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ABSTRACT. The purpose of this study was to examine the impact of Science Writing Heuristic (SWH) on multiple rep-
resentations in students’ writing and to survey experimental group students’ recognition about the use of multiple representations. For
this study, Participants of this study were 158 students in 7th grade. 94 students were assigned to the experimental group and
64 students were assigned to the comparative group. The experimental group showed significantly higher mean score than comparative
group at utilizing multiple representation in summary writing. Interview analysis indicated that all students who participated
in interviews, regardless of solid multi-modal competency, recognized that use of multiple representations with appropriate explanations
enable to communicate science information persuasively.
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8.9 S27] Y7HE: 2oF S227] F7H52 Hand 5]
ket 7k ol 7] Zeho] e g1 big idea’, T}
sH4 g, 0] 52, GeAbd 200 4717 o w
=l g1k,

o BA 327] YoM B et 34019 w
& 7A%el7] 949 S 2710 Hehd thE
4] A4 o) HES A s o) BHES At
ol o} B4 2247] 71528 McDermmot®] "Multi-Modal
Writing Task Assessment Rubric, & B}J&© 2 =A% H 7}
E2A 2 B2 3 Boh ek oA B2 i o

oS )

=5
Qb oAl B0l v gdog pAHEG? BE Hrhe A
HhAQl 29 H7ER A FA o AR, FeehA], 244
H P A E BrhstaL, d3d B7ks st S0l AHES)
= tF 24l FAe AAE AL 23F5A AHES=AE
B7rgteh ok oAl Brhe HEo] Ko F27]A
Auh} We o] golujg o5 HALS AFEal LA S
BoksHE Ao® shol A8t B EALe F FolA
FAl9 B9 gl T mAE Al9istel Blstart. o)
Wik b B4 S Sl ALg R e AR )
He Brste Aoz 7 e Bokstan. o
FAFC] Y A4 (embeddedness of multiple representations)
ojgh Tk A4S Heta 4 A YL, 2 &
o A Tt AF WAL ol s, A o2
ofu] QA AHE-SHE A& oujgch! A oiqk kAl B
Ao Y82 WAl SleA], 22 A= A=A, £
3 AHTA, SRAAA, FITA, BEH Aoz
AZEEA, Dot oF BAAA ] e B 74
ST A thek opa BAe g AdksH W] o
o U4 24T A4 Beos TEac gy &
e 7t ol o] HeE e Aol T, o] WS ok
4 7} W42 the grol WAl 4 ol
x

Ul gole] WS FAksHE wel webd 7 erand
total raw, GTR)Z} o+ %7 (grand total average, GTA)2] =
744 9P S etk 2AGTRS 2 A7), U4
H7h it ok HoE WA S8 oA U= gholaL,

Bt FA(GTA)E & F7F 9 d3d B7E dioh &4
BF7h WA Bae A o el & He B
YEL 2275 Brkehe 4T Mot B T
(GTA)o] WA Hes ®Hsh= 7P AT H4=
hg 4 Qlek
CIE A0 2H3H SHY QIA] ZALE 215t AUE R
e bt Zaa7) L ol Fodt YS9 thE
Fgol BT A4S 2AFeE7] flsliA wArel sHY ] A
A AEFE AAISHAT JERE AR 8.0F 247
oA et th /T o] Bigt AE AREE o]
whebA] 3709) TF 08 teo] AAISHITE Al 152 v

FA I 1of t3k A Al A]SE 1S (multiple representations
with explanation group, MEG), T ZAS A AL 19
3k o] =3 AL (multiple representations without
explanation group, MG), 12| 37 A g1t A A3t 7 P-(explanation
only group, EG)= &8} it 2+ Z1Fof tieh A &3
2 et S A7 19, etas ukakaby 37, A Aba
A 2ol A B =S HS Hroba] A4 st (Table 1).
AE R > 222 of ot st 5 o5 247
ZLof gk AES AR 1F 9] SHY(MEG) 51, o5 3
A4S AFER oL Tof gt Aol BE3 1FMG)9
sk 37, npAjato 2 Aint A A 1TH(EG)S] sHAY 3
HoR, F 1Y A5l

Table 1. Interview items on students’ recognition about multiple representations

Group Interview item

(O Why did you use multiple representations?

MEG (multiple representations
with explanation group)

@ How did you get the idea of using multiple representations?
(3 What is the effect of using multiple representations?

(@) What is a better way to explain this concept?

MG (multiple representations
without explanation group)

(D What is the meaning of multiple representations you used?
@ Do you think the multiple representations without explanation describe what you think about the concepts?
(3 What is a better way to explain this concept?

EG (explanation only group)

(D Why did you use only texts to explain your thinking?
(2) What is a better way to explain this concept?

2012, Vol. 56, No. 6
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Table 2. Homogeneity verification between experimental group and comparative group

Group N M SD t P

. experimental 94 31.56 9.060

pre-summary writing score . -1.626 0.002*
comparative 64 34.48 12.272

pre_mu]tip]e representaﬁon experimental 94 23.92 18.07 ~3.906 0.004*
grand total raw (GIR) comparative 64 37.11 22.54 ' ’
pre_multip]e representati()n experimental 94 18.15 7.43 3187 0.841
grand total average (GTA) comparative 64 22.05 7.72 ' ’
*p<.05
B7tsto] ol & t-ASS Il AT Ay AR aoF 2 FA Y] 2 e FA FIHe)ol A= AR A T(11.54)0]
271 T8 9 AP v 24 227] FH(GTR)O A Bl aL H R TH(7.23)0]) ]l A A o2 fonstA & AL
Z P

3 =
Aeke] o] A o] v Fu|stA w2 A&
LrERETHp<.05). St o} 5 TA 2247 ﬂrxﬂ J;‘FF A
(GTA)O A= %Zﬂx—iii T°r 2
2). mpatA o] F FA

QOF FMI[0|M LIEHS CHE H & 24 A3}

A fof G279 v 244 £ 205 FRgeR
alo] ALE @ oF Z2 7)o tjdk ANCOVA £4] A3}, o=
#Y 227] FH(GTR)OIA A A TH92.60)} B 5]
(73.50) k0l A FAA o2 FoJulFk 2ol 7t Jlgle
gFoty e o 24 2227] Bt FH(GTA)IA = A9
%JEP(3415)01 H 2 H(28.90)0f Bl FAA = {9
H)3HA] 2 A 0 &2 YRS TH(Table 3).

ol Bajo]x] sHA o] Tet Arg Hots| Adst
A9 A ol HES dobs 4= gl By Bt
@eliie = g *}Olf’ﬂ 57417‘4 & §oug 2fol7}

(. 37)01 l
uEHA w2 AL

OHH Eﬁlﬂ o7 H = 1,}3} t}. sHAl
=9 S271A vEhd 4, 22, =8, O, &, 5
5, 3% ol 2o r Adst 2dT fofndt

Table 3. ANCOVA results for summary writing

Z vebgth WA S8 (dolA = Ao gTh64.66)0] B
W HSE0.84)00 B A BAHOR Fo
o2 Yeb A WA S8t &4 Bk U
e WA Fite)oll A T Arkatol 9] G-olu|gt 2}o]
7} Ho| A ek 3kTh(Table 3).

B2 g7k qaof 227 ZE koA AR HwH0.02)

3} I ET0) Abolo] FAHOR fojulet Aol S
ol ghoL} M Huh AN AR Aukg w43

He BehH fdol Feae] FRolN HFYH
(193)3 vl MY TH(1.75) Abole] ulsha EAH o2 fel
v gk 2ol 7k Ui eh(Table 4)

AT W7k aof 227] Ay Wkl A AH el
BH1370] vimgee] RGN A FAMo=
S olushA =9k A o AE gz A9E
B B, F Ade] A% AFE R Yrsvel §
o4 Aggere] BR(185)0] vlmAeke] HR(1.69)

Wk $AH 0 ejulehA £911, 1 9] FEAAE
% ek Aol o] §-oJulgt 2ol gl lehTuble 5).

et FA B7E 8o S27]A YEd 22 AT
0s 24 ol =2 astAY R A Ae Al ¢lsto
Fougt tF 44 S otEyH FonE oF
Fg9 ol A AR G153 v w R TH(7.23) Ako]o

Experimental (N=94)

Comparative (N=64)

M SD M SD F p
(a) Text assessment 9.02 2.021 8.70 2.201 1.380 242
(b) Overall cohesiveness of paper 7.37 2.058 6.77 2415 426 0417
(c) Overall alternative modes assessment 11.54 6.366 7.23 4338 27.844 .000"™
Individual alternative (d) total embeddedness score 64.66 27.626 50.84 32.847 11.450 001"
modes analysis (e) average embeddedness score (e=d/c) 6.22 1.590 6.20 2334 0.029 866
(f) grand total raw (GTR) (f=atb+c+d) 92.60 35.456 73.54 40.118 14.321 .000™
(g) grand total average (GTA) (g=atb+cte) 34.15 7.997 28.90 9.561 19.447 000"

p<.05
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Table 4. ANCOVA results for the text assessment in summary writing
Experimental (N=94) Comparative (N=64)
M SD M SD F p
Accuracy of science concepts 1.93 0.446 1.75 0.471 4.929 028"
Discussed required topics 2.17 0.986 2.17 1.29 0.053 819
Text characteristics match intended writing type 1.85 0.387 1.89 0.567 0.466 496
Language appropriate for audience 1.87 0.335 1.81 0.393 0.590 444
Key terms underlined, highlighted, identified 1.20 0.934 1.08 0.948 0.979 324
Text assessment 9.02 2.025 8.70 2.20 1.380 242
*p<.05
Table 5. ANCOVA results for the overall cohesiveness in summary writing
Experimental (N=94) Comparative (N=64)
M SD M SD F p
Modes evenly distributed throughout text 1.81 0.544 1.73 0.648 1.474 227
Alternative modes linked to each other 1.28 0.860 1.16 0.895 0.486 A87
Examples are carried throughout sample 1.78 0.589 1.70 0.659 0.462 498
Alternative modes linked to more than one topic 0.66 0.849 0.48 0.756 2.799 .096
Main conceptual idea continually addressed throughout 1.85 0.387 1.69 0.614 4.969 027"
Overall cohesiveness of paper 7.37 2.058 6.77 2415 426 041"
*p<.05
SAHCRE Foudt Aol E Hth(Table 3). AU 283t uF 2AAA o Higt M5 FEsHAT WA
o E S S Aok 34718 U o 17 Qe e AT Bl 64660l ulnUtrel Bito)
4 & Z&ste 227|8 T vhdol v ehe] shy 50.84%2 A A= frou|gk Zpo] & H A1 (p<.05), WA
E Zolt thE BALS A8 AL 3 22VEF A4 WA T AW Aple] EAoR gojulgt Ho]7
397+ ek Example 1). R THTable 3). WA $-& S E0) AL87 o5 =
L ) T [e)
<Example 1. Students’ summary writing> %:} i—; ;ijzéi 51 E}:A?:]j: IHXH}E jijt 1:}]1_
ZHol0AY ZH e} j n= Tr‘-q‘j]t‘y_ t’]’? ar o—*] T2 1’]"11— Ao 2 ?_
oHal 952 P2t WS S B 258 vl sz | o 80l A WG S dokied A-8d
i4¥7| QM BXIS ct, T ek wEhA 9o Ak Aol vl B
S ot sl B eI 3 A FEAr] X YR AL BAHOE
QUOIM =Zsh= &l ofE WS0| U=X| LotE7? BHA | o7} YA g5 v
FE2 HoX U0 =HE
= = = = = o =2x o9 H
;:#;Elgoﬁlﬂgggggi OS] D2 SAHe 252 Y CHE EAJO|| C45H OlE{E 2M Z 1
RE5Hs 8l SHirEolor, Jalm Ml I B Etge Tt el F47] 22Ol Fold S vE
=5 2] = = — - - .
ffl;lrofa'éfﬂﬂil i.?gﬁfi_?:!ﬂf gicH eto| XIS 5 O 7| 7HK]| ] A A4S 2] A AT 284 <
okt B 2= o33 Zth(Table 6)

Mg dit FA 24: 7NE diet A EA A= A
0| AR S 4 Aol disiA WAdS B 7hst
Aot ohE 2YS Aetetal Ay A vE AL 2 &
N UL A BAE sl Ay, AR
oful A AHESIREAE L7 Sl Ao FAER
Aol A, B A=A, S A-GTA,
SR AA, A, BER fdder ddEE=A,

2012, Vol. 56, No. 6

Cl= =AM} 710 of

[l

representations with explanation group, MEG)

o] AFel &k 559 thE EY B WS Awn
W o Bk 227] 371 5] adel A ARG A
A PR R W, RE G4 B A4E AL
g A& o S dTk(Tuble 7).

4 AEHAA T S A ol ol et 3

S MIAIEH 21& (multiple
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Table 6. Analysis of students’ interview

e
o
ok

Group Interview Item

Category

# of responses

(multiple responses)
Good for understanding concepts 5
Why did you use multiple representations? Multiple representations have visual effects 1
Multiple representations can arouse reader’s interest 1
Explanation by teacher 5
By SWH program 3
How did you get the idea of using of Y p ‘g L
multiple representations? Not by teaching-learning, just naturally mastered through the 1
learning process
By textbook 2
MEG Good for long-term memory 3
What is the effect of using multiple
. Easy to understand 1
representations?
For arousing reader's interest 2
Mind map 2
Table 2
. Lo Photo 2
What is a better way to explain this concept?
Cartoon 1
Movie 1
Emphasis(different color or size of font) 1
What is the meaning of multiple Explain scientifically 2
representations you used? Explain non-scientifically 1
MG Do you think the multiple representations
without explanation describe what you think ~ Not sufficient 3
about the concepts sufficiently?
What is a better way to explain this concept? ~Drawing 3
Why did you use On]y texts to exp]ain your EXplalI’llI’lg by ertlng text is easier than by draWing to writer. 2
thinking? Explaining by drawing something is hard for reader to understand. 1
EG Drawing 2
What is a better way to explain this concept? Table 1
Graph 1

Table 7. Student’s summary writing score in MEG

Overall cohesive- total number of multi- total embedded- average embed-

Text assessment ness of paper  ple representations used ~ ness score dedness score GIR  GIA
Student 1 14 9 20 154 7.70 197 507
Student 2 15 9 11 84 7.64 119  42.64
Student 3 16 10 23 174 7.57 223 56.57
Student 4 12 10 15 122 8.13 159 4513
Student 5 14 10 28 228 8.14 280  60.14
mean of MEG 14.20 9.60 19.40 152.40 7.84 195.60 51.04
mean of experimental group 9.02 7.37 11.54 64.66 6.22 92.60 34.15
ol olsist7]o 7] wEoletal et W=7t 7 U5 /= kgt A 2ol digh 2ol tisiA ek 1)
wortH(Case 1), Hol A 2w EESAL LALS] SR, B A Bhet 2247

2%, WA 52 B34 O ATHL HEHtHCase 2).

<Case 1>
Student 7: Axlo| 2= FraIZAel MoW S22 wolx m2| e
o, ZEs A =0l & Sojen. 220 Hom FHH 2o Student 1: T35 HiR X2 U0e U7| | E¥stHHE J7E 1
F& 2oIX] 227 A& ¢{ojof st 17! #2 A= Halof 2l= Al E2Unt 2d WutMollM 9—*_ AFSOoILL O2E 2k
oz 37| o olsie EX 2/R7|= E0tM HBISI7LE OfLI™ LH7} 2iZtsli71m ofAIE S047t30 JZIch7AL..
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(WAL T ®E36HH ECh= 74 O{C|A B2 7{0F?) Eist=
A E£ct= A MEHO| IIEMFN=HR. SWHE e S20t
M =2 A Eot J8S =2 Al 4 E7] €1, 2XE A= A
HCh O § Woto

Student 4: WIAO| LIQ= OZIO|LE MALIO| MOos A=
7{ 33 HHN TOo| REL|C

Student 5: MAMUIO| ZHASH =AML OH. OH,. B0 £ o
QUTOIR. (A} - Of. 22| SWH sH7tX|0 E0M £ mf?) Wl 3.
I g O =22 M= AEC B2 M= A & o g it
23 J3U7t O s E2 M1,

—

chg AF] Atol ek Aol ofsl7} 412 Wk of
ol et 7] 710le] B8-S 73 F0lE
gk gehgk(Case 3).

<Case 3>

Student 3: 220t |0 Q= Zi0]| H|si T2l0] & o @2 L
X| <27 M2
Student 1: ¢{7| Mof| O2&l0| Qo™ Sn|7F MI|IHESR.

= 7 A|5H A th(Case 4).

<Case 4>

Student 4: OfRIE B4 Zt2 Zie= TJ2I0|Z H|LEHH| 22 M= A

Lt 323 Jals A 2ok o ARSI 2 2 oLt B2 A 2o

Student 5: S IR AFEIo=Z QUEOIR. AlEloZ WofA
=l

3 Zolct 27t 4 Z2 HE HolECE

CHS EAIS RIAIGIZOLE D0 et Mol BE3 I8
(multiple representations without explanation group, MG)

o] gl £3H= 399 A ThE B Bk WSS
A EE T ok 2247] B B9 A koA Y
A AR B RS v La s ohE B 50} F
e AR B8 Wk A Hok A ook o 3

oA BEuch e A4S A0 YehgrthTuble 9)
o BE gk Bt A2 A
S

i g

o] g s BHy
oz mot g FAol o3t A
Sk Q4 B7H R A Hhe o
A0 Wol BAe} TRyt o) AL HE APt

Table 8. Student’s summary writing score in MG
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<Case 5>

(interview—student 8)

Teacher: J8 2IFE =0 JHE.(FE) SM40| & olsiE
UST?

Student 8: S.. 2.. HZl &
71 ZOotA

Teacher: JETICZ U7} W32 HHS HEHE MY & &+
AE 7 Zcta?

Student 8: O}L|R, 771 OfL|1

Teacher: Jd2{H 27t & F717F E|0{0F &t?

Student 8: 0| SIAMEVI BE Q0|st=X| OHE M2 Holle.
Teacher: |7} otMe 0|Q% &h|?

Student 8: Of, O{EH| MH. {EA O|7E =00} &X| =t
peNind

Moluzt 2Hch= T80l H LIS

CIE EAL| HAIZI &6t MY fIFo 22T M
7|2 €} J1& (explanation only group, EG)

o] A&7l &38h= 389 A v A B A+E
A EY ok W7F 2247] 371 619 aaoA A
Ak A B3} vadlS o 257 57, 3 357t
W oot A Bt Aaee o Zash ik 49
=, 7N ot A Aol A ok FH(GTR) 9 B+t
FH(GTA) M= AT AA] FF Bt Jert @

£ J
[T o

Text assess- Overall cohesive- total number of multiple rep- total embed- average embedded- GIR GTA

ment ness of paper resentations used dedness score ness score
Student 6 14 6 22 104 4.73 146 46.73
Student 7 6 6 10 40 4.00 62 26
Student 8 6 9 24 101 421 140 43.21
mean of MG 8.67 7.00 18.67 81.67 4.31 116 38.65
mean of experimental group 9.02 7.37 11.54 64.66 6.22 92.60 34.15
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Table 9. Student’s summary writing score in EG

L
ox
ok

T

129
)
i

Text assess- Overall cohesive- total number of multiple total embedded- average embed-

GIR GTA

ment ness of paper representations used ness score  dedness score
Student 9 16 9 9 72 8 106 42
Student 10 15 8 9 67 7.44 99 3944
Student 11 10 7 4 26 6.5 47 275
mean of EG 13.67 8.00 7.33 55.00 731 84.00 3631
mean of experimental group 12.37 7.34 11.54 64.66 6.22 9591 3747
SHAANE s d-& drstr] A o 2 e A digt ofsfizh Add s ojorstt) o] & 98 A9 e
B HEel I8, &, i S e ohddt Ao wge|al gefshs B A FEEHE WS TFEL
A& AH8sh= Aol Frhal skt Edad Ye&EL AAL 5 Ak
Agzto] WastEal o EEe RS =oE ] A
~Case & Aele] el REo|A WA o] o] 2 ATk Akt A}
gtr:z;vnlfgz_s_if;ﬁnt’;éLElE HE ofm (B2 agoz qz| o olMME Sl A ) defd. 5o w4
o 22 ZH2 90| JMEXE 2T 3 XAE AT E o g 227 &5 A F, A7) 29 Y ZAE A4
fRg= S 8 | 41 ASsic SUUE 32 BOM| o o) 2 2ASL SHEAof A5 Ef e el 4
Teacher: BIECH ah= A Tale &M Rl sop ojs | /1S THE AR W) Bo=M e 2elgel 2
1 igg Jgez mske A Fsche Ao < Wde B oy AstgleAle] det dit=s
Student S;:éLED'OZLEIE SN glZl elx|et 2 Echs E95t 2 30|32 gl o o] 2 By 2o 2&u} 1A= &
SRR Hs17] SI3) chA W U8 A4 shofet T of
(interview—student 11) ot A2 2ERE =97} o| RO X] &= SHFEE AR
e o = 28R 1S SRR GBS A E) - whmso] veha o §3 P Al e B
Teacher: 1 STt 71, STEE? Lk EeGI0] ECHe 108 HA A8d ARSE odfstal FEEI AoldS
Student 11: M7t E35t717k J2|1 OEAl J2joF gXIg | FHA oGA At dERl=Ald HE WHe
= o3l 4= gl L A Sl ¥ HEHT A4 9l
© 3o g REES ¢ 55 AT 5 s
4 B Aoz welth
A Tet F247] ol o Y ES Al A
o] Ao A= g4 H Fa7] 5ol TS = 7+ G310 7 ADsly] QEA] WA} sk Yee
2710 A UEhd oF Fgel v = 4F R Eol F wge) grxo] gaksln A4 9 E3E deE o
%t st S oS Aol tie A& Lotz 5t oFslA mask= 2o Wa AL olAlEkT 9},
At ohg HAHE ol o A e W] AN T S EL
T et 2247) Ee2 JF AR A A of vl th3 ;Ao o] thEt o14L ugo m YajAlo] =
Spdsel Adshs summary writingell A AHALS) AAE o o ware BeetAT o BHE A 2
F@sh] Sl chekdt HHES AAEsHA AlAskaL A2 Bl SIS wal thE TAF AFLo] giat W aAde 014
AL FBH| k=t o mabAQl AR YERRi 3t QloLt ZpAlo] bl Qi RS ThE HAS ALR
T Aot 2247] FeE AolS WiIHRE Sk =00t g ygys wie meEAY oE B4 27 2
FA7)5 A2 shy 2ROt RIS A o) » o148l m Q)R] ko gl
= HAolA S =28 F8 A== AHsAY o FAF AFRo| A= A F sl o B4
A AL =43 SAAE A s oF . S S0l Ago] o] giat sFYS0] 7L o]FE =L 2 9}
=0 Bl RIFH o2 g s = 42 FAYS2 5ho L Aolt} o] 2 93] s So] thE BARS AFLElHA] Bt
o ° &elHolal BeR 222 Welr] A8 el 7] Qe A= thE FAYo] 7R Emabo] ths A A <l
A Bl A5 e AES 2% sHYEo] = QA T} FH TFF EAFS AL 4 9l 7|30 Al
<l st wm og B AHgehs Wl B shsolu A9
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