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ABSTRACT. The primary purpose of this study was to investigate high school students' conceptual understanding of density for
solids and liquids in pure and mixed substances who had preceded formal school science instruction on density and related topics.
A concept assessment on density was developed and administered by demonstrative experiments accompanied by a written assess-
ment test method to 120 general high school students in a metropolitan city. The scientific conceptions and alternative conceptions
from students' responses were identified and the percentages of them were calculated. Then, their alternative conceptions and
implicit theories on density were analyzed. About half of the students couldn't differentiate weight-volume-density and regarded
density as an innate property of matter. Furthermore, the greater the number of variables involved in an experimental condition of
the question, the more complicated and undifferentiated students' density concepts were. Students employed more improper variables
such as particle size, intermolecular distance, surface tension, polarity of the solvent, etc. in explaining counter-intuitive observa-
tions. The implications for school science instruction were discussed.

Keywords: Density, Alternative conception, Implicit theory

NE o} w0 2w o] gAY 47| WakA7]7] of it
1 B 3aha ek ol efst Aare Weet ) mge] o
oimio| =X 9 Ty O R EE R ER R R

cRoka Qoo o] S ool B AT, A Wal %l lolch. Spelke 7k ol2l Al Aol FAH 2|41 Aole] A
o BI ATEE FEHOE o ASYERTE Aolof o] Fel (49 TA Y Ho] Ho] 1 Fo| A4 e A S 45}
271744 A P e R a ApHon Aejst 4 o @ Algizzlo] Ba ekl 3 A u}k7IA| = Pozooh
e 744 A9 B A2E S olef 7hA S5 Gomez Crespo'i= o] @ik 2.0lo] sHYS ol A gloj Al thokat

N

-809-



Al Ao AR LEZ o2 71517 Ba|urs] A 2] o] &
(implicit theory) 2.2 2}2] 7+l QlojA| #8+4 AR =
ol2lgt ) o) 2ol 7|27 A WASS A&H o
AREBHA El= Zlofzhal she] AlE o Ao A5/ 9
loll diet A& Al sttt ol F 5 AR 4 &2 et
5 59 A FolM = g5k @912 Harst shute]
A AN ES B3] Beb4 AaLE AIsH ] wizef o
DAL 23t I sAPSo| RFAlQ] 9018 3shA] A
Yoz she s Fio) ook aeby AeA oS
A= WAL SIS E R TAER o]2ojA
AT olae Wast glom sHYEe] g2l 4
B2 A9 42 A RIS Est]ol 94 Sy Sl
7121 1|21 o] Fefol hste] ofsha Bt et

WEL YA Al ATE 8 75He FAFEel A el7] 1)

O

=]
-IH” _IR

:L

Hof|, S of] o] B A ke sfjof =7}, 18| 3L 32A4FA Q)
Na-& AGA SAIA O sh=7ko] A ellA] 1970 ] =
HHRLE] F125] B A7} o] Roj A gk WiEof gk A3
ALEL 1990 th7}R] T~95Hd SHYE-L thAFO & B Bt
Ao Urof it AL7F 5 Ao o, LA 4 22179}
42 227]7k EA = 0] Qi 41719 7~98hd BHY B B
g glo] Fol sl WA & Fapolu 5u o] grelet
o & olgjatEle Aol Yrka Bu= gk

2000t o] Ffel AR QA ZFolut A st
F& L AT BAT Ykl g7 d750] WA
e, o] AT AnpEol A ST HL 0910 AuA
o] Aol dekglol e, W oll A 71 viigh &
ol WS Rt EFetch A, Tela Q4 £ Ao
AAZEL w2 Aol s Zxlax Ealn], 052 A
9] - 57] 2 wglo] Wslsol A g stol o 24 §3F
2 0120 4 slche Ael9ich 41638 Fokm S o4
© 2 3w shyol B3k Ao A QX 22 g wste}
2 b of uhel §-9)514] 9¥rgke}. 279 9] 53
[SRa =i 33:51_4 Z3ln 18 SHEL Ao B 3 Y
39| 3ot 4 ol A1 Ak 217 ol
$50] 7 U 0218 WEAYS TS EF e A
0] 9121 (weight bias), 718} 2] 22 whgof A4 A1%| 4] ©] 71
42 ShdWR Fols1A] ehokit nRk7 A = %) 4lo) 3}

r
O

rlo

o =

A 22 Aol | A Y= FARBHACH ES Yol gt
=4 09 7hd 2189 9] F5ha 15PAES o= o
skl Tt AT A QA AH ] Y 84 Fo]
A SHA3E A4 bo], 18] 31 QAR A Al Kok ol
5717 8e1o] A siol o A 9L vl ek Aol

coleld AR AT ANE B B Aol At
Z3bloll EeeaHgel vl ol WAl Foka pek
T P SR DR A
A ehet o] ofw A 4450l 9=, el gt

>~ K

_IZi_\'ﬂ
_1

B 5
N

o
oz
_101’

1o rlr ot K
e =

K1

2

810 2019 - 7+

2

2o vl o T3t /)
w17 st

WEet =2Ante] E40] 5] tlid] EEEe| AL A}
3 4= 913, ¥l ol 2k g 0.2 AL gE]ofof sl g A
%5 Tstanha Ygol 7ot} w83ty o) e
53tz A0) W ol Tt U188 §lT ] Folah folw
53] 0] 914 ek mabA 2 Aol A )% oAl S

SRR EEEFERDIET:

flob OFO

o] W H 02 ALgHe WY 0.8 Bt Bt A
LA} A S So] BA| AR 2% TS B Al

<
|

HHE ool SUTHES BANA AN E ARS
Ao BAS S B DEAY PAETE A

stol Abg-shich.

274 4

i
|

o -'?-xﬂ

- =BT EFE A A2k A Q) W ieof o St
%—AAQHH%Q%%M%iﬂﬁﬂﬂ?

« =BT B A 31|k A F| o] W o et 1153t
AE2] ST GOl 22 ofHl AEo| YeTt?

W AR50 WEANEL 7t2x 77t A58 oy w
98P of A 23t WEA Y- LA S A oherhe A
Bk om0 o2 Wi slgol H]gt vl e
Aol i A& 8k7] giol ek AEel AT
E T2 @ o] Ao s B0l AU TAE EF
sh= A7NE =2 tieH AEE2 84 Yxrlg shsol
ol kit shlTh P grok Fa0] 7 o] ST YL
o] Ak A At ohu et W= ol it iE A el 3
ol A 2] 44 olal 7t REF Ao R a4 Hrt. mekA
gL o] Bttt AL S o] zFAl o] AT Fo
HEEA A S SABAY ol gl A= FehA A
S Aol A g A By Algsl 2lo] = <= gl

A, A=, A, 73] 52 AX A B o] EHolEof

g 23h] B A AR EYEA T St
Ay, 57, B3 A7) "olw BA|e] o] me) 1 A7)
ZHE R AN e = 5 0] ofo] dEprlvhar s A ¥stst
| e A7) Aol & 7tk Huje} s watsiA]
T Ao FA= ol sl Wzt A o] ofth &
A7F 7HE = ol J RS EA H= A olA] ArFolut A 7L
F7kobe A& ohy el e Ako] Bao| o Yo 3 A
X317 Bl Wshe Uo7 Wolth u]A 4 B AL & T
AnsHA Exo] L7tH o7 YT 7247ko] AZe 71
PR B2 ol A 9] AAER T E o]tk ARl
Yol st 7| A 02 A A oA ARt g0l
ol 3t YRS R o] o1 BAo| A g} 250l F5
SPYEo EH o R dap Hul-u e A S BE5)

Ao
==

‘I—Tl?

Journal of the Korean Chemical Society



£ A ol G TN ol YOGS IR FAS RE U 932 0T BAE A B2
olafal7] ol g HlA HIEE AR ol o & Hof e BAS TASHE AROR Wi WAolth Be dubd oz
A= ¥ BAehE 0 9% 1QEEEEUH%§$ﬂﬂﬁ Wl s A A o] B3l A17)4 8~1040]Lt ol
SHEZEY mi 2R sleleh BAl] Hls) WEb AT o= SIS BAL 2R A0 R Adolebs AEALS
B2 59 E A F BA) WEst T 4% nsskeleka stk e Bekitel A BetE S
S ASTES TR S5 Ytk ol B ATNM EES A AR o] AN HE RS UE A S steichs A}
9202 BAFEA Sleloke B0l dsiol AL E Aol uioliid Ak U A alo] K]
Aol R B FF7, BAY A/t GFS AR A £ ANE BaE sH= S ol Xk, o] 23t Y ] v
e A7} S, Al (155 AT B A S 951 SHIEE 0.2 ool dEol A
Fohm 15k SPUE LS BAY m1 slelghs WA A o AurHel Su Wukohet YAA, AE A SHdA =
E Aol oA, AR, B710] S5, AR FEG Upehdtha B as ik oS Sof Hewson® & Bl 184]
A 5.0 ARSI, BA) Aol mebdm thE 09lo] 9l SISl AA Smith 5 o] ¥l FA-UE Ay e vl
Uehs 5 SPAES S ofah 5 B8 Mol ot AlZh  sbh Al ]2 EA15keha sk Duckworthe] o8
2 ot igkA) ool A aFo] Wokth.” 9, Berkheimer, 9] WAL THARO.2 B ol o] whe ol G ARE B

Anderson, Lee9} Blakeslee 2] A0 A S L 22 7t =31 7heels dAS WA W E-& ARESte] A
32 AeFo|u 74 %IEW ST o] of g AR AR o] EA|7F AL 7t

FHFIL 7|Z2 o7 AE/LA T BEETA
Hrpe o AT 7jeer ek
Smith 52°9] &1 of| A ] & Zh-o 2] o]
A& AR T ul]9- 7he2- EA 9] Hf-ofl=

2 7Hsks 5, A0 Aol tie el B 712 Ae)
KA Q14|31 91 k= 7 ao] 745HA| etk Hewson
3} Hewson™ 9] 108hA- & thA-0.2 B A7) A = Bh B4l
Lol W, ¥, WS FAL02 ALk glow Fu9
Aol 2 WA X Qgreh. ekt o] Tk thel g o
2= golut merhel e A Wao] gl 2, Hli 2]

[‘

=%
AsFo] glgle

/\Poﬂ/q J_]rzﬂ-x].x%o D]EjHL:] KN 7\1‘\,]-75] oﬂ/\i /\].

AN AA— -
%l%AﬂEi a17] Alkel 212 ol gt dAtol el Wi EE FA
SA7}F Qe Ao 2 3} 3t %] 83 uke] 2lo]Qlt}. Coled} Raven’ S 18t

(2 Kooz flo o [ £ i A R fo op 52
.
rlo
—Ll

& o BAZL

ZUESLAN 2L

4 7 Pl = 2oha 2ot 1 g oo} 239}
| U] sl ke 7 o
A0 e sty ol

HFo] opl st 285t 35t SPYE
= lejo] dhsto] W A AHg skl e Al
S UBS sheth Aak A

4o}

g e

719k 7hetek7] ol A sl g of] T et

Lo e Bk glou 4 ok Be Bk gl A, B a%6%44ﬂw 4M0§ﬂ°mﬁ4% A
ofo] WSt Hu = Rtk T A Zske A ol UGlow W & AT A 9A Y Aot e el whe oy
B EEU L A B A Gl Ao st AT «%@ﬂ§¢gé-1qummm?°ﬁ%ﬁ%WWQ
A o] & Sy Eo] BA FA) hsto] RN SIS O

e 7Hel Aoleha S 4 st 48 244 A %%ﬂ%i@@%%lﬂﬁ#ﬂ%ﬂi”atﬂhf

Table 1. The attainments related to density in the science curriculum

20,1

Grade Unit

Attainments in the science curriculum

Liquids and Gases

» Comparing volumes of liquids
* Measuring the volume of liquids and representing with units

3rd » weights of gases
* Separation of a solid-solid mixture
Separation of Mixtures * Separation of unmixable liquids
* Separation of a solid-liquid mixture
4th Phase change of water * Comparing weights and volume of water and ice
Sth Dissolution and Solution ~ « Weights before and after dissolution
6th Gases * Volume change of gases by temperature
* Phase change
7th Three phases of matter » The molecular arrangements in different phases of matter
* Intensive and extensive properties
9th Properties of matter * Properties of matter

* Separation of mixtures
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Target Concept Item Number Contents
Density of a pure solid 1 Explain the reason why a block of wood floats in the water.
2] Infer what could happen when a block of wood which contains two steel balls is put into
. o water.
Density of a solid mixture 2-2 Explain the reason why you think it will float.

2-3 Explain the reason why you think it will sink.

Counter-intuitive
observation of density 3
of a pure solid

Compare density of the two blocks of wood with the same weights; one includes two steel
balls but not the other. Explain why one floats in water and the other does not (The masses,
widths, lengths, and heights of the two blocks of wood are given in a table.).

Density of three pure 4
liquids

Infer the reason why solvent A sink while solvent C float in solvent B (Order of density:
solvent A > solvent B > solvent C, solvents: A = dichloromethane, B = water, C = hexane).

Density(specific gravity)
of'a homogeneous liquid 5

mixture hexane).

Infer the reason why the mixture of solvent A and solvent C sink in solvent B (Order of
density: solvent A > solvent B > solvent C, solvents: A = dichloromethane, B = water, C =

Discrepant event of
density(specific gravity) 6
of a homogeneous liquid

mixture hexane).

Infer the reason why the order of the solvent B and the mixture of solvent A and C inversed
when more of solvent C has been added to the mixture of solvent A and C (Order of
density: solvent A > solvent B > solvent C, solvents: A = dichloromethane, B = water, C =
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Fig. 1. The distribution of the percentages of students' scientific
concept on density by categories (A = pure liquid; B = pure solid;
C = solid mixture; D = pure solid, counter-intuitive; E =liquid mix-
ture; F = liquid mixture, discrepant).

Table 3. The percentages of students' scientific conceptions on density and descriptive statistics (n = 6)

Categories of Density Concepts

Percentages of Scientific Concept (%)

Density of pure liquids 55.8
Density of a pure solid 43.3
Density of a solid mixture 325
Counter-intuitive observation of density of a pure solid 30.0
Density(specific gravity) of a homogeneous liquid mixture 25.8
Discrepant event of density(specific gravity) of a homogeneous liquid mixture 25.0
Mean 354

Standard deviation 11.97

Median 31.25

Range 30.8
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Table 4. Students' conceptions about density of solids in pure and mixed substances (frequency)

Item 1 2 3
Category Pure Mixed Pure but Counter-intuitive
Scientific concept 52 (43.3)" 39 (32.5) 36 (30.0)
Mass/Weight 30 (25.0) 24 (20.0) 8(6.7)
Innate property of matter 13 (10.8) 12 (10.0) 12 (10.0)
. Volume 9(7.5) 0(0.0) 23 (19.2)
ot graders’ gy ovancy 5(4.2) 6 (5.0) 14 (11.7)
Y P Surface tension 4(3.3) 0(0.0) 1(0.8)
Intermolecular distance 1(0.8) 29 (24.1) 3(2.5)
Surface area 0 (0.0) 3(2.5) 16 (13.3)
Unintelligible/No answer 6 (5.0) 7 (5.8) 7(5.9)
Total 120 (100) 120 (100) 120 (100)
*The numbers in the parenthesis are the percentages for each case.
Table 5. Students' conceptions about density of liquids in pure and mixed substances (frequency)
Item 4 5 6
Category Pure Mixed Pure but Counter-intuitive
Scientific concept 67 (55.8)" 31(25.8) 30 (20.5)
Mass/Weight 18 (15.0) 11(9.2) 0(0.0)
Innate property of matter 4(3.3) 0(0.0) 12 (10.0)
Volume 2(1.7 0(0.0) 9(7.5)
,  Intermolecular distance 9(7.5) 18 (15.0) 19 (15.8)
- lstiltlygé?)ﬂg%ts Water 7(5.9) 0(0.0) 0 (0.0)
Concentration 4(3.3) 8(6.7) 7(5.9)
Polarity 0(0.0) 21(17.5) 8(6.7)
Molecular size 0(0.0) 10 (8.3) 9 (7.5)
Chemical reaction 0(0.0) 5(4.2) 6 (5.0)
Unintelligible/No answer 9(7.5) 16 (13.4) 29 (24.2)
Total 120 (100) 120 (100) 120 (100)
“The numbers in the parenthesis are the percentages for each case.
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)A] oFe ATHE BTk Bt 20| Avte} u|mE v 247}

ol = wieto] wrebd SPYE-S W S A £

~— =
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Table 6. Senior secondary students' implicit theories on density

TEIYE| A 24} 815

o) SHYE-2 H7fa) 2 g7} 123t AAtol thaf o A3k
= WREA At sHelch(Table 5).

AR, A HA| o] Wieof gt 2Feh 7id-2 55.8% %
DA A ETE 12.5% A UERsTh S3E HA| Q] He=
25.8%=, W2 A o) el ol EHE HA| Q] F-9-=20.5%
2 217} 10| A-gehe E9hE A9 U e vk o) 1
HZIAR A Q] E3HE 1A 9] Yo Aot 2ksh i o)
FAE = AT R 7P Q] elo R = B
AN A LA EE O -} upzr A 2 A= A
o] u| &3} FAfo] UreRE L 71 o]of aLA| o] et T EA &
o] kA o] YRS A gtttavE, Eo] Feof oJaA o
o] A Hrtal A sh= 950l Aotk &A1 o]
ool ofsl Wit e, k= Y 2 T2 Y
NIRRT A=
A, L ETHE AA| o] Wimof el A= T4 St
oA Zheretar B34 Sl 9152 ol Aoleta
= 2810 7P WATH17.5%). ol ol = =48l =

el
2 g

oo ¢ 4o Lo
o>

i  H
©

i

=

7

OE.E

ikl
ol

Representative Implicit Theories on Density by Categories

Percentage (%)

[Item 1] Density of a pure solid

* Density of a solid differs by weight or mass. (Weight or Mass) 25
* Wood is lighter than water and therefore it floats. (Properties of matter) 10.8
[Item 2] Density of three pure liquids
* Density differs by molecular weight or the mass of the molecule. 15.8
[Item 3] Counter-intuitive observation of density of a pure solid
* Density decreases as the volume of objects increases.(Volume) 19.2
* As the square measure of an object increases, density decreases.(Square measure) 13.3
* As the buoyance increases, density decreases. (Buoyancy) 11.7
* A block of wood floats in water. (Properties of matter) 10.0
[Item 4] Density of a solid mixture
* Intermolecular distances in steel ball is very close and therefore a block of wood containing steel balls 20.8
sinks in water. )
* As the weight of an object increases it sink in water. 16.7
* In spite of the presence of the steel balls, the block of wood floats because it is made of wood. (Properties 10.0
of matter) )
[Item 5] Density(specific gravity) of a homogeneous liquid mixture
* The two liquids are all polar solvents and therefore they mixed together and sank. (Polarity of solvents: like 17.5
dissolves like.) '
* When two different kinds of liquid molecules in their molecular size mixed together, the intermolecular 15.0
distances become smaller and therefore density of the mixture increases. (Intermolecular distances) )
[Item 6] Discrepant event of density(specific gravity) of a homogeneous liquid mixture
* Because of the unbalance between the different liquid molecules in a mixture, the intermolecular distances
. - X 15.8
increases and therefore density decreases. (Intermolecular distances)
* Because of the floating property of a liquid, density of the liquid mixture decreases. (Properties of matter) 10.0

*The sum of the percentages in each item is not 100 because only intelligible responses that can be categorized into the alternative con-

cepts with 10 percentages and over are listed in the table.
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