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A Design of Instructional Material for Concep-
tual Learning of Chemistry Experimental Tech-
nique-Distillation Technique

Jhy-Ming Horng, Cheng-Hsia Wang

Department of Chemistry

National Taiwan Normal University

Abstract

This study designed a set of instructional materals for conceptual learn-
ing of distillation technique at university level. Instructional materials and
instruction strategies were developed and organized to guide students to-
ward developing ability of simultaneously using the technique, intellectual
inquiry skills, and subject matter knowledge to solve chemistry problems
new to them, i.e., achieving conceptual learning. The instructional materials
and assessment instrucments were developed on the basis of specific instruc-
tional and assessment criteria that arose from content analysis and instruc-
tion/evaluation analysis. The efficiency of the Materials, instruction strate-
gies and the validity of the assessment instrument were observed in (1) the
facts that above 82% of the students passed at the criteria for conceptual
learning of distillation; (2) progress of learning indicated by increments in
the average passing rates from pre-test to post-test; and (3) strong positive
correlations of the actual results of experimental technique performances
with test results on (a) experimental skills, (b) the science-process skills,
and (c) the subject-matter knowledge.

Keywords: chemistry experimental technique, conceptual learning, distil-
lation, criterion-referenced measurement, CLD
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(CEEY AEBURINESY) (58) -
(BB ETRE (FBEBEHE) -
(e MY IEE PhE R R EMAR (FERSEBRE) -
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BEHZRAVTESD - DAGE 824 BEHE L A5y AR BRI A -
CAREERN M S RE LSRR TH

FRASSH AR AR ER BN ERMENOREEE / FEEE » BiteRE
PR EZREPTRIA - HRERALEHE - E—HEWAELSENES
- REREREAIRIIATE KR E -
AT R R RERERE SR
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HREENRR BT BSNE YR BENBEERRE - FREBLERBBRENR
BURAUEER - DL T+ BRTEB ERRFIER » BRRERT - ROFEATEA
—HESREZAEEREE  KTRBEARRB S - BRREBRNESE  BHE
TEECREER - EFEBRA L - EATHELMANZNEREE - XIERIREZ
RET] » RIBIBE BB TH—ABERER  EZERAL - BLTR—RYINE
MEEED - BRLHERIEELEEYENEE S ST ERONEE F
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LSRR B RN TR B ReFREHERERES - LIl E
FEAH (R2) - BETETR -84 (91%) BEEBKE TSRO EERISE
o BANTRURTNAIRE (86%) BEMEREFHSRNRERISE - BLTETN
(24 (80%) BIBFUEREHISRORERISE - HRSM - 58 REREEZSE
BE - B ERFREEES 51 5100% - 100%F195% (£3) o BREREKE
RE - MR RERELXBTERRERFEBES 7 51% - 91%H184% (#4)
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%2 MEZBEBAETEAERESERIEFERR

RERE (rEA) % BIERR

£
;%% AR MERsE HitRE AmepE NEE EREE
(5£1) (5¥2) (&F3)

1 100 87 90 + + +
2 100 100 100 + + +
3 100 100 90 + + +
4 100 100 100 + +
5 100 100 86 + +
6 100 100 100 + +
7 81 81 90 + +
8 100 100 95 - +
9 100 100 95 + + +
10 100 100 100 + + +
11 100 100 100 + +
i2 100 100 100 +
13 100 100 100 + + +
14 100 100 100 + + +
15 100 100 90 + + +
16 100 100 100 + + +
17 100 100 90 + +
18 100 93 90 + + N
19 100 100 90 + +
20 100 93 90 + +
21 100 93 95 +
22 100 100 100 + N

1 ERRCE RN -

2 TEEE ZBE RBRARAE o

33 ZR-ERRMERIASZN (FARBASEEN REBAENE K

ZEEZEE) BERANESY) (unknown): i B 7508 o
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3 HERNRBETBEAERELEERRERE

. AERIE (RED) % HIERR

;ﬁ EHEWE BYRE SEREE 2 OBEE SIRE SREE
(1) (F2) (33)

1 92 80 100 + + +
2 85 100 100 + + +
3 92 100 100 + + +
4 92 100 100 + + +
5 78 70 100 + + +
6 85 100 100 + + +
7 78 100 100 + + +
8 100 100 100 + + +
9 100 100 100 + + +
10 100 100 100 + + +
11 100 100 100 + + +
12 100 100 85 + + +
13 100 100 100 + + +
14 100 100 100 + + +
15 92 100 100 + + +
16 92 100 100 + + +
17 100 90 85 + + +
18 100 100 85 + + +
19 100 920 100 + + +
20 92 80 71 + + +
21 100 100 85 + + -
22 100 91 100 + + +
il HE—KREEYZERIE -
2 THEMZBEE—ZBESYZ BB -

3 RER—ERRUERZIASZN (BZEBZEENZEBIE TE - B
IEBRbE ~ ZERFIKII S 08) ¥ RAIE & (unknown) = 5388
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HERE (B

' %

BERR

£
;;% RMEE WUEE RERE 0 BERE BRRE SERE
(:£1) (§%2) (5%3)

1 100 91 90 + - -
2 100 100 100 + + +
3 100 100 90 + + +
4 91 100 100 + + +
5 100 100 100 - + +
6 100 100 90 + + +
7 100 100 100 + + +
8 100 100 100 + + +
9 100 100 100 + + +
10 100 83 100 + + +
11 100 100 100 + + +
12 83 100 90 - + -
13 100 100 90 + + +
14 91 100 100 + + +
15 83 91 100 + + -
16 100 100 100 + + +
17 100 100 100 + + +
18 100 83 100 + - +
19 100 100 100 + + +
20 100 100 100 + + +
21 100 100 100 + + +
22 100 91 91 + +

H1 M- EEERRS Y RIS

32 Y- EENUBRIRES Y AR -

33 R —-EREMERCAESCN (ARKESEER  1—RTEUKE

TR SN BN R RS BRI BER AR &Y (unknown) Z 7



482 wEl T8

AN ELERTENEBEREENHESESY  NELEFBINRERERED
R EEHERENEEFENTREREF - FAREAE-SERIEESTIRE
EEIEENERT  FEBL T RN E RS H RSB LE & R BN R EY)
- PR BRAREY  EEFENERENERERRT RIF - EESRBEHENERL
& ¥ 22— X BA(2-pentanone) ~ Z E IE T B(ethyl n-butyl elher) ~ 1,1,1— = E X
(pinacolone) ~ #f— % B Z(p-chlorotoluene) ~ ¥ [#(aniline) - cis-norborene-5,
6-endo-dicarboxylic anhydride (%5) o He2— KEFZHIE T BE A M BEZEMBA
{LEY » 1,1,1— = FEFEE ARSI M EYI B o mmiisb - B—f8HE
ETRAEREBIBEY Y HE B Z @ E R M M cis-norborene-5,
6-endo-dicarboxylic anhydride 58 F & B 5> B 4l 1L [ FEWIBR T —Mi(cyclopentadiene) (
#4) o Fh "+, REANAESFEERNEBRSRRE (EENMAREZEERE
#) S T—, RIE o BIREESE R - T IERETHEF - HEAREL - B2
42— R ZETE TR R AR A % - BIERE R - R, L1-=RERE
FE—8FE » REZHUBE (91%) EHAMEGE  HIERRALLI-=FHERF
TR BFmS—8REEH 8% (86%) RiF - B HER - B+ /L1 (82%) #
HHE T4 (91%) BRE R - AFEERAEEE (1808) - LIAEEMHEZE
Mt A H - SHRRER A B H B BE 2K/ - cis-norborene-5, 6-endo-dicarboxylic
anhydride L5 BR 43 5188 1K — 46 B2 88 (monomer ) B H ¥ 88 (dimer) 73 - B+ /(L (
82%) B HPNHISEER EEMEAN  BIERERE -0 (91%) REF - HIE
R FT80% Ll B AR FTE BN BEREE T - BERHEEERE T SASE
BIFHIZRMEA R » R H MBS SY » S S E1EE / FEaEA
P FEEHR .
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#S FAEERKENERANERSR

BB 2—IXER ZHEIE LL1—-= H—H§5% R cis-norborene-5, 6-endo-

[SEZEaT TH FEAW dicarboxylic anhydride

A EREH HERR FRAE  RSHE  RNAEK HEH

- c823: A YRR i B 70

TSR Fi: HIF FHik BfF BHE HE s B BHE HF Kk RE

BASE
1 + + + + - + + + - - + +
2 + + + + + + + + + + + +
3 + + + + + + + + + + + +
4 + + + + + + + + + + + +
5 + + + + + + + + + + + +
6 + + + + + + + + + + + +
7 + + + + + + + + + + + +
8 + + + + + + + + + + + +
9 + + + + + + + + + + + +
10 + + + + + + + + + + + +
11 + + + + + + + + + + + +
12 + + + + - + + - - - + +
13 + + + + + + + + + + + +
14 + + + + + + + + + + + +
15 + + + + + + + - - + + +
16 + + + + + + + + + + - +
17 + + + + + + + + + + + +
18 + + + + + + + + + + + +
19 + + + + + + - + + + + +
20 + + + + + + + + + + + +
21 + + + + + + - - - + - +
22 + + + + + + + + + + + +
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B L 2B A TR R AE AT 2 Bt B R R IR TR R FI R R AT R R SR AR
WRERBETASSTEEBFEFERE (EXEAENE) NE84E » HERAE - #
ZIRR KR ERNENRRAENT CBRERTNRS%)  VYEHNELEERREE
S RIERRI BT ZE o DI E AR AG » HBIZBEREE » 0)BREHE - (OFER
HARERTEIBR AR B ME R R — B B S EE B k6 - FE ARBFETE - BIERREL ) » (b)
K —BIRE 3 51 291% » 82%F196% + P=EFEIE > 51 £82% » 82%F182% : TE#%
TEIETE 53 5 %91% » 86%F182% - 15 Beit REIT B AR R H(a) R SHBTRHRE » (0)BF}
R 0 (o) EERRRERT RIS BRI AR B EER - AR tUBETR =R ENRIRE
KA - RN EENSRERENEEWIEMERM (£K6)  RTHEES
RET o AR AR PSR A 2 RIS BRE » (b BRIAIER - (o) BB HEAY HIBR AR
BEEFRRE RN —BE -

#*6 MEZE()EIERR » (DMERIAIR - (COBERBREREE - R(dEBRKAERMME
B —BEE

REgRE)E WS skl

B2m BB BF RS gk 'iF B8 'k '
TRERE BORE R EREE BEE BRR BEEEE & KR
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