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Analysis on the Change of Niche Overlap of Elementary School
Students’ Photosynthesis Concepts through Instruction
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(Kyungpook National University) - (Jeju National Universityf

ABSTRACT

Conception in learner's cognitive structure has a niche as species in ecosystems. The purpose of this study
is to analyze the change of niche overlap of photosynthesis concept through instruction. The photosynthesis
concepts were selected from literature review. Selected concepts were in 4 areas: Location of photosynthesis,
reactants, products, and environmental factors. The subjects consisted 304 elementary students. The respondent
marked the relevance between the presented concepts and each area on a scale of 1~30 points. The analysis of
niche overlap in concepts was performed by changing in niche overlap graph, niche space size, and overlap index
before and after instruction. The results are as follows. First, on the whole understanding level and relevance
of the scientific concepts was increased through instruction as a result of learning. Second, elementary school
students cognitive concepts in the form of chunking concepts through classification process. Based on the results,
this study has the following suggestion. Students’ conceptual ecologies and niche analyzed by this study will
be used as material for development of instruction strategy.
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Table 1. Selected concepts in areas of photosynthesis

Area Selected concept

Location of

photosynthesis Root, stem, water, leaf, sunny place, plant

Reactants of

. Ox il, air, carbon dioxide, water, light
photosynthesis yaen, sol, ai, oxide, watc, light
Carbon dioxide, water, leaf, starch,

nutrient, oxygen

Products of
photosynthesis

Environmental factors ~ Water, light, oxygen, carbon dioxide
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Table 2. Classification framework for the levels of under-

standing on ‘stem’ concept

Level Sub-level Concept type

SU SU1 Support plants, move nutrient through vessel
PU1 Move nutrient
PU pU2 Support plants

PU3 Exists vessel

M PM1 Do not photosynthesize
PM2 Attached leaves and move water

CM1 Absorb the nutrient through stem
cM2 Attached leaves
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Table 3. Examples of overlap index between two concepts
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Fig. 1. Change of niche overlap graph of concepts on ‘location of photosynthesis’ through the instruction
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Table 5. Niche overlap index between concepts of ‘location of photosynthesis’ through the instruction

Leaf Water Stem Root Sunny place Plant
Leaf 0.731 0.593 0.524 0.901 0.865
Water 0.856 0.821 0.718 1.055 0.621
Stem 0.661 0.781 0.811 0.768 0.600
a. Pre-test
Root 0.571 0.668 0.793 0.662 0.514
Sunny place 0.850 0.770 0.650 0.574 0.848
Plant 0.926 0.568 0.577 0.506 0.962
Leaf 0.737 0.476 0.475 0.701 0.846
Water 0.633 0.655 0.605 0.951 0.879
Stem 0.446 0.713 0.777 0.639 0.698
b. Post-test
Root 0.473 0.700 0.827 0.703 0.686
Sunny place 0.573 0.904 0.559 0.578 0.795

Plant 0.556 0.672 0.491 0.453 0.639
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Fig. 2 Change of niche overlap graph of concepts on ‘reactants of photosynthesis’ through the instruction
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Table 6. Change of niche space size of concepts on ‘reactants
of photosynthesis’ through the instruction

Differences of

Concepts Pre-test Post-test niche space size
Light 3218 5.676 2458
Water 2.577 3.944 1.367

Air 3.439 3.698 0.259

Oxygen 3.817 4.167 0.350

Soil 3.149 3.735 0.586
Carbon dioxide 4.676 5.754 1.078
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Table 7. Niche overlap index between concepts of ‘reactants of photosynthesis’ through the instruction

Light Water Air Oxygen Soil Carbon dioxide
Light 0.501 0.667 0.539 0.401 0.178
Water 0.625 0.724 0.883 0.769 0.534
Air 0.624 0.543 0.649 0.578 0.427
a. Pre-test
Oxygen 0.455 0.596 0.585 0.806 0.679
Soil 0.410 0.629 0.631 0.977 0.745
Carbon dioxide 0.122 0.294 0314 0.555 0.502
Light 0.560 0.435 0.340 0.327 0.421
Water 0.806 0.771 0.655 0.618 0.724
Air 0.668 0.822 0.748 0.673 0.805
b. Post-test
Oxygen 0.463 0.621 0.664 0.822 0.974
Soil 0.497 0.652 0.666 0.917 0.922
Carbon dioxide 0.415 0.496 0.517 0.705 0.599
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Fig. 3. Change of niche overlap graph of concepts on ‘products of photosynthesis’ through the instruction
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Table 9. Niche overlap index between concepts of ‘products of photosynthesis’ through the instruction

Leaf Oxygen Nutrient Starch Water Carbon dioxide
Leaf 0.713 0.486 0.146 0.401 0.553
Oxygen 0.858 0.678 0.126 0.583 0.561
Nutrient 0.788 0.913 0.197 0.600 0.667
a. Pre-test
Starch 0.237 0.170 0.198 0.046 0.481
Water 0.730 0.882 0.673 0.052 0.515
Carbon dioxide 0.670 0.565 0.499 0.359 0.343
Leaf 0.513 0.524 0.988 0.658 0.556
Oxygen 0.467 0.655 0.540 0.755 0.950
Nutrient 0.650 0.891 0.754 1.000 0.926
b. Post-test
Starch 0.839 0.503 0.611 0.637 0.543
Water 0.625 0.786 0.766 0.712 0.870

Carbon dioxide 0.476 0.893 0.640 0.547 0.786
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Fig. 4. Change of niche overlap graph of concepts on ‘environmental factors’ through the instruction



82 XSH5WS X34 H13, pp. 72~85 (2015)

Kim, 2011)= Q72 3¢} dX et 232, F34
FoEAdRE AE F2o 7l L7
B AAIRE e AT ddEo] s Aol

}i?l G99 Jide] AA| et A ¢
W3l Table 103 2o} 43} <&
o A9l ge] A7k 2 A5 Fol B A
o Blg| A Uehdth ol tE g ]OH
ot < Eo] s el gAEe] thakd ¢
Ari AL ojn|dit) Eal A 9] FH zaﬂn
A 2 A Fe] 29 75 TolA B
e ids Awaly] st Qo] Fx9} 7
= A 7] e, F3 83
‘I #wEAo] JAASHA € At A7t
Tk B hde] e A A Y ¥
S0h b 2 el & o)k A9
A= 0 RO S ) 3 74 e I ) B R 1
sEdz Ay 5 AAsta 7] o

y7rE,

L

olf 1:01’ 32 mlo
>,

K
N
°*o{x§r
HUm&alJ}EAQ—VLml

Mo
(o

3) 5 XF

Table 10. Change of niche space size of concepts on
‘environmental factors’ through the instruction

Differences of

Concepts Pre-test Post-test niche space size
Light 5.881 6.019 0.138
Water 5.305 6.741 1.436
Oxygen 5.189 5.194 0.005

Carbon dioxide 4.634 6.031 1.397
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Table 11. Niche overlap index between concepts of ‘environmental factors’ through the instruction

Light Water Oxygen Carbon dioxide
Light 0.694 0.510 0.248
Water 0.769 0.769 0.433
a. Pre-test
Oxygen 0.578 0.786 0.626
Carbon dioxide 0.314 0.496 0.701
Light 0.877 0.409 0.358
Water 0.783 0.516 0.464
b. Post-test
Oxygen 0.473 0.670 0.863
Carbon dioxide 0.358 0.518 0.744




o q%

ok (

o 32
o+
2,
)

iy}
i)
5=
(i
ox
o
o,
=oé

o, N

=

..“b‘oﬁ,

30
50
T
o
ofy
4
kS
i)

fil
-9,
32,
o
g oL
[
ofy
2,

oY & _lg M
ST

ool o
v
oL ﬂl’r

(T
o,
&)
i
oX,
Mox
s

g
<
=C>l=4

lo,
ofN
N
N o

0
9, o

Ho X
T

_>‘4_|1
>
ofs
LK

5 I
N
o
v
ful
e

o rlo o
)
Jhu
__>‘4—"1
o

}‘>’ rJ
o2 M
12 ox

=2
Rl
corr
HS

=1

offt 7T .

o2

oL O& _13
e
oM,

ko

o
=
o
st

%

Iy
off
N f

ox, mﬂ rlo =2

oz fo
ox, Mg

o W mX
o x

rr

g

Tl ook i LR
¢

1-> o % of of 2 (|f X

o 3
o,
i

Ir

Sz

M
A
=
o

lﬂ

= o g
3

o o2
18
=2

(
==

ol g

OIOM olE
N el oﬂ%}
7t Aol gk %
o] gAEon, 1

491 Ao v 4 T MdEe
A= olFsFAT T3 o] & H3HA i
30 qildoz Sopla, Az e A
Z Yehytth ol 5o A3 #H3Hy d s
A9 5L =olA|H (Ko, 2014), ol /M 3t A
gl A2 7R tHLim, 2014)E A8 de] A
o} JuldEste upelth

S el digk AVid & 73 9, o]

el °é R Ch »}E}wu} Pz

ol
flo
N
N,
o
12

rlr
pak
o
HU o

of
%\r
d n:f; rr

I
(e}
trﬁLE
B D = v A )

1%
Y
=
ot
L g
o
%
o do B 2 ox &

do o 4y
.
=
|

T omy
_%":l‘
IA
S
LO{N

mS
X o

2,

0

53 232 olold Su
L deR Z]—ﬂ e(Jeong & Kim, 2011)<
Q). ol 54 Ao ol em d el &
=7t =% the A8 AH(Jeong & Kim, 2011; K

2014)9} 25t wHE g5 e 7H%§‘%°ﬂ
Wal U, A%, B Aolel BAE Aoz

ru,‘Z ot

2 ox A

A Atk A3 AH(Chung et al., 2005)$F 22 =
gow B 2 9.

53] %’%“3 e G dg AdeEs vE 4
o] g Eel Hlal tha EHetA QAAet= AL
2 Ueisith B8 A GGl dig g Esol
T Fo BT olsfFEe] Hoba, THE
Aite 2] dAH R 4 F Ui A9 T3t
o] A7|7F EAE 3}‘;} ol #HA T ola ol
R FAlO o, B, 7], e, FAY iR

o Jikel Kig| 3% w8 B4 040

8

w

oy

ot AlOjZ - 2

= o "dbo

>

9] Jldo| A BAEQ] QAe Ay} FoJE RO
2, 3 A g gk MEdEe dhgol
T JodHtt 53] o]Fo|H —(Chung & Kang,
1998; Jun & Hur, 191)S & 4 Qlt}

u | BEA] A e xﬂg 3k Yz 94
dAe BE AGEY £ F9 A9 ¥ 2
717F 718 Ao g2 YEyt ol FaAdd o

@ oI% Rl dg g a2l

%ﬁ%é‘ A i‘% ?Oﬂ ‘Olﬁi}%i’iﬂr
‘Fol ¥ #dA w2 Jidoleta e, B9
A RARER Gl e AtiHT co]ibleka
7b o #dAo] £ Ade® Ql

a8l gg Fof olASEAE AT NEE
78 7R aeln B 298A gd

I AR EE FAoA Abae} o] ibsterae] A
A B3 2717 AR D, AL AN=E 99
oA ARae} o] dstera Tt 7 ATk o] 2 gt
AL B3 doEd A colilsier
&, B BAAEL dgolM e Aty 7 o
o UelA dd 95 AA A RS B
Tt &, o5 JdE wEste] QAEHA] Rett
= A& on|si, 53] maA ] o] pkshghar o}
AR7E AAIE A @Sk wiEel ol e A4
VA7l AR 58 & AUk T3 FEA Y
ZF g gk I EL Y Fol= A&H
2 ZAehe AoR Hol, ede 44 AR
Fethe A 1 F sk ol 7499 2
o}, F3Ado] Uizt e o] EA3laL(Hazer

&
Prosser 1994; Lim et al., 2012), A AFMR|A] &
ETHChung & Kang, 1998)= A& A Aol o
2] 3},

ABNA S5 B4 7 ool g A
o A9 FEg Qolrsirh %19 A, 7 A
Kolg] A9 FEe AgtE AL S A

P
B
il
i
=
ol
tjn
i)
ox
fol
i)
o ofo
[0
oftl
ggl
3
IS
)
o
il

=
A7k NSRS B 5 9k ol oo #
gt AP ATFE(Hewson & Hewson, 1984; Jeong &
Kim, 2011; Kang & Lee, 2001; Ko, 2014; Lim et al.,
2011; Southerland et al., 2006; Strike & Posner, 1992;
Yeo et al., 2011)2} HetS A sk Qlth



84 =SuEtue M4 H1S, pp. 72~85 (2015)

o] A= FPAdl el 2%
Pa_g %%L/\é A~ HoEA /\g
G WoellA 7idel A9 e85 W
o] At gt
SAlA FEAE gl o
g S A EY 729 e e
T, 72 9 W e #a8F olsfr
Ho g zolfltt <9, Hma e 1
< de] AR ofslE Y A= HE A
ol Hlal w3ken, gEe] A ste 7o A
A5 onlet= Jid e A9 F3F 27)7F 253
oh =3 3ty NEdEe 7Y $ol A9 5
o] A7 L 2F A2 o]Fdto gl A
7F U9eE BT gt
=7, FES 7 Al A OFe ANdE
fE3kste] shte] ©ol 7l (chunking concepts)
o7 At Y Ao Yehdt) B3 Fa

1%
Rl
()
e
L

o=

oX,
d
sy

o
il
i
e

0,

30 to o
¢

o T on
o

RIS

i)
f
rlo
i)
o
|
my
i
P
=
oL (Z ok, dlo

of X2 o

=
_?i«l
-9
N

N
-
ofd
ox.
o

7

A% FN
o
4
= o)y

2
=

o

AN E QT P, B BB o
A st Bol, B4 AYEA 99dE

VAT EEFa FAEY AR o 54
AR FHY AdEel 1E] AH A9E A
3 gom, g4S %ol o5 Ad Ald 45

JelA Adsel A9 7
2918 5 99tk B o
FE3hstel Ak ek
< AN QoiA] el
A9 Agst A9 el e A7 4§92

e

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

Chung, H., Park, H., Lim, Y., & Kim, J. (2005). The
analysis of the connection of the terms and the inquiry

about the photosynthesis in the middle and high school
science textbooks by the 7th curriculum. The Korean
Journal of Biology Education, 33(2), 196-208.

Chung, Y. & Kang, K. (1998). Students’ understanding of
photosynthesis and an analysis of their misconceptions.
The Korean Journal of Biological Education, 26(1),
1-7.

Demaster, S., Good, R., & Peebles, P. (1995). Students’
conceptual ecologies and the process of conceptual
change in evolution. Science Education, 79(6), 637-666.

Disessa, A. (2002). Why “conceptual ecology” is a good
idea. In M. Limon & L. Mason (Eds), Reconsidering
conceptual change: Issues in theory and practice.
Netherlands: Kluwer.

Han, J. & Park, C. (2001). Niche overlap of social spare:
Duality of individuals and groups. The Korean Asso-
ciation for Survey Research, 2(1), 109-127.

Hannan, M. T. & Freeman, J. (1977). The population
ecology of organizations. American Journal of Sociology,
82(5), 929-964.

Hazer, E. & Prosser, M. (1994). First year university
students’ understanding of photosynthesis, their study
strategies & learning context. The American Biology
Teacher, 56(5), 274-279.

Hewson, P. W. & Hewson, M. G. A. B. (1984). The role
of conceptual conflict in conceptual change and the
design of science instruction. Instructional Science, 13,
1-13.

Jeong, J. & Kim, Y. (2011). An approach of ecological
niche to analysis of recognition of 5th grade elementary
students for conception of photosynthesis. Journal of
the Korean Association for Science Education, 31(4),
513-527.

Jonassen, D. & Land, S. (Eds.). (2012). Theoretical foun-
dations of learning environments. 2nd Edition. New
York: Routledge.

Jun, T. & Hur, M. (1989). A study on the students’ con-
ception and misconception about phothsynthesis and
evolution. The Korean Society of Biology Education,
17(1), 1-14.

Kang, K. & Lee, S. (2001). A case study on interactional
characteristics of conceptual ecology in the context of
conceptual change. Journal of the Korean Association
for Science Education, 21(4), 745-756.

Kim, H. & Cho, Y. (2001). The effects of TWA (Teaching-
With-Analogies) model for the photosynthesis concept
learning in elementary science. Journal of the Korean
Association for Science Education, 21(2), 444-458.



©7=2) 254 S0 49 HE Y B

Kim, N. (2014). A study of the ecological composition of
Korean films in the 2000s by utilizing the concept of
‘niche’ of ecology. The Society of Modern Literary Theory,
56, 31-52.

Kim, Y., Kim, H., Sohn, J. & Jeong, J. (2009). An analysis
of strand map for instructional objectives on the 7th
curriculum in elementary and secondary biology. Jour-
nal of the Korean Association for Science Education,
29(6), 693-711.

Ko, H. (2014). Analysis of the niche overlap of concepts
in the nervous system after 9th grade class. Unpub-
lished master's thesis, Kyungpook National University.

Lim, S. (2014). Analysis of conceptual linkage errors of
cell division and development and application of tea-
ching-learning strategies based on semantic network
analysis. Unpublished doctoral dissertation, Kyungpook
National University.

Lim, S., Jeong, J. & Kim, Y. (2012). Analysis of concept’s
diversity and proximity for photosynthesis in grade 7
students. Journal of the Korean Association for Science
Education, 32(6), 1050-1062.

Lim, S., Song, H. & Jeong, J. (2011). Analysis of ecolo-
gical niche of in-service teachers and pre-service tea-
chers’ photosynthesis concepts. Secondary Education
Research, 59(3), 763-787.

Lim, S., Yoon, I. & Kim, Y. (2012) Analysis of level of
understanding of 7th and 8th grade students on pho-
tosynthesis concepts by curriculum revision. Biology
Education, 40(2), 179-194.

Marmaroti, P. & Galanopoulou, D. (2006). Pupils' under-
standing of photosynthesis: A questionnaire for the
simultaneous assessment of all aspects. International
Journal of Science Education, 28(4), 383-403.

McPherson, M. (1983). An ecology of affiliation. American
Sociological Review, 48(4), 519-532.

Posner, G., Strike, K., Hewson, P. & Gertzog, W. (1982).
Accommodation of a scientific conception: Toward a

B el K9l 5% ek B4 2500 2 MojZ - 2@ 85

theory of conceptual change. Science Education, 66(2),
211-227.

Simpson, W. D. & Marek, E. A. (1988). Understandings
and misconceptions of biology concepts held by stu-
dents attending small high schools and students attending
large high schools. Journal of Research in Science
Teaching, 25(5), 361-374.

Southerland, S. A., Johnston, A. & Sowell, S. (2006). De-
scribing teachers’ conceptual ecologies for the nature
of science. Science Education, 90(5), 874-906.

Stremke, S. & Koh, J (2010). Ecological concepts and
strategies with relevance to energy-concious spatial planning
and design. Environment and Planning B: Planning and
Design, 37, 518-532.

Strike, K. & Posner, G. (1992). A revisionist theory of
conceptual change. Retrieved September 21, 2014, from
http://www fisica.uniud.it/URDF/laurea/idifol/materiali/
g5/Posner%20et%20al.pdf.

Thorley, N. (1990). The role of the conceptual change
model in the interpretation of classroom interactions.
Unpublished doctoral thesis, University of Wisconsin-
Madison.

Toulmin, S. (1972). Human understanding: The collective
use and evolution of concepts. Oxford, UK: Clarendon
Press.

Waheed, T. & Lucas, A. (1992). Understanding interrelated
topics: Photosynthesis at age 14+. Journal of Biolo-
gical Education, 26(3), 193-199.

Yang, J. (2013). The psychological hierarchy appeared in
awareness of geographical concepts of elementary school
students: Focused on 'climate' and 'population’ concepts.
Unpublished doctoral thesis, Korea National University
of Education.

Yeo, C., Jeong, J., Lim, S. & Kim, Y. (2011). Analysis
of ecological niche in 9th graders’ genetic concepts
after instruction. Journal of the Korean Association for
Science Education, 31(5), 680-693.



