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ABSTRACT

The purpose of this study is to analyze the niche overlap and proximity of photosynthetic
domain concepts according to the cognitive level of middle school students. For this,
the subjects were 204 7th grade students. The cognitive level of middle school students
was classified using the questionnaire used in GALT. After that, data on the concept
relevance score and understanding level were collected using the concept relevance and

‘ understanding level questionnaire. The understanding level analysis framework and
'.) analyzed using the classification criteria modified and supplemented by Lim et al. The niche
C:‘Jrgg:akt;‘gr overlap of concepts was visualized using McPherson's square method using the concept

relevance score and understanding level score, and the proximity between concepts was
visualized using the multidimensional scaling method. The results of this study are as
follows. First, students in the formal operational stage recognized science concepts closely
as a result of learning, and the niche overlap between science concepts was high. Second,
even after learning, niche overlap and proximity between concepts unrelated to the domain
were presented, which differed according to cognitive levels. Third, the same concept had
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Introduction

SPYEolA 2eke] 7] 7 E olsiA 7l A2 et ws0] 2 B8 F shuolct shsAk= 7 &
& Aol 7HEE 7He] BR8-S oA M2 7idS EH4 & osfstA| ETh(Southerland et al., 2006). 7'
2 @50 = EAsk= Zo] otz /iEE 7He] BAIE W Q7] wiZell ehEAke] 7d & A=stA olshst
7] Q)M Sh&Ake] 7HE Al (conceptual ecology) S 0|31 e .27} Q) ThPark & Lee, 2007). 7Hid AJeqt 71
dat7iR1e) 2|4 2 7k WAE ofm|gtet. 7iiE AJelol] Tt ofsiE Bl e8] ZHAIA H 7d 2] ui
73 ARl ofsfistal, &2 7ol SHYE2] A4 2 rte] vAIE Fof e5EHthe Al AAlskL At
(Demastes et al., 1995).

YE0] ARk U= NEES FHA o= EAllohe Zlo] ofuzt v 7iE & 7he] WS /g of
oA Y52 A$E 7HA1 1L lt &, 28} 7HE-2 52 7l AJEl Uiol| A Al Z] 9] (ecological niche)
£ 2|5 A ErEsiugity., o]of sHEEo] A1 7 2] AJEiA 291 & metshs A2 7l ¥} ek 1
of] =-20] = 4= 9tkSong & Chung, 2001). THA] Zal| 14=-3H50]) 9lo] SHAS0] B9a1al Q1= 7l AJElQ]
E4= oofeta, 1Este A2 Mz 7iEE E 50170l oj3f2 84E glolee =T o avb4d
2 ohde} 7iige] 7kardol e 7 WEt el Rlo] =25 & 4 = Ao th(Park, 2002; Southerland et
al., 2006).

A 2] 9} o' 2ol L A= Z-5A QrollA ZFA[staL Gl 3] ©el &2 7o) Hrt. o] gk A
A Z)9)= et Fof eloll e B2 TRt 2opollA] A WAl o= 851 it ol & S0 nHAI" 2ok
(Milne & Mason, 1989), &€ 4-2] AJelZ] 2] 2] (Newsome et al., 2007), 2] AJE}SHHong et al., 2021) 5 T
Sh-Zofoll A AEA 2|9 70 d & E-8-5tof Fskal ek

Y5t w8 HofojjA= A2k} 7l (Jang & Kim, 2017; Jang & Kim, 2019; Jeong & Kim, 2011; Ko & Kim,
2016; Lim et al,, 2013)7} 3}5F 2! 2] 7Hd(Park & Lee, 2007; Weber et al., 1989)0]] th$t AJEfA 2|9 E &g
Sk A7} o] FoiFlt}. o] & Aol whE 7l g ] AJeiA A1) S5 2 7i1E 7F 2340l ek AH(Lim et al.,
2014)7} o] FofFltt. opA| Rt o] & A8l Aol A= shEAF EAdoll w2 7Hid of el Z] 9ol thaAf = 4]
o] o] R0z 2] gkt

SHH, st5Ate] 47 FollA 7IiE E5at 1ehd Abarel| 71 g2 JFE vlA AL Qe A 59 ot} 8
=9 Q17| =Folth(Kim etal., 2001). SHEE2] Q1A 20| SH5ate] Af/dol Tat A== Q1A =32
I} Wf-8-7+2] THA|(Choi & Hur, 1987), 3h<5 A 2F 72 (Kang et al., 1998), SH&AF #1Q1 4 (Kim et al., 2001), 2+

L
ok

r

al

g} ek5 7lg el =% 24 (Shim etal,, 2002), 7HE 4 H AA 4 (Kim, 2017), 2H} 22] -8 2 40} Ql
A 3 24 (Shin & Kang, 2021) 5- 2= Tttt o] x5 W2 M ArollA] g5ake] 14| 32 71
= S50k Aol Y pIRITAL FSEAL Ut olofl 7HE & e5ohe A S, 7iE S QIAISHL, 7
£ 7He] HAIE Hdsh= 7ilE e el R 9ol eEAke] /IA] o] FFE n|E Aolgt g2 4= Utk
olol] &5} QIA] ol w2 7 F 2] Al 2|91 & A H /o] A7 | €.

e ol 712Hl A P BUUAE olslely] g 7R delng 1 Fewskule
ChDimee & Strgar, 2017), FEAS of2] NS 7Ho] AAR o] Zoj7l BEAQl et A2 sHYSo]
oJafjof| o232 7.2 H(Marmaroti & Galanopoulou, 2006; Riemeier & Gropengiefer, 2008; Yenilmez & Tekkaya
2006), 2711'do] 47171 412 7igelnt. ojof] gt dol] et Al =2 Fol/d 7dell tht olsH(Griffard
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& Wandersee 2001; Krall et al., 2009) S $4] 0 2 o] Foj &} Tk 33Hd 7Hd 9] 2|9 F-E(Jang & Kim, 2017;
Jeong & Kim, 2011; Lee & Kim, 2012; Lim et al., 2015)°1] th$t A% XY= it T2jL} o] & A4t5 JA| &
to] B2 efsiA etk

b & Ao ats ZEYe) Q17 ol k2 A Tl HE 5] el A9 EAskct i
o] el 2| 9= 7ide] A19] SEI} 7E 7 2 wiskE 1 Reiglc) A He B A, Ee
24,44 84, 281 3ol YT A B Q10 2 TR 2 AFS 5o QA] o] )
23494 Yool tigt i) A= Bk A|AIE 4= 912 Aozt 7] gt
Research Methodology
Participants

ATLHARE D A, T AL, G 2 K 7 24 67112] Z8h £ 197]19] 3H3ol 64082 thAko & 5fich A

/ol Al Aol Ao 52 gl jg Argstar, Fojol Solot HYES t/d ez 75 Uit
€ ATl A & A= AABI U 7E e/ 9 ofsl 4 ZARA ol oAl = At
st o242 Foluat JoS FARA o2 AASI 1 A ATaldE2 R G ol st At
< MRStk o gAl -3 AR FollA] A £F A, 7 E H/d B olsl & A & shdeke
RIZko] AU 7 olsl 422t Tl M5 BAlol 7ok 2 43672 Aaks Al 2048-& T
O = FAo] o] FofFlth o] 52 FAIA Q= FAA] Al FSY 94, o151 327, Al Al EEHAY 217,
a7 gehy 357, o348 2270 3k

S~

Questionnaire

Concept Relevance and Understanding Level Questionnaire

off

M-S0l AAISHAL = B o 7ig S o] WA olsl) =2 S5k fIgt AARIE st

= -
Aok AARR = AAE Z3d 7 7He] wE =g 4[5k A4 1300 22 EASHE SIgit. 12
1 7+ @gAof| Tt ofsf] = Lok 7] ffsl S-S0l Ll Q= wEHA A Al Y7k 2o = Aok
= ok

2] Fed F92 Limetal (2012)2] AYATE v O = Fd A4, e 54, 44 24, 18
ol Y= nlA= & 8Rle g BRI Z-2ke] G| AR 7id2 A8 AH(Lee & Kim,
2012; Limetal., 2015)2 HFEFO 2 7k} 5871 9] 7]\d-S A A5 ThTable 1).

Table 1. Concepts by domain related to photosynthesis unit

Domains Concepts

Place of photosynthesis guard cell, H,O, chloroplast, CO,, leaf, palisade parenchyma, spongy parenchyma, light
Products of photosynthesis H,0, O,, chloroplast, CO,, light

Reactants of photosynthesis starch, H,0, O,, CO,, glucose, light

environmental factors H,0, light intensity, O,, temperature, CO,, light
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GALT (The Group Assessment of Logical Thinking)

Q12| 422 ZAAFA| = Roadrangka et al. (1983)0114] -85 AANELE HZE =] H|g| =] Hol B4 =g,
shg g, 4P =8, 23 =e)2 TAEo] Itk 2 =eEE o F 128go s T4} glo
L0 A2t S 20l G0l 5, 11122 7 BE 7 9.) 48 JIAkshes sk gick )
FE] FAARI QIR 422 Table 29} 2.

Table 2. Composition of participants by cognitive stage of development

Domains Stage

Concrete operational Transitional Formal operational Total
Place of photosynthesis 96 77 16 189
Products of photosynthesis 94 76 24 194
Reactants of photosynthesis 86 64 22 172
environmental factors 92 47 28 167

Framework of Understanding Level

o|alj4== BA] E-2 Simpson & Marek(1988)°] 7HEHS11L, Lim et al. (2012)°0] 74 4 kst B27|&2S &
a3l sHE0] ol Sl doj= &3t 7id2 ZHIE ©]5f|(Sound Understanding, SU), F-224] ¢l °]5H
(Partial Understanding, PU), 24 o|a|E X 3}5l= F-E4 o|dl|(Partial Understanding with Misunderstanding,
PM), 23] ZHEH 0]5}(Complete Misunderstanding, CM) 12| 21 F-3-H(No Response, NP)2] 57} 2 125}
Aok 7iEHE ofsl| =7 B4 E2 Wetu S E7F 61T Y=l AR 1910)A] W8 B =S ol =S
A7} 519 F=2 BFgEw 0.83~0.86°] AT

Data Analysis
Data Collection and Data Analysis
A GALTA|E °]-g-5tf agE2 °d7<l TE= AL eH, i ERAd Bl olsliE HAAIE 0185
of 7Hige) Bty 4ok olsl 4-F) BEHARRE S UBIk AAHE UA) £ ks st mALe] 71
= o) Way=ioik
GALTA| S ]88t 59 Q1A 4—% HAbs FE e AlAs P7l 1401] A=A A
R A2 AFSO Aof 2580

%“é‘ 4 Q1] 20| thoh A= 1~108171A] = A & o2} o] g7} ET 2k 749 14, 11 29
= 022 3o, 11~12812 HE A E AAISH 2 14, 1 9]0 49+= 0802 51Tt o] 12
N =& 5 U2 77471 ofobH Al A 22 TA|, 5~77HH THE 7], 8~127HH A1 A 22 A = SLEst

A
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Visualization

Nael 219 S5 7id o] i 49k olsl 4-F 45 ©1-85H°f McPherson (1983)2] AHH%
A Z2tst3ltt ol 18l Excel T2 S B-g5t0] X523 24F 99 7id o] Hdd 7éi—*r-(x)c’ g
T EFUA @ — s, T+ 5,5 HEIAAL YE2 719 ol8) 22 H4(y)2l Hat 2284
Ol H(y — sy, ¥+ 8,)5 HEFHATHJeong & Kim, 2011).

Mg 7he] 2342 A= S 28aiglth ol £ et 7l Bl A dee A &
PASW Statistics 18 T2 1340] AFHEA = A] M2 o] g3l0] §-2]t]ot Ag) 2 gt g2l tieh 7
2|2 212 2 5}0] PASW Statistics 18 T2 120 X 1= 2 thx} ALSCAL =S 0| &5}0] Q1A =2 2H
AT ThAH A= ZAR 2 ZAF el BAIE Shube] 1A] ol Urehul= R o thRichardson, 1938). ©1&
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Fig. 1. Niche overlap of concepts on ‘place of photosynthesis’ by cognitive level
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Fig. 2. Niche overlap of concepts on ‘reactants of photosynthesis’ by cognitive level
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Fig. 3. Niche overlap of concepts on ‘products of photosynthesis’ by cognitive level
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