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ABSTRACT. In this study, high school students’ perceptions of chemically ill-defined ‘heavy metals” were
examined through questionnaires. Nineteen classes of 11th graders (A = 6/7) were divided into two groups
according to completion ot ‘Chenustry I', which were 10 science-classes and 9 liberal art-classes and compared
gach other. Three terms of students’ cognition and definition, impact on the formation of their cognition, and
their chemical knowledge of 'heavy metals' were analvzed by SPSS. The findings revealed that most of
students recognized "the heavy metal” as the metal which causes to be accumulated on any living thing and 1s
hazardous in human body regardless of difterent major between liberal art and science. Mass media and school
mstruction were found to be the greatest impact on the formation of these cognitions. Especially, school
mstruction had more effects on students majoring m science than students majoring in liberal art, which bring
the result that students in science-classes have more misconception about the defimtion of 'heavy metals' with
human toxicant regardless of metal species and its content in human body and physical density due to the
ill-detimed terminology of the textbook than students in liberal art-classes do. It 1s interesting that students in
science-classes understood hazard and chemical structure of ‘heavy metals' better, wlile students in liberal
art-classes answered the question better about hazardous properties of heavy metals.
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Fig. 1. Direction of chemistrv education: A new emphasis on the human element in tetrahedral scheme
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Categorv Question number # of items
Students' cognition and definition about heavy metal 01,Q3,04 3
Impact on formation of cognition Q2 1
Chemical knowledge of heavy metals Q3. Q6, Q7. Q8(sub-questions : 5) 4 (total: 8)
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k1 Metals with high density

01 Metals that tend to bicaccumulate
M Metals that incur contamination

@ Metal that cause poisoning

I Toxic metals in human body

O The others
Total| 10.3 29.4 48.6 ﬁ
Science | 9.9 491
Liberal art 481

0 05

-

Fig. 2. Brainstorming about heavv metal (Q1)
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Fig. 4. Definition of heavy metals (Q3)
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Table 2. Kevwords for definition of heavy metals

o} 35

Keywords Explanations

Examples

Densitv

Hazardous metals in
the human body

meaning accumulation or concentration

Accumulation into

meaning of densitv, heaviness, mass

metals with high density. metals with mass,
metals with lugh weigh.

toxic metals in human body, metals poisoning in
human body.

bioconcentration , metals that accumulate into

organisim mto organism organism
S . I environmental contaminant, materials which
Contammation meanng centanunation X - o
= have bad influences on the environment

Harmmful metals

meaning harmful or bad things except
words like human body or environment

bad things, bad materials,
bad metals, hannful metals.

non-metals, transition metals, matenals from

The others ) vellow sand
Table 3. Analysis of the kevwords in the answer about Q1 and Q3
Order 1 2 3 4 5
01 toxic metal bioaccunmlfition 'de_nsit_\' contamination poisoning
(48.6%) (29.4%) (10.3%) (7.8%) (3%)
03 hazariious metal bioaccumulation densit_v_ harmful metal contamination
; (34.7%) (33.1%) (24.8%) (10.3%) (7.8%)

gl e &7k e =R A S E U rhTable 2ol 3tel wbE e vl 53] A shsta
HEFHPELITEFHA NN LA RMSH A Aol FFHol/E 2 AAE AMESHA] sl
AW SAE dodle F5 AR 74 ok dF g1 e fald gL R
the gjrle] a2} E 558 oz IMstn kol Rolvt ol 28 FRebe AbAglel vis &
WE AL ety olg FAEe] 552 AA A F2 7B B llEtl 2 A
Fog S5 A 2 £A47F LA 23 g Adrded #F 2 QA fHd EAREe
<ZH IFadel i WY Begdrs 239 #7 Lol 47 A4 o) ENOsHH A
el &5 FrdA wE TIFHF A R & el AT Adgel 3 fd " FeT ol &
Blg S ARy 25970t we e Y Sl Aol dle ez ARt onk”
2 3be A2 2 vbelukeh(Table 4). 5 38 E0] & Table 54 & &0) £33 -‘%-’%——‘4 el
LR STESA AT AYE 72T B3 & 7h Al 56 93 2 A] S22 Frgd| 23
MR 2, <F R I FTF WY A B AAA S el Table sl A 55 2 9
dldzevhel Aol daljsle Sl WAA o R FASY F5 F¥H el wE 47 7|4
2o SHEnk Rt oalE EH. <EFF 1> =Fviehlidel A A g6 R AH Y 55
(FES N HAE BAJ2ERDAA A2 Shged] 93 7o) 49.9%, ARl & ot
Eotn % 3 gAY A <FF>(HAE] 7] 50.U1%E 2 Aol A RolA] esich
ZHA 2 e B EEel AE R l)°ﬂ i Al EAR o) T Ak B % ARAle] 5 Bohe ‘5}
2E=R R R=R-R2 SN0 %%6‘& gL ulg gl o Y E FFYUGe S RUW H

of A F3l FL 34 T pE 7= &7 W AdE AL FASY ASele s T %
gl FL AL B LAt cleqAS) T ZholuE QY 35 47 FFF AL E 7}
FE5A dal g Advie e 55 A Aotz sl o At abE A &
Fra) FE A2 AYsE A o) ot e S oS AR Fo R Esdck(p <0.05). ]
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Table 4. Analvsis of defimition{Q3) according to brainstonmng(Q1)

Q3 Hazardous metals Accumulation . . Harmful The
. . . . Density  Contamination
01 m the human body  mto organism : metals others
Density 10 (N) 7 32 1 0 7 45
e e e 23 () L6 o 7 92, 00 L6 .03
Accumulation & 84 N g B - 148
oot oo e 172 e I ... 48 2l 28 23 .294
Contaminati 16 4 9 10 6 3 34
ontamination 37 09 71 23 L4 07 73
Poisoning’ 16 4 9 10 6 3 13
1oTmng 23 0.7 0.9 02 0.0 0.2 3.0
Toxic metals in 127 47 4] 13 27 20 212
the human body 29.2 10.8 94 3.0 6.2 4.6 48.6
0 0 1 4] 0 3 4
Ih=ottess 0.0 0.0 0.2 0.0 0.0 0.7 4.0
N 238 144 108 34 45 44
% 34.7 331 24.8 78 10.3 10.1

Italics are rates with same response between Q1 & Q3. *Poisoning(Q1) is categorized in "Hazardous metals in the human

body(Q3)"

Table 5. Tvpes of acquiring the definition (Q4)

Types Major Number (N) Total (N) Percentage (%)

- . Science 84 i

.......... g Liberlart S e
) Science 138 .

Learmimng - Libanad g 5y 217 499
"""""" T a0
Pearson ¥~ = 27.781. df = 1.p = .000
23 5 W FAEL] UM Qe 7 FEHAAHF ALY AN HA = 6F RFTF
A 2QFEF el B EFolA o] A FE U Eoof AR ste] FA ek v D
shell Bl3) B ol R o)l AW AL T B EeA v 1 Y5 7) etz elen o)
HE o, 3w o) A Sl ZHA R e FF Aol £33 Aol Bl ol A S| FF5e
$HANIRVENASERAVSAG VL Aol U A IV AGE 2 b n ez
B ¢35 FRA HE Ao 39 AU 24 ASP Ao YAt
2 4 uR s Eo) 7] 2 oe $FE o)
g o 2 &5 3 uel 37} vhella S0 =24 pIE afE KAl F
AR = vl Eell YolAe AelE BTt Fa5e &3 5 8l A oll &t °15ﬂ]5'”"3’5
(Table 6). 1 % F3%o N 45 24 olell thal A FF2o] Aol SA =& o] -
S} B HAAT A A A G5 B Be FHER Sl o) A G4 F 435%
FRADE SR £ ol B AL B A5l bRkl b2 B A AoA FAH 2R
oh. &3 Sl A olsboh ghe w207 o} A7) w7l Wl Bl FHHekl3 AN F Ay el
A e, o) Atg Fstel 2w ol 2 Seshgnh WA A F202%T) FEE
T mekd, 53 SR IRAARE S F o) A AN A5 S AT Fel= =7
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Table 6. Kevwords of the definition according to acquiring types

Hazardous metals Accumulation . Harmtul N
. . . Density ) Contaminationn The others
m the human body  mto organism : metals
Guessing 123 31 4 23 18 29
............... RO SO OO SUPRN X IO § S R OO v SO
LN s o3 o 20 e 17"
e e, 530 429 341 9.2 74 78

rate (o): percentage within same types on acquiring definition

Table 7. Comparison of answers to Q3 with majors (The reason for bicaccumulation of heavy metals) (%)

Anlswe‘r absorbm.g w?thm Inter.acnon }\-‘Hlﬂl Noidea  Hichdensitv  Metal's size total
Keyword the viscera body materials = -
Total 438 20.2 17.9 12.6 33 100
Science 36.5 284 16.7 135 4.9 100
Liberal arts 314 11.7 19.2 11.7 6.0 100

*correct answer, Pearson x: =21.499 df =< p=.000

Table 8. Comparison of answers to Q6 with majors { The reason for noxious working of heavy metals in the human
bodv) (%)

Answer Complex with Harmful No idea Gemm's

Keyword Metal meass bioprotein® Oxide working totl
Total 394 234 218 11.7 3.7 100
Science 383 30.2 17.1 11.7 2.7 100
Liberal arts 40.7 16.4 26.6 1.7 4.6 100

*correct answer, Pearson x: = 14.740. dt' =<4 p = .003

el $AWchel S AT AL T ARE A (15 FFE Foley 2 S Reh g ThTable ). A
Detsd thTable 5). 17.9%% T 5% o) Al A 09 23.4%E FF&o] A S d= 23

494 2 B2 Ak T $RHAL T35 s B 26 73S A3 3) e &

O

o] Ay £ o) fr} FEFEL dReZF EEY &l sleho) 3} whula m@a)y o skl e 21.8%
1

L F5 4R Z70elE A=y 711 = AW FF 5] A3 o TAs = FAH E
dobe 49 mE A 126%, 55%F A Ed A wFel Fadhoke] 3 43 8 £y, 29
th o]l $ 433 AGSEE BN 24 AGA 237% AW FTFHE e vl A&
£ 2ged, olgte AW F4°36.5%) Az FHAES A Akl ol A2y 2 SHE
B36.5%), HE(13.5%), A2AZ271'5.0% 2 ArholFUEGRE 2E F AR ES T F
2,273 AA 5 s Ak} vl Fudeja) o Fol QA Fa) o) 2y Sohm o)
T A AW EAGLA%), BEULT%), A A we] SRekdl 2 ohed o) 3 A

FAE(1L.7%), R AZ (6. 190G o <85> bl =53 (30.2%), “AkEk el B (17.1%), P
o) Wk kel b Aol FAIHLE f-2]0] AE(27%) ¢ L2, F3e st f8 2
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Table 9. Comparison of answers to Q7 with majors (Chemical form of heavy metals as hazardous metals) (%)

Answer Heavy metal

Heavy metal

; S Metal Oxides® No idea Metal itselt’ total
Kevword liquid
Total 248 232 227 17.7 11.6 100
Science 234 203 270 18.5 10.8 100
Liberal arts 26.2 26.2 16.8 12.6 100

sorrect answer. pearson ¥ = 6.157. df =4.p =188

Table 10. Comparison of chemical form({Q7) with mass of the metal(Q6)

Q6 Q7 inetal itself heavy metal liquid heavy metal ions metal oxides 1no idea
23 (N) 54 40 37 18
metal mass - z = i o
13.4 (%) 314 233 2135 10.5
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Table 11. Residual concentration of heavy metal m the
human body to the major (%) (Q8-1)

total sclence liberal art
ves 447 44.6 449
no 36.9 396 34.1
no idea 18.3 15.8 21.0

N = 436, Pearson 3 =2.548.df =2, p = 0.280

Table 12. Hazard of metals except heavy metals to the
major (%) (Q8-2)

total science liberal art
yes 62.8 689 36.5
ne 11.9 104 13.6
no idea 252 20.7 299

N =436, Pearson = 7.231. df = 2. p = 0.027(= .05)
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Table 13, Self-purification of heavy metals according
to the major (%) (Q8-5)

total sclence liberal art
ves 34.9 338 36.0
no 374 44 1 304
no idea 278 22.1 336

N = 436. Pearson x: =10.936. df =2, p = 0.004(- .03)
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