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Abstract

The purpose e of this study was to explore the cognitive appraisal towards a model of
academic stress management among mechanical students in vocational high schools . Through
literature review and pre-test, a questionnaire was developed with sufficient reliability and validity.
Out of 1, 850 issued questionnaires ,a total of 1,6 50 were returned valid , with a return rate of
92 .8%. The analyses used were AMOS. The findings were (1) Academic stress and cognitive
appraisal towards coping strategies as expressed by students are significantly different; (2)
Academic stress towards cognitive appraisal and cognitive appraisal towards coping strategiesas
expressed by students are significantly different; (3) The effects of academic stress are mediated
by cognitive appraisal.
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Abstract

The purpose of this study aims at estimating a validity of the integrated chemical experiment
unit for 49 engineering students’ learning performances. This study takes a quasi-experimental
approach for two group students (25 students of the experimental group and 24 students of the
control group) on a three-week learning syllabus. Aided by ANCOVA data, it probes into students’
different learning achievements and attitudes in chemical process. All analyses and result verify that
the integrated strategy of experimental learning has more significant and effective learning
achievements, pairwise comparisons, learning attitude, and larger effect sizes on students’ learning
performances. Therefore, it is dynamic target to design an strategic approach for upgrading the
engineering students’ cognitive chemical learning. This tactic learning keeps up with other science
researches for the same positive results to justify the validity experiments of learning module group.
Keyword: Engineering students, Chemical experiment, Quasi-experimental approach,

Effect sizes

19



e kT §T 2013 » 46(1) » 19-30

FHRAPFLA > L PR PHEPERT RS EVRER  PEHRY T %
FHSE2 P BihE > #8 %Y 7 (Hofstein & Lunetta, 2004) %3 > 7 %7
RV FPFRALPERF O L) LEOHRES Y 0 FR PR K
LA e

Cracolice, Deming {= Ehlert (2008) 5 4i3% % § 2 L_;ﬁ%% P 3 RE fa A
ANPEY RN EYiEAET LN hE R Ao 2R RS AR EA
Flom FRMAF LN T F A (Mayer, 2011 ) ¢ L4 © P ﬁ@ SRS S Y A
A F AR RIEHRE P 2 B A =R 32972 2 (Lenaerts & van Zele, 1998; McDermott
& Redish, 1999 ) - Fisher, Wandersee = Moody (2000) #p it sc L 24 3 K L4 g d »
REFEEFCRRESZ T A BT ATV REFE - 5520 e g ¥ PR
FRETFLEREF LI 80 FHpne Y 4531 (van Merrienboer, Kirschner, & Kester,
2003 ) - West f= Graham (2005) # I fH Z % B K EEHF Y hj »ep T FH 7 EARE
# % (visualization) » B4 § 4 71 f24h % chp F 5 FL3 5 3 #2144 (interactions ) » ¥ e § 4
ﬁﬁﬁ‘§4*§4fWﬁjﬁ;F&ﬁ*(mmmm){ﬁﬁﬁﬁé’@ﬁigﬁjig

gk BRR  AE G 2R e 421 (authenticity and engagement ) > 3% -5 24 f2-F 5 4
BTl g R %\mbﬁg ﬁi'ﬁ"? LI FAFYPFEE o AATE B B HAREFEPE
I &g p ER THRABAEYLEGRANE T S 2B B AEBEE

o R P~ R 56%?{% Toee 2 o @ H A5 ATE & end 81 iF o Kendal 4v Stacey (2000 )
R RIATHT R P RRMRREL P ORFF LA RFEFV LT L LT RN
Ardac fr Akaygun (2004) 3 sk F T edF 7 Fa 4 > B* PERELF LRI RCFF
Bl i o 5 e 4 i LA S IV B RIZ gk - 9 3L §2 - Olympiou, Zacharias {- deJong
Qms)?&@*’ ST TN B RN S D W RE § e SR
R=xo Tt BERIGFEHE BT B 3o i g E o 2 Ay AR
B PHEEAY c PEFRGFAALSFACT 2 FY L FREE T 0 hma T oo AR
%ﬁ%%@%%?ﬁﬁ%?@%&%?$ﬁ’ﬂw?%%ﬁa?$;ﬁwﬁ§mﬁ%w¢1
Tz — o PR B en g p o KT AR R RE Y K RPH K
HEIBE S RFEE %28 Ea A KFLEFY Frk-

TN e R L T ANy SO S Py L U R N TR T FE
A48 Axt FYHAE - Ea B KRGS 21T REH - Mﬂ?ﬂif’r A2 K
it 4o

- FN TR RILBEIHRKERG B E2 w8 > B H A ?”#f@&%
HELAR - FHVP A KEHLIAF B FY 2 S L 82 hi?

SR TERR S RCERRKE R B F e > B RER 282 > H P RE
HASY BAAEHFTLE FHL AU RS HIPE L SV 28V ERAR 2 RE?

-Mr

LETEN -

SRR R R R R AR R S A KRB LR G H I HIPERY 2
20



e kT §T 2013 » 46(1) » 19-30

LN ,;\,;T‘JLE;L_;Q o
HH BRI RS R LR HA PSS NSV B YRS L
E‘_o

?\“ N @%Jeﬁs—\-;,

Bob ORI R Y LSV ] SR
fe o~ 5 A E Y R (Su, 2008a, 2008b; Ardac & Akaygun, 2004) ~ e Bi AL HL g » FAeH ¥
(Own, 2006 )~ # # RBlpe» ~EFY ( Schultz, 2008; Selvaratnam & Canagaratna, 2008; Su, 2011,
2013) ¥devk o )2 ERHF A FYHFRPL B EE  pEATHEFTY é%&ﬁﬁﬂ%‘f ¥
R EFFATHER G FEL A3y - FHEITWBHFITL A > B ?ﬁa%f{fi’b—i FRi-F
FRlafic] 8 o ARt RIZE-H 13 BERGHF B
2 FIeEF rﬁ’?kﬁ—%ﬁﬁﬁvg} e £AR g A HEE L A 4 (Ardac & Akaygun, 2004) o Lin v
Atkinson(201 DRI 37 G fr FH AP EMEF Y HFHAFY S WP FH (BFF -
BEGR G RAE 200D HERIR s TR RE > BT ag Y PR CRRBR P
FRHEAHFTIE2 Y38V RE-Kee (2013) B MARS I FE&dp K
FF o g BRSNS o PR K HP R T 2 TS
AR RARE & o

Ausbel (1968) 454 1T 2 f;?‘% Y endo £ & FlR A5 2 ¢ oaie > RETRE f3%8 0 ©
fef FREBR o ) R FA AL WRLATRNFT Y Y KEFEFF AROPE
Bz m o RALITE S B e inams (BT 2 a%’? 2006) ¢ g Y 1@
WA LR Y Lk B B ARG R e S RY DR YL B o
?”@5&d¢%%ﬁ&@kﬁ%$u%ﬁﬁmiﬁ% ¥E _;@%%ﬂéﬁ’ﬁi
AFWERFHONL > AR ZFEAEY ORREP N BEFLFY EHEG Y oK
FHAE (R5 20 1997) B iR ¥ LR ek B R R i e i af gy f
o Bl R @ RTE OB O BATE MR el e R > ¥ 7 ¥k R (rehearse )
Flm ig B Fang r R E o

Paivio (1971, 1991) #7% & ¢h= ~ %4532 % (Dual Coding Theory, DCT) %é‘ ARED
Treid 7§ Wi E 2k s (verbal system) ﬁ#&%‘f v (visual system) % /& % %z fF ehjp
Tah o Lo BEHT AR P ERE I L £L o Brown, Collins fr Duguid (1989) 2
RArpa i ek p BV FANRET I B xr?ghr‘ég%ﬁvﬂ%?ﬁiii PEY FEag 3
B T E0 B Y A et i@ '*’f%”* cHALFHEFBET AR BRFEFRAL I FEY
L*T# i E‘Z;&f\—"“’f# » 17 & % i * &1 CAI (Chang, 2003 ) ~ ICT ( Su, 2008a, 2008b) ®E N
TEUEREY KK R ERFLAEELEYEE 0 G F - F9Y =Fmd | o iga
FEE S LY ERAREN Y o ET B

oL E RS ZEPTRFLER M TP F I nEAR > & 1 (Trumper, 1997;
Yore & Treagust, 2006 ) = 3& @[ sozaE Wi & o HIp 84 LAY 3 BERATR A
fral g v P F R ERATRA R R L e pEHEL RO 2 LA F Y it o
Ausbel (1968) i T2 41 A RF DA AMRELA TR TS & AL u‘db‘%? EAl2 2 ]‘\Sii

21



e kT §T 2013 » 46(1) » 19-30

FHRE o B\ BARKE REOEEEE

AL & RT3 B
Epad K AL g S BT e £ (Yore, 2001) = ¢ 7 (1995) 323 44
%ﬁﬁ%fﬂﬁéﬁwé”%ﬁ’%ﬁiﬁaafﬁ LmEDEE  WBFY L6l
o p FRArEA Y "I?Ifr%%#a?ffr@i#% ° iﬁ?é -7 “F&%/% (2006) # 3 & T >
LALEES: 2N %}kmﬁﬁyﬁiégﬂ B 2% gy 2%l B Yk ifkg v Figt ik
FH5 -

é**”?%&d R TN SIE S 3 S CNEESTE & 3 o e
FHRFE  FALIPEL R REY Sk

AR SE A
—~Pi%?

LT e (s AT ,F%j\%j\glgﬂﬂ_ﬂl:r?{7 B 7 B p- & &Agef—ﬁ
£ 49 45 (EAF G o MpFIE AR AR R (25 4) foipdle (24 4) - &

EARP AR ]
(=) Z#%7

HEF RS AL P EHE R LAY ER S SRRl T A
FrHEYR- CREFEFPRFRN T - PR FHRLIKE > IR 1 E7kF 0 4ot > 4K
FFREFT - REPF - REFERTEL L2 %A o

(=) i=%3E
FEFLFRFE AL FLLAFRFLLER  FAHHELY DR EHIF

BAF L 0 DEET IR Sl R RR TR BRI ETLAF ﬂ’;\'ﬁ’" V- R
BBV RARAMARS FRER > REFETU R EYRANEEEFAE -

(=)

ps

>

I

o
% A

oy
oy

2HET g AR 2 R RS K A (R &R e frizdle) -
() x %7

FOEF B R BFCE T 0 T P 2 SRALE RISk rRIE L W RS 0 B £ R
R 2 =
(=) LD S RIRISEE B

W iSRIRIEREE 2 PRI RE P R(ERA - Rk E, 2003) - ,]*fr NELE IR/ A IVAR S

,-rr».iv II}%\I&P Féé?”ﬁ _-,_’]‘v\ . F‘/#ngﬁi’C‘Ef”M%Q’%ﬁfﬁr..q,"}?—r”’
&P IRAL 0 B (SRl AT ALY - AT

(—)§4§33§hfgﬁt 5?’

22



e kT §T 2013 » 46(1) » 19-30

AR LA fpit= 4 4% Likert 7 884 > Eq e 2 T2A2% 2L 2R T H
ﬁJFk&Jrﬁ#k&Jﬁlﬁewér%w%{Su@m&gm%gmywﬂw%ﬁua
ok tm & e i F 2R (contentvalidity) = & » AP #EG—- BT RT Fo - BPELTE
T RTCEEFEFNEFE > Y RBREZ L LB o AE 4otk (construct
validity ) o - #-FF 710 20 B % 269 (2 i 7 F1 & A 450 ¥ - = F1E A 175 % KMO & 0.906>
T Bartlett 254 e yd 5 3363.094 (pd B 435) EHF A7 LAFEA B
ARAAPTRERN S BRG o B b acE A3t 10 AAEEREE L 58017% w51 B
%m2&\$%®%ali~¥:%%&li’wi%%aﬁéﬂ*%@%%a%%?,ﬂ
R fm{("P{lO 11~12~30) 4226 3827 % - KA 470 % = A 175% % - KMO
® 0.915 > Bartlett 3254 sy & 5 3028.077 (4 A& 325) EA % A i LT FEA
¥ R AL FEFELT BhG (defFaE< 1) AHEEREE S 60.759%
TR e A BERC] 0 A R 5 3778 (94E)~3.475 (642)~3.183 (548)~2.424 (3
38)~2224 (342)

’% 51 ~ &% X {v Cronbach’s a &

B I iaiE X Cronbach’s a
Q1 3.77 0.64 0.85

Q2 3.66 0.80 0.84

Q3 3.37 0.83 0.81

Q4 3.65 0.82 0.70

TA (%8 %) 3.62 0.77 0.92

J&* Cronbach’s o 7P 8- RMEEHR > FaEsr % s 0.85-0.84-~0.81-~0.58~0.70 >
HHE R a® 09250 &yp Gay (1992) & 4 2 gk T & £ 2 7 & ik 090 1+ > £
dHEL2Z ERHEE; DeVellis (1991) Plini B R G#KAE 070 1 Vv EL 2 5 B R » ¥
PRE e B G E =48 (R 5, 21, 22) - & 480 Corrected Item-Total correlation % + 3%
0.440 - 4p B Thlicf) ~ 2 T ZME B VAP M- R4 F - KBNS LA K 2348 A B
Bo 2B hs QUIFFEY PEFHRDEAR - Kd QQ HEFFRKFNLRE A5 Q3
HESCFFHREFHEADER K5 QA HKFOER - w B HFHEL (TA) 2
T3 (M)~ #%® XL (SD) f- Cronbach’s @ B+ 4 lod 2 1 Bgx A ® 42 BF L2
M- RMEETRZEAE S 085-0.84~0.81-0.7040.92 > ¥ &% I 4% (Katerina & Tzougraki,
2004 ) -

—u

(=) &H*K

AT EHMRFZAIEBALT R - X
/\

CHLERI -5 Rl kaﬁ:i’fbﬁﬂﬁg - -~ T
ﬁ"i:}‘&:)‘]-mﬁw%ggjﬁ"-‘uﬁﬁ%%”@’wii

KEH S NI kHEAFHLETAH

o
o e FREALE S FLARZE 2 FAME L c BABH A AR PG UMY 3 AR H
i’”%Qg?g”uﬂiﬁﬁgmﬁi’m9$5%+ﬁi’ﬁﬁéﬁ - Az g H
;‘“5 gmw\é’r"ﬂ‘ F\ P ?’%H—‘ '?’(?1;2‘ N ?I%? rifﬁ ‘@ﬁiﬁsb %‘l%-e :‘5- ’ ft'r‘,{

23



PRI ey £ 2013 > 46(1) » 19-30

IR REIFRAAEELEE A FAFEY O F REY -
PRl FEER ST EH A power point ¢ a%%sto 4 Adobe Photoshop 7.01 %< # %8 #- Flash

MXﬁ%%é}ﬁKlfﬁ]L:}'word% &F—r .QF é\]} "ht"ﬁ]l’#lﬁ 3‘](—]“%?:
LHo BB d A R %) ._pﬁffi’_ﬁﬁsa’“"kﬁﬂ
(1) () 3)

©) (6)

(8) ©)

B 1 % Adobe Photoshop 7.01 %< #x 8 a2 62 £ B & B+ A RF 20 F R F £ 5)d
(DHI1(9)E 7 "8 B B

(2) FHELS A

BB SR B2 T (7T MM > 11 SPSSI2.0 AR E B ML 7
B 45 o

R -

- NI H%

g4 89 1;\11*.%?;5?']%\1.3%9 2 %Hs 7 (ANCOVA ) W 5w 3 rdllez mjplag 2 £ 8
B (SPIIFE LR BH L RIEREFATLIT - BRAEE Qﬁjﬁ,#i‘ Pf'%ﬁ"fi%ﬁi,,%%
BTt odleprHAY > fRABEGIEFTIII TP HRIEFTAEFLE B LEREK

24



e kT §T 2013 » 46(1) » 19-30

2 SN ] ftp; Gl T BT YRR R R EA LA EET A 20
KEAPHEAEL AR E ) > 2 REW el ekE > N3 HFLE 5 d Cohen (1988,
1994) F Z»xc% (effectsize,f) # fiE 5 0591 > g1 x~ 1+ (f>04) e ZHr»ek &

227 %REFULPFF L RELSPTHL

FHFFEA JiR T e fd R FHI3fe F p f
BRE R 2 2130.465 1 2130.465 14.308 0.0001 *** 0.591
w4 6104717 41 148.896
*#%p<(.001

A3 FReerdled BRI T okEsTr R T4 SRS P RN
Fdletsp g wapt TR s R B9 REE R B R e k8 -

3R BB A e LR g T 0k

HEH ~ FZe e

R 41.98 27.70

S EIBVRERLTERIAR
(-) FRefrizfl e 28V ERZ VR

AT GRS HRAIIE R G E s REPEF &R 0 FY > AT RS
FEATE R AR R e AT %R L LR RIPIRDEWA LT L 0 KEFA
T2k T T e b Gl TR B YRR A Ep A (BR) B X80 (—rs‘ﬁ;P'J)
FREZFHFRIIEY - APETUEIFYRRRELAZWPREL L8 BREAL S
%ﬁ,@ﬁpgﬁfﬁ,%%%%4%%oﬁ%4@%ﬁ$£%ﬁﬂf&pﬁﬁﬁmﬁﬂﬁ
BRBik Y% p>005(0662): 23 i* hx % AEHEFH  PLE RIS &
PAERF TRl LB BNV R L AN RFEAFY RRRE L L BRSNS R R
EA%D R B4 %3 2 L8 AR RFEAIT o NEY BARE L 2T RIRE
R MISRIEAS LR EAFEREAFTER A ST c KR KIS 0 Py
Tl F BR&EA RS IHEFAR (p=0008)> ¥ L5432 BY RAXD T F
CEFHRRE R ZBE kS E A 2%k =0443 (f>04)-

(=) FHEFARYBR2ZVRAH

e E L AN E REY BARSRRE L2 ERIE A Cronbach’ s a E 3 0817’11\%'3
- RMEFoRHREFAAVI AT Y RATERLTEE - RELI B R TEETAO6

25



e kT §T 2013 » 46(1) » 19-30

24 FHefl e b F Y ERALE L P iF Gk TR %A 1R

FHRKEE~ KR T3{e pd R THT A F p

R E R w) 15.036 1 15.036 0.281 0.599
#opld A 2898.620 1 2898.620 54.115 0.000

ww xRl 10398 1 10.398 0.194 0.662

£ 2142.581 40 53.565

%5 i tle e B Y BRRJRE AL RELSAITHEL

?E@éﬁﬁﬁm &k T34 fd B(f) T3HT 24 F p f

R E R it () 28.627 1 28.627 7717 0.008%* 0.433

WA (wp)2152.979 41 52.515
**p<0.01

26 PHREFAIEYERREI DU 2 LB At RIAFTES

FHRKEHE ~ w0 3P i4 5B
TiamE 1 S = L t p
iR If& 3.00 0.30 3.47 0.17 -6.771 0.001**
#%p<0.01

A ERTHR LA EYRATERAE TS (A R ERRKE R
SR R F AT O RBIEA R (RIS ES FREFAEFRKEL >
KEEABYHAREHTLE (p<005) 4 vwf s (BAF Rt 9% ux8 v #
FAEYRERT - 2P

”ﬁ?%&W%’w%%&(QbQ%Q3wM>&é&%&’ﬁiwa%%ﬁﬁa<L
AFEE 2F B 3AVAERE) MG p R R FE TS S RE AP A4 2P 1 Wilks'
Immw%&éﬁ%%aj%gm%¥ﬁoa7ﬁ@uWﬁmmmm%&§ﬁgﬁaz%g
EHFP 2 FRILE pEfrdskas fE - aPAF RIHZKTEAEY AR QY p %k
LT AR | E R F-KE > Scheffé T i v fgf ¢ 240 & BB E EC > 2L & EiRT 2L
FAEF RN AF I EE o A P ok fEE 0727 BIMA b o Bk s H g
TRFF OB R -

(Z) FHleB 4 A L Rk BHEAEY RAZ VRS

*Piﬁi§4§”f&ﬁﬁ%%ﬂ%%F%?ﬁﬁ%ﬁ’ma@%JﬁA@ L3 e
FHleFt 2V EA ﬁgﬂ@&@?iﬂ Tl tREAITEE AN E 8 AP FRGd @
RRFzpilefd 7Y E ﬁﬁ%;wWW{%pE%*&MOéﬁ%?ﬁ@ﬁ%ﬁi
g e ¥V ERZ gg EHERE S BLEHEL RS

B

= e

26



e kT §T 2013 » 46(1) » 19-30

%7 ¥ 73 ";’;-’%'_E‘i‘ a2 FiE ~p Efrf EiEér

wEHE~ p¥K % 3 ¥ i % #
AN Q1 Q2 Q3 Q4
PRE R L ERGRE F-ratio 1.037 6.091 3.046 0.188
4 Eg o E g povalue 0.371 0.008*  0.067 0.830
247 ) f 0.301 0.727 0.514 0.128
Scheffé 1>2, 1>3
2>3
*p <0.05
28 Al e B A ARFEAFY LAV ERZZE
FHRKEHE ~ a0 B i g
Tiow {FEF Tiow {EEF t p
R R 3.15 0.31 3.16 0.36 -0.019  0.985

iz~ 3%

Sk - S EAEE ) E*ﬁ?ii?ﬂ‘*ﬁﬁi A RF R e - LHAF R N s R F AL
(p<0.05) » = %1+ fi (pairwise comparisons ) 3 JLF Sk 2 5 4 (SRS F P B IR 4 e is /E'J
= % (p<0.05) Cohen F Z»c% (effect size) » B+ 24P &»a%x £ (fE 5 0.591)-
EEA A FR%R2ZEY B A RCERHRRERG 0L HEY SkpI%RE
Bl F R F RN - R RE S '—"ﬁ? A o Py EREIEFTHRKELE O EVYRARAEREFAL
4‘1 (p<005)’ - MHEKRE 2 e AEYRRBES T AEREFLE (p>0.05)-d

R TR F BB IRKERG {2 RV ERA LR PERFE P8V AERE
B wfFiez e “yﬂ?rlﬁi?}i LI EFHEY P RE TRAF BB HRKE X
2EA L HEYRARFRENY - BFERE N FL BT RE (BAF R ERRKY
Kvk  f R BBV ER

PrEsedy %J" (Yang & Andre, 2003; Liu, 2006; Calik, Ayas, & Coll, 2007, # £ &,
2011) mé;{éa@xwma FAARE - KA G R o P E A AR RS 5
KE R, 7 idgs 'Lgf"%’ g é‘{*’f‘"ﬂﬂa%” R Fl R A EE S
PHEA2Z CEFHRPFEEF G

it

AT RFEARRATFELR §RESTH > #35F (NSCI5-2511-8-237-001,
NSC101-2511-S-237-001 ) 8 2 g4 5 = » gt Aﬁgﬁﬁfo

27



e kT §T 2013 » 46(1) » 19-30

R

Ld i (1995)° 54T el B Y B Y hA#HT T c AREKTEY T 060 12-15 -

AT~ Zak (2006) - ﬁfﬁ;_,&}\ m‘s}b}i@;fi?%? HEY 44 A B Y277 fPEK
TET 14 (5)493-516 -

EEE (1997 ) Ky wBE o St L FTH o

Eif AL~ k= (2003) o # &4 [B. S. Bloom[zu A4 38 v P HRA S 237K 2 453 o KT
Az 235 1050 94-106 -

B REG T RE Q00D A HERpr TR REZ R REFY FL 1

Bz By 2%2 fhR277 - fFERTE > 15> 169-194 -

FaEE (2011) «#4 R 88 Y 5 pd F 4 P AFEARETT HBKT P30 1-18 ¢

FRE2(2013) c B MARB FEFHHAFE L PFRFERANS 2FT kY e
FHERAL EA > 103(1) 5 1-24.

Ardac, D. & Akaygun, S. (2004). Effectiveness of multimedia-based instruction that emphasizes

~

\*g

molecular representations on students’ understanding of chemical change. Journal of Research
in Science Teaching, 41(4), 317-337.

Ausubel, D. P. (1968). Educational psychology: A cognitive view. New York: Holt, Rinehart &
Winston.

Brown, J.S., Collins, A., & Duguid, P. (1989). Situated cognition and the culture of learning.
Educational Researcher, 18, 32-42.

Calik, M., Ayas, A., & Coll, R. (2007). Enhancing pre-service elementary teachers’ conceptual
understanding of solution chemistry with conceptual change text. International Journal of
Science and Mathematics Education, 5, 1-28.

Chang, C. Y. (2003). Teaching earth sciences: Should we implement teacher-direct or
student-controlled CAI in secondary classroom? International Journal of Science Education,
25, 427-438.

Cohen, J. (1988). Statistical power analysis for the behavioral sciences (2nd ed.), Hillsdale, NJ:
Lawrence Erlbaum Associates Inc.

Cohen, J. (1994). The earth is round (p < .05). American Psychologist, 49(12), 997-1003.

Cracolice, M. C., Deming, J. C., & Ehlert, B. (2008). Concept learning versus problem solving: a
cognitive difference. Journal of Chemical Education, 85, 873-878.

DeVellis, R. F. (1991). Scale development—Theory and applications. Newbury Park, California:
Sage Publications, Inc.

Fisher, K. M., Wandersee, J. H., & Moody, D. E. (2000). Mapping biology knowledge.

Boston: Kluwer Academic.

Gay, L.R. (1992). Educational research: Competencies for analysis and application (4th Ed.),
New York: Macmillan Publish Company.

Hofstein, A. & Lunetta, V. N.(2004). The laboratory in science education: Foundations for the
twenty-first century. Science Education, 88, 28-54.

Katerina, S. & Tzougraki, C. (2004). Attitudes toward chemistry among 11th grade students in
28



e kT §T 2013 » 46(1) » 19-30

high schools in Greece. Science Education, 88, 535-547.

Kendal, M. & Stacey, K. (2000). Tracing learning of three representations of differentiation with
the derivative competency framework. Research in Computer Algebra Systems in Schools
Collected Papers. DSME Preprint 4/2000 20-38.

Lenaerts, J. & Van Zele, E. (1998). Testing science and engineering students: the force
concept inventory. Physicalia Magazine, 20(1), 49-68.

Lin, L. & Atkinson, R. K. (2011). Using animations and visual cueing to support learning of
scientific concepts and processes. Computers & Education, 56, 650-658.

Liu, X. (2006). Effects of combined hands-on laboratory and computer modeling on student
learning of gas laws: a quasi-experimental study. Journal of Science Education and Technology,
15, 89-100.

Mayer, K. (2011). Addressing students' misconceptions about gases, mass, and composition.
Journal of Chemical Education, 88(1), 111-115.

McDermott, L. C. & Redish, E. F. (1999). Resource letter per-1: Physics education research.
American Journal of Physics, 67, 755-767.

Olympiou, G., Zacharias, Z., & deJong, T. (2013). Making the invisible visible: Enhancing students’
conceptual understanding by introducing representations of abstract objects in a simulation.
Instructional Science, 41(3), 575-596.

Paivio, A. (1971). Imagery and Verbal Processes. New York, NY: Holt, Rinehart & Winston.

Paivio, A. (1991). Dual coding theory: retrospect and current status. Canadian Journal of
Psychology, 45, 255-287.

Schultz, E. (2008). Dynamic reaction figures: An integrative vehicle for understanding chemical
reactions. Journal of Chemical Education, 85(3), 386-392.

Selvaratnam, M. & Canagaratna, S. G. (2008). Using problem-solution maps to improve students’
problem-solving skills. Journal of Chemical Education, 85, 381-385.

Su, K. D. (2013). Validity of problem-solving skills: Exploring dynamic reaction figures in
acid and base chemical learning. Journal of Computer Engineering Informatics, 1(1),

1-12.

Su, K. D. (2011). An intensive ICT-integrated environmental learning strategy for enhancing
student performance. International Journal of Environmental and Science Education, 6(1),
39-58.

Su, K. D. (2008a). An integrated science course designed with information communication
technologies to enhance university students’ learning performance. Computers & Education,
51, 1365-1374.

Su, K. D. (2008b). The effects of a chemistry course with integrated information communication
technologies on university students’ learning and attitudes. International Journal of Science
and Mathematics Education, 6(2), 225-249.

Trumper, R. (1997). Applying conceptual conflict strategies in the learning of the energy concept.
Research in Science and Technology Education, 5, 1-19.

van Merrienboer, J. J. G, Kirschner, P. A., & Kester, L. (2003). Taking the load off a learner’s
29



e kT §T 2013 » 46(1) » 19-30

mind: Instructional design for complex learning. Educational psychologist, 38, 5-13.

West, R. E. & Graham, C. R. (2005). Five power ways technology can enhance teaching and
learning in higher education. Educational Technology, 45(3), 20-27.

Yang, E. M. & Andre, T. (2003). Spatial ability and the impact of visualization/animation on
learning electrochemistry. International Journal Science Education, 25, 329-349.

Yore, L. D. (2001). What is meant by constructivist science teaching and will the science
education community stay the course for meaningful reform? Electronic Journal of Science
Education, 5(4). Online journal: http://unr.edu/homepage/crowther/ejse.

Yore, L. D. & Treagust, D. F. (2006). Current realities and future possibilities: Language and
science literacy—empowering research and informing instruction. International Journal of
Science Education, 28, 291-314.

30



e kT §T 2013 > 46(1) » 31-43

1A B ARSEY R THAY 22 KkEUEL B

A Qualitative Study on the Learning Process of Female College Engineering
Students: An Example of a Teaching-Based University
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Pao-Nan Chou
Program of Instructional Technology, Department of Education, National University of Tainan
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Abstract

This study aims to analyze female engineering college students' learning process by using a
qualitative-based interview method. A purposeful sampling is adopted to interview female
engineering college students from a teaching-based university in the Southern Taiwan. Research
participants are 15 senior students who major in electrical engineering or computer engineering. A
semi-structured interview guide is developed to facilitate the 60-minute interview process. A
four-stage qualitative analysis strategy is used to analyze 225-page transcripts, which in turn yield
15 research themes, including 5 themes in recruitment motivation, 9 themes in learning experience,
and 3 themes in career development.
Keyword: Female engineering college students, Learning process, Qualitative research,

Teaching-based university
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Abstract

This empirical research attempts to understand the ability of Taiwan Technological and
Vocational college students of Civil Engineering (CE) for the technology in terms of Energy
Saving and Carbon Reduction (ESCR) and what kind of employment knowledge and ability of
college students should have in the future and to construct the Indicators of Technological and
Vocational college students' basic ability for employability in CE for the ESCR technology. It’s a
3-year project, sponsored by the National Science Council (NSC), Taiwan, ROC, under Contracts
No. NSC100-3113-S-011-002 and NSC101-3113-S-011-002.
Keyword: Technological and vocational education, Civil engineering, ESCR, Employability,

Indicators
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