225 -15 225
16 29 841 -1 1
17 19 361 11 121
18 19 361 11 121
19 15 225 -15 225
20 14 196 -16 256
21 23 529 -7 49
22 23 529 -7 49
23 16 256 -14 196
24 14 196 -16 256
25 17 289 -13 169
26 15 225 -15 225
27 16 256 -14 196
28 21 441 -9 81
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30 15 225 -15 225
31 25 625 -5 25
32 24 576 -6 36
33 15 225 -15 225
34 19 361 11 121
35 9 81 21 441
36 15 225 15 225
37 21 441 -9 81

37U 615 11123 -495 7523
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4
M5199 2.1
[ aa Aa r'd 1%
manamsuasienaNnuusUsiuuyuvatedwals (Multivariate Analysis of Variance) 1uns
4
NATOUIANANITNATOUNATUONENINMTITIUVONUNTIUNDUITIU HATIU AT HATIU
' Pl o S A Vo o ~ Yy P ' o o 7 o
W luda 2 @i 7 185 umssamsisouidremadunuswnums saoiumsaldaes

Multivariate Tests"

Hypothesis Partial Eta
Effect Value F df Error df  Sig. Squared
test  Pillai's Trace .949 324.126" 2.000 35.000  .000 .949
Wilks' Lambda .051 324.126" 2.000 35.000  .000 .949
Hotelling's Trace 18.521 324.126° 2.000 35.000  .000 .949
Roy's Largest Root 18.521  324.126° 2.000 35.000  .000 .949

a. Design: Intercept
Within Subjects Design: test

b. Exact statistic

4 1 an a 'd (3
iﬂﬂGﬂiN“ﬁ .1 LLﬁﬂ\iﬂWﬁﬂ@]ﬂWi’)Lﬂi1$1’Tﬂ’NllLL”]JT]JTJULL‘]J‘UWEHEJG]’J!L‘]Ji (Multivariate
4 1

Analysis of Variance) GluﬂTi‘V]ﬂﬁ@’U’J@NaﬂWi‘V]ﬂ’d’é]’iJW'ﬁﬁiJ’L]‘VI‘ﬁ“V]Nﬂ1iGEJHEUENUﬂGfJuﬂE]u
= v A v A 1 Y o s Ay Yo [ = % Y
13U MaNIgu uawauiaumu“lﬂum 2 dla ‘Vlllﬂiﬂﬂ”lifﬂﬂﬂTSL UIAIYNITAUNY
1 [ 9 o = Aaa Y o A v A 1 Aaa . .
i’JiJﬂ‘iJﬂ”Iii“lfﬁﬂTuﬂWim%”lﬁﬂ\‘] Iﬂﬂu@]’lﬁﬂ@iﬁ‘imﬂﬁm’ﬂﬂ 4 700 ANGDA  Pillai’s Trace

AEDA Wilk’s Lambda M1d0a Hotelling’s Trace HazAEna Roy’s Largest Root
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4
M3191 2.2
[ Aaaa o %
mann T 1ena 15U v yvareawals (Multivariate Analysis of Variance) 1uns
naaoy lagldiana 1% 1930151800 4 §IAe AI1@DA Pillai’s Trace A1ADAWilk’s Lambda

mana Hotelling’s Trace uazMand Roy’s Largest Root

Mauchly's Test of Sphericitya

Measure: MEASURE 1

Epsilonb
Within Approx. Greenhouse Huynh- Lower-
Subjects Effect Mauchly's W Chi-Square df Sig. -Geisser Feldt  bound
test 532 22.064 2 .000 .681 .699 .500

Tests the null hypothesis that the error covariance matrix of the orthonormalized transformed
dependent variables is proportional to an identity matrix.

a. Design: Intercept

Within Subjects Design: test

b. May be used to adjust the degrees of freedom for the averaged tests of significance. Corrected

tests are displayed in the Tests of Within-Subjects Effects table.

911NA15199 2.2 A1ADA Mauchly’s W=.532 waziia1 Sig. = .000 H31ieeni1 0=.05 a3l

1 [ o & J 1 a
Tdanundsdsiuliilu Compound  Symmetry  daviulumserunaszdesidons1uis
. A a a & a4 A J ax
Greenhouse-Geisser, Huynh-Feldt %3® Lower-bound yilalastants lunieziaona1uls

Greenhouse-Geisser
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Tests of Within-Subjects Effects

Measure: MEASURE 1

Type III Sum Mean Partial Eta
Source of Squares df Square F Sig.  Squared
test Sphertetty Assured——F67H-046—2 3835073555382 —000——9039—

Greenhouse-Geisser 7671.946 1.363 5629.768 555.282 .000 939

Greenhouse-Geisser 497.387 49.059 10.139
LL L ol ds AQT 2077 SN 207 0.QQ2
11\,[]1111 I VIUU A ET AR [UAV Y, T Z.00J
L OVWEE: bnnnrl /!07‘297 ’IA‘(\(\(\ 1’2.91£

T oI

v o

A 1 . Y 1 = Y1 A [ [ =\ [
1NATN R.3 A1 Sig. .000 YN AL = .05 %Qﬁ?ﬂulﬂ’ﬂﬂigﬂ‘ﬂ ga1nty .01 YN

{ 1 { % QJ (%] 1 %
o8 2 Conditions NiANAABHATNENTN1IMIHoUVENINFOULANA1INY



180

a
M3 NN D4
= I d’ I 3 Q‘{ =] v A !
Ammwammﬁaymaymmaaswmmwamimﬁawaﬁuqmwnmmawmumiauﬂau
= v A o A ] Y o s Ay Yo o ~ Y Y Y
158YH aNlgegu !!ﬁ&'fﬁﬁﬂ!iﬂ‘lJW7ulZ7J!m’J 2 diai 1/1?ﬁiﬂﬂ7iﬂﬂﬂ75!58ugﬂ38ﬂ7iﬂ‘lJWU
éﬁﬂﬁ/ﬂﬂ7i?%}ﬁﬂ7uﬂ7iﬂjﬁ7ﬁ@\7
Pairwise Comparisons

Measure: MEASURE 1

Mean 95% Confidence Interval for
Std.
(I) test ) test Difference Sig.b Difference’
Error
(I-1) Lower Bound Upper Bound
DL NauToU -17.541° 688 .000  -18.937 -16.144
NOUITYU o A v . )
viadiseu 2 dUav -17.730° 726 .000 -19.201 -16.258
L nouToY 17.541° 688 000  16.144 18.937
GNEENT o A .. B
Wadsou 2 e -.189 346 588 -.891 513
aaiseu noUiTaU 177300 726  .000 16.258 19.201
2 deansd S GRIRLAY 189 346 588 -513 891

Based on estimated marginal means
*_ The mean difference is significant at the .05 level.
b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no

adjustments).
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