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Atidtaya Poonruang. (2016). A Development of Learning Achievement and Ability in
Problem-solving in Science through STEM Education Approach in Enzyme.
Master's thesis, M.Ed (Biology). Bangkok: Graduate School, Srinakharinwirot
University. Advisor Committee: Assoc. Prof. Achariya Rangsiruji, Ph.D., Asst. Prof.

Somkiat Phornphisutthimas, Ph.D.

This research aimed to investigate the learning achievement and the ability of
students with regard to problem-solving skills related to enzymes (amylase, proteinase and
folic acid) through the STEM education approach. The study group involved thirty grade—11
students selected by purposive sampling from a large-sized secondary school in Bangkok.
The research instruments were: (1) practical laboratory skills (including topics of amylase,
proteinase and folic acid), (2) lesson plans based on the STEM education approach, (3) an
achievement test, (4) an ability test problem-solving, and (5) a satisfaction questionnaire.
The data were analyzed using mean, standard deviation, and a t-test for dependent
samples. The results showed that the average posttest scores of the achievement tests and
their ability in terms of problem—solving were significantly higher than those of their pretest

scores (p < .05).

KEYWORDS: Ability in problem-solving, Amylase, Folic acid, Learning achievement,

Proteinase, STEM education approach
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fsnaudunguailuqu (negative control) waziawladuaiiiag

(positive control) @78 smﬁmmgﬂmmsﬁwmmaaLauvl,smfl,mﬁLaaI@mﬂwsﬁwuamLﬁusiwu

glusfnmomao clear zone MAUMWUITNAY 3 LATANTN 2

A3 2 La%"umugmﬁﬂmwao clear zone WAIFNIINANIDENILARETUA

GRLHgK! Clear zone diameter (mm) ( x + SD) % Clear zone
1. sinasu 0.00 + 0.00 0.00 + 0.00
(negative control)
2. WANINT 1.75 + 0.10 63.67 + 0.15
3. 0zai29 0.90 + 0.12 48.25 + 1.52
4. yzazna 1.43 +0.21 58.69 + 3.67
5. gulsIa 0.00 + 0.00 0.00 + 0.00
6. uathils 0.53 + 0.12 3452 £ 5.15
7. awlmiuadiag 3.03 + 0.06 75.20 + 0.35

(positive control)

NINARDIN 2 1309 LOW BN ININLWE

AINIINAADI

lun1sdnee

[
%

RN

% 1Fa0879Na b3 IWI% 6 Tha lewn sullzIa LAUAL

yeazna NzL“ﬁaL'ﬂﬁ NZUID WAZHNNG I@ﬂﬁﬁnﬂé’uuauaﬂmﬂwﬁmmﬂuﬂ@:umuqsJ

PNBURINITA WY BGLQHVLSITSJEIV‘IiﬁL%ﬁ I(ﬂ ANNINAFALNL LﬁﬂﬂﬂLLﬂzLﬂ%ﬂﬂ Lﬁ HUIZAUAINN

Wy 6 20U AIONI9 3



50

@379 3 ﬂ"]Laﬁmz@”ummgi,mauﬁa%gmaamsaﬁmﬁaﬂwLL@iawﬁ@

GRLHgN @hLo.,?im:@”ummklmauﬁaw (x + SD)
ﬁ’mﬁ;u (negative control) 0.00 £ 0.00
CITMER) 4.90 + 0.32
uauagy 4.20 £ 0.42
yrazna 2.10 £ 1.01
Wzl aIne 1.90 + 0.57
FUAT 1.10 £ 0.91
NNNIAUD 0.77 + 0.99
Lo by lwsfilua (positive control) 5.00 + 0.00
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A v d'l A a Aa >3

QANAULFINILLATAY spectrophotometer Lm:myumﬂiuwmﬂiQIWaﬂﬂUﬂiwwmmgm

AININ 4

@179 4 @1 pH uazdSunansalWinuesznsana luudacaiasng

fnatn pH USuaunsalwdn (ng/mL)
AN 6.50 0.065

WNNG 5.60 0.075

usonlad 6.15 0.100

SIMERY 4.64 0.000

yzazna 4.50 0.000
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2 pnpaNNIN utios
3 waeaWI wutunany
4 BABAWI YN
5 AN1LANNIN y}umnﬁq@
5. §n@ TIUTINTaYR TuinKa uazagwna

wa

und}iian1s 1389 nsalvan
786 aUnvol uazaIsadl (da 1 2AN1INAADI)

1. Lﬂ%iad’;”@ﬂ’s’mlfﬂul,l,m (OPTIMA SP-300 spectrophotometer, Japan)

2. ANANARITWIA 20 x 150 mm

3. 1038970 pH

4. m%'aoﬂwﬁm"i'm

5. 120UV TVWIG 100, 250 WAz 500 cm®
6. Jila

7. N3zANBNIAY U@ 0.45 lulasiuas

8. aan-uallag (SIGMA, USA)

9. NIALAFABTIN

10. n3alWEN (SIGMA, USA)

11. INSAU& (SIGMA, USA)

12. Iwunadouweaina 0.1 luans uaz 0.05 luas

13. niatalasaaasn 0.1 luans

14. 871917 Difco folic acid casei medium (HIMEDIA, India)

15. 10 L. casei subsp. rhamnosus ATCC 7469 81¢) 24 Falug ‘ﬁll,ﬁﬁr]ﬂumw}i
folic acid casei medium

ABnagau

nageuriannidnswes Jonathan; et al. (2005) waz Riteshma: et al. (2008)

1. 3purnuaznalifdasnsine laun dhme wesen usanled suiysa
LRZNZAZND S1WI% 1 NI

2. anaarstinas (InunsBounasna 0.1 luans, 1% niauaanasdn, pH
6.1) USunew 25 dadans UL pH 4.5 munsalalasaassn

3. i ldduwdpsfienasazay 3000 saumndt iuiian 15 Wi

4. 1ANRITAZA U IWITLUE 1 A8RAAT LN 3 T2 ludN 37°C annwin ldduluans
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Wfi 100°C 3 w7t wazvinlwiinw ey ol doanw

5. \dumsazausanedias 1 Sa8ans Uy 2 5alug 7 37°C sl dalu
81937 100°C 3 w17t wasvinlwtiin avinltawladiFoanin

6. LASINWABANARNEIUUIA 20 X 150 mm AHIWNIRLT AL

7. Dulaatsansana 1 Jadans adlunasa (v 3 Gﬁy“n) arenanalnaann

8. Winthnausidoudasluraaanaass naona: 4 Tadans

9. e 5 UafaaT Va4 folic acid-free double strength basal medium A3
aBands 7 121°C 1w 6 W7 aUANTI9 12 (MARWIN 2)

10. ﬁLﬂ@L%ﬂLL‘ﬂ’maaﬂ L. casei subsp. rhamnosus ATCC 7469 a1t 24 fﬁm
50 lulasaas waztn 22 2lus 7 37 °C dramaitalnaanisa

11. 7@M31a39Y (ANNYU) V89 L. casei subsp. rhamnosus #1e

spectrophotometer 1A171WB1IARYK 540 nm Tayaf ldthuadsanninasasiwan 3 4



A1 12 gmmim%lﬂu folic acid-free double strength basal medium

Approximate formula* per liter

GRBITEY DRI
Charcoal treated pancreatic digest of casein 10.0 NIV
Dextrose 40.0 N3w
Sodium acetate 40.0 N3w
Dipotassium phosphate 1.0 N
Monopotassium phosphate 1.0 N3W
DL-tryptophan 0.2 N34
L-asparagine 0.6 N34
L-cysteine hydrochloride 0.5 N3
Adenine sulfate 10.0 JaNTW
Guanine hydrochloride 10.0 UadnNIV
Uracil 10.0 Ua&NIW
Xanthine 20.0 ¥88NIW
Polysorbate 80 0.1 N3
Glutathione (reduced) 5.0 488nI
Magnesium sulfate (anhydrous) 0.2 NI
Sodium chloride 20.0 488NV
Ferrous sulfate 20.0 dadnIu
Manganese sulfate 15.0 U88NIV
Riboflavin 1.0 §88NIW
p-aminobenzoic acid 2.0 J88n3u
Pyridoxine hydrochloride 4.0 488n3
Thiamine hydrochloride 400.0 lulasnsu
Calcium pantothenate 800.0 lulasnsu
Nicotinic acid 800.0 lulasnsa
Biotin 20.0 lulasnsu
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m3adsurawnsalWanal835 microbiological assay IwiaaanAaas ANISa9

Jonathan; et al. (2005)

1. 1@5uus138zaanIalWanu1a3gIw 0,0, 0.02, 0.04, 0.06, 0.08, 0.1 ng/mL
91N folic acid standard 0.3 ng/mL (5) AILUARBANARBIVUINA 20 x 150 mm

2. @i l¥iusines 5 Sadaas asluudaznaaanaasd

3. L@y double strength basal medium (6) U3n1a7 5 8daaT

4. Autoclave 6 W7l 71 121°C uasvinliiSuriud

5. J1U@ L. casei subspecies rhamnosus, ATCC 7469 50 tulasaas (uniiuvaaa
naagd 0 ng/mL blank)

6. Uy 22 Talug 7 37 °C

7.39n13LA39Y (ANYH) VB L. casei subsp. rhamnosus 628 spectrophotometer

540 nm8. &39NWANNITIUAININLIZNEY 9

0.9
0.8
0.7
0.6

0.5 y =0.1288x + 0.1459

A 540

0.4 R?=0.9939
0.3
0.2
0.1
0
0 0.02 0.04 0.06 0.08 0.1

Folic acid (ng/ml)

MWUIZNay 9 NTIWHNAIZIUVBINITLAIYVEY L. casei subspecies rhamnosus wnaalWan

mMessaEsazatallananasgIn
(1) stock solution 100 pg/mL
1. Folic acid 50 §iafin3a (dried 70°C /constant weight ‘Luﬁﬁ@)
2. Y5u13u1a3 500 dadaa35 lae 0.1 M phosphate buffer
3. iU toluene (3-5 AadAa7) iulugdiin

(2) working standard solution 1 pg/mL
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1. 138979 stock solution 5 TaaanT Lt 475 TaasAT NWSY pH 7.5 @28
HCI 2. 150153105 500 Haddns detii
(3) diluted standard solution 100 ng/mL
1. 139971981382818 working standard 10 JaRAAT Twih 90 f8d&as NiuUL
pH 7.5 @28 HCI
2. 150153105 100 Haddns deti
(4) folic acid standard 10 ng/mL

1. working standard solution (2) 1 §afaa5 wadbuvIaUsuUINNaTIUIG 125

2. 1§13 phosphate buffer pH 7.8 U3untk 20 AafaaT waztin 30 Jaaaas
(5) folic acid standard 0.3 ng/mL
- folic acid standard (4) 15 Gaaaa3 luwin 500 dadaas
(6) N3L@384 double strength basal medium
1. a2a18 Difco folic acid casei medium h4@13719 1 9.4 N3w ﬁ]’mifulﬁ&l 50
{inan3u ascorbic acid uazin 100 Jadans
2. ey 1-2 wit ansiurin s usidwaansoru il lenole 2 dan
nILA3ENIEe
1. 8=a1# Difco folic acid casei medium (#1314 12) 4.7 N3 Twihnaw 50 daasas
nnsiiin lUduuazyin T du
2. 15u%n 50 Ia5803 uas 25 dadnsy sodium ascorbate
. 1389719018 folic standard solution (3)

. ANHUNTBI 0.22 — 0.45 um

. UuN 37 °C 1ilwiaan 18 Tl

3
4
5. Q9 L. casei subspecies rhamnosus 0.15 J883a3 laasluainng
6
7. 1@ glycerol 120 U8AAAT Wazein 30 Hadans

8

. auanaaaaz 2 dadfas LAUN -20°C (Win 3 Lhaw)
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