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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 (N = 611) were divided into two groups
according to completion of 'Chemistry I', which were 10 science-classes and 9 liberal art-classes and compared
each other. Three terms of students' cognition and definition, impact on the formation of their cognition, and
their chemical knowledge of 'heavy metals' were analyzed 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 is
hazardous in human body regardless of different major between liberal art and science. Mass media and school
instruction were found to be the greatest impact on the formation of these cognitions. Especially, school
instruction had more effects on students majoring in science than students majoring in liberal art, which bring
the result that students in science-classes have more misconception about the definition of 'heavy metals' with
human toxicant regardless of metal species and its content in human body and physical density due to the
ill-defined terminology of the textbook than students in liberal art-classes do. It is interesting that students in
science-classes understood hazard and chemical structure of 'heavy metals' better, while students in liberal
art-classes answered the question better about hazardous properties of heavy metals.
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Fig. 1. Direction of chemistry education: A new emphasis on the human element in tetrahedral scheme
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Category Question number # of items
Students' cognition and definition about heavy metal Q1,Q3,0Q4 3
Impact on formation of cognition Q2 1
Chemical knowledge of heavy metals Q5, Q6, Q7, Q8(sub-questions : 5) 4 (total: 8)
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@ Metals with high density

i Metals that tend to bioaccumulate
O Metals that incur contamination

B Metal that cause poisoning

Toxic metals in human body

& The others

Total| 10.3 29.4 _ 48.6

Science | 9.9 491

Liberal art 481

Jud A A

0 0.5

Fig. 2. Brainstorming about heavy metal (Q1)
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Fig. 3. Factors affecting recognition about heavy metals
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Table 2. Keywords for definition of heavy metals

Keywords Explanations

Examples

Density

meaning of density, heaviness, mass

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

Hazardous metals in
the human body

meaning harmful for human body

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

Accumulation into

organism into organism

meaning accumulation or concentration

bioconcentration , metals that accumulate into
organism

Contamination meaning contamination

environmental contaminant, materials which
have bad influences on the environment

Harmful metals

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

bad things, bad materials,
bad metals, harmful metals.

The others -

non-metals, transition metals, materials from
yellow sand

Table 3. Analysis of the keywords in the answer about Q1 and Q3

Order 1 2 3 4 5

Q1 toxic metal bioaccumulation density contamination poisoning
(48.6%) (29.4%) (10.3%) (7.8%) (3%)
Q3 hazardous metal bioaccumulation density harmful metal contamination
(54.7%) (33.1%) (24.8%) (10.3%) (7.8%)
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Table 4. Analysis of definition(Q3) according to brainstorming(Q1)

Q3 Hazardous metals Accumulation Density  Contamination Harmful The
Q1 in the human body into organism y metals others
. 10 (N) 7 32 1 0 7 45
Density 2.3 (%) 1.6 7.4 0.2 0.0 1.6 10.3
Accumulation 75 83 21 9 12 10 128
17.2 19.1 4.8 2.1 2.8 2.3 29.4
Contamination 16 4 o 10 6 3 34
3.7 0.9 2.1 2.3 1.4 0.7 7.8
Poisoning” 16 4 9 10 6 3 13
£ 2.3 0.7 0.9 0.2 0.0 0.2 3.0
Toxic metals in 127 47 41 13 27 20 212
the human body 29.2 10.8 9.4 3.0 6.2 4.6 48.6
0 0 1 0 0 3 4
The others 0.0 0.0 0.2 0.0 0.0 0.7 4.0
N 238 144 108 34 45 44
% 54.7 33.1 24.8 7.8 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. Types of acquiring the definition (Q4)

Types Major Number (N) Total (N) Percentage (%)
Science 84
Guessi 21 .1
Hessing Liberal art 135 ? 50
Science 138
Learni 21 49.
carning Liberal art 79 7 99
Total 436 100

Pearson y* = 27.781, df = 1,p = .000
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Table 6. Keywords of the definition according to acquiring types

igiﬁzrg&faﬁli?é; ﬁct(c)lﬁ?giz?s(r)g Density Hnig?;ﬁﬂ Contamination The others
Guessing N 123 51 34 25 18 29
% 56.4 23.4 15.6 11.5 8.3 12.4
Learning 115 93 74 20 16 17
% 53.0 42.9 34.1 9.2 7.4 7.8

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

Table 7. Comparison of answers to Q5 with majors (The reason for bioaccumulation of heavy metals) (%)

Answer absorbing within Interaction with . . . .o
Keyword the viscera body materials® Noidea Highdensity Metal's size total
Total 43.8 20.2 17.9 12.6 5.5 100
Science 36.5 28.4 16.7 13.5 49 100
Liberal arts 514 11.7 19.2 11.7 6.0 100

“correct answer, Pearson Xz =21.499,df=4,p=.000

Table 8. Comparison of answers to Q6 with majors (The reason for noxious working of heavy metals in the human
body) (%0)

Answer Complex with Harmful . Germ's

Keyword Metal mass bioprotein® Oxide No idea working total
Total 394 23.4 21.8 11.7 3.7 100
Science 383 30.2 17.1 11.7 2.7 100
Liberal arts 40.7 16.4 26.6 11.7 4.6 100

“correct answer, Pearson Xz =14.740,df =4,p=.005
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Table 9. Comparison of answers to Q7 with majors (Chemical form of heavy metals as hazardous metals) (%)

Answer Hea\_/y I_netal Metal Oxides® Heav_y metal No idea Metal itself total
Keyword liquid
Total 248 23.2 22.7 17.7 11.6 100
Science 234 20.3 27.0 18.5 10.8 100
Liberal arts 26.2 26.2 16.8 12.6 100

“correct answer, pearson y°= 6.157, df =4,p = .188

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

Q6 Q7 metal itself heavy metal liquid heavy metal ions metal oxides no idea
al 23 (N) 54 40 37 18
metal ma
UM 34%) 314 233 215 105
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Table 11. Residual concentration of heavy metal in the
human body to the major (%) (Q8-1)

total science liberal art
yes 44.7 44.6 44.9
no 36.9 39.6 34.1
no idea 18.3 15.8 21.0

N = 436, Pearson y° = 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 68.9 56.5
no 11.9 10.4 13.6
no idea 25.2 20.7 29.9

N = 436, Pearson y* = 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 science liberal art
yes 34.9 33.8 36.0
no 37.4 44.1 30.4
no idea 27.8 22.1 33.6

N =436, Pearson xz =10.936,df =2, p=0.004(< .05)
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