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Abstract

This study used questionnaires to investigate how pre-service elementary teachers understand ocean acidification. As a
result of gender, female teachers were more aware of ocean acidification than male teachers, but male teachers had a higher
average rate of correct answers, with a lower standard deviation. Teachers from the natura sciences knew more about ocean
acidification than did teachers the liberal arts. Teachers ranked environmenta crisis in order of most dangerous to least
dangerous as follow: global warming and the greenhouse effect, ozone depletion, ocean acidification, and acid rain. About
46.7% of teachers learn about ocean acidification through education, followed by broadcasts, school lectures and the internet.
The educational materials most desired for teachers were videos related to ocean acidification. Pre-service elementary teachers
have two broad perspectives on ocean acidification. Firstly, they refer to economic loss and food shortages, and secondly, they
note that there is a need for improved awareness and publicity about ocean acidification. The role of elementary school
teachers is important because their awareness of environmental issues has a considerable effect on teachers perception of the
environment. Revitalizing education on ocean acidification and government support are necessary to effectively communicate
the seriousness of ocean acidification. Lastly, we need to study ocean acidification in detail so as to be able to persevere
toward protecting our ocean ecosystem.
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Fig. 1. Ocean acidification (Ove Heogh-Guldberg and Hans Heogh-Guldberg, 2008, p.9).
Schematic diagram showing the link between atmospheric carbon dioxide, ocean acidity and the calcification rates of cora reefs
and other ecosystems. Insert diagram depicts relationship between atmospheric carbon dioxide (CO, atm) and ocean carbonate

concentrations.
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H20 + CO; = H++ HCOs'
(acidification due to CO,)

H++ CO;” = HCOy

Hz0 + CO, + COs* = 2 HCO;

Fig. 2. Mechanism of ocean acidification.
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Table 2. The frequency analysis on understanding of pre-service el ementary teachers on ocean acidification

N(%)

Cetegory Correct Incorrect Totd
Definition 593(90.1) 65(9.8) 658(100)
Leading gas 537(81.6) 121(18.4) 658(100)
Chemical reaction formula 405(61.6) 253(38.4) 658(100)
Pollutant resource 369(56.1) 289(43.9) 658(100)
Damage and symptoms 554(84.2) 104(15.8) 658(100)
Examples of experiments 586(89.1) 72(10.9) 658(100)
Effort to overcome 509(77.4) 149(22.6) 658(100)
Ocean acidification 627(95.3) 31(4.7) 658(100)
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Table 3. Understanding the ocean acidification by gender

o

o
4

Cat Gend NCo) Total ?
or ender of
egory Correct Incorrect X
. Male @178(88.6)  212(6.0) 34(2.0) @7(35) 201(100)
Definition .006*
Femae  (1415(90.8) 26(1.3) 314(3.1) &22(4.8) 457(100)
_ Mae  @165(82.1)  24(2.0) @27(134)  @5(2.5) 201(100)
Leading gas .018*
Femae (@372(814) 217(3.7) (337(8.1) 231(6.8) 457(100)
Mal D115(57.2 262(30.8 310(5.0 D14(7.0 201(100
Chemical reaction formula € W115(72) (308) @10(5.0) (70 (100) 274
Female  (D290(63.5)  2117(25.6) 314(3.1) @36(7.9) 457(100)
Male @111(55.2)  {226(12.9) (320(10.0) DA4(21.9) 201(100)
Pollutant resource 232
Femde (@258(565) 237(8.1) @57(125)  @105(23.0)  457(100)
Male @168(83.6)  {16(3.0) @11(5.5) 316(8.0) 201(100)
Damage and symptoms 321
Femade  @386(845)  {T6(1.3) @35(7.7) 330(6.6) 457(100)
. Male @173(86.1)  T6(3.0) @26(3.0) @16(8.0) 201(100)
Examples of experiments .289
Female  (3413(904) T11(24) 213(2.8) A20(4.4) 457(100)
Mae  (3170(84.6) T29(14.4) 21(0.5) 21(0.5) 201(100)
Effort to overcome .020*
Female  @339(74.2)  1109(23.9) @21(0.2) 28(1.8) 457(100)
o Male @195(97.0) D420 @22(1.0) $30.0(0.0) 201(100)
Ocean acidification 405
Female  @432(945) 116(3.5) @5(1.1) 34(0.9) 457(100)
*p<.05’ **p<.001’ ***p<.000
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e A dE A9 ofstisol Wol Sole It Ak el SR, oo s ee) e
£ mgosh JshEe] Sole) gk 4 glck frejulet ghe AATHP<.05). HolE £ FA
= AGEE AAAY 96.6%, QAEAE 88.3%= <l
3.3. 912, X% ASY a2k Arlstol ChEt OlHEE = EE e b AT BBIE T
i ol elote] me sjor agey o 2 TSR THEE 8 Aok U 531 gAY
:_T_'JL oror lﬁ— A tyOH iy ot o SHAI0] 5.7%7} AMH] o] A ol= Aelst vl z}ed )
5 Jol= I
ofi<] Z]'(?]E‘ EO}EMﬁ ot 2ol Jff, A E o SAPL o} o] 2 Hehalx] ekort). o|Et ATt
ol gt Zfol= FSskTh AHAAE S0l <l = N
£ Agule) SR EE EElE A 2 AR
2AY sgo] vjs) AEo] & Aolet oAbRE T i
o SYELS Hol2 Aote] 2w Uk F 1A
= et vk-AS Alefstale AAAE BAe] Qe _ .
° T3} Q15 2FAAA|A Afo| o] AeHE 2o 7} 11.2%0] 11
AE SHYET FHEo] =8It Pak et d.(2014)°]
Table4. Differences in understanding the ocean acidification by gender
Standard Degree of
Gender N Average deviation freedom Valueof t
Understandings of Male 201 6.2189 1.4393 656 .690
ocean acidification Female 457 6.1313 1.5247
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Table 5. Understanding the ocean acidification by pre-service elementary teachers according to department of liberal arts and
natural sciences

N(%) )
Category Department pe— — Total X

Defiriti Liberal arts ~ (1453(88.3) 215(2.9) @16(3.1)  @29(5.7) 513(100) 014+
inition .
Natural science  (1)140(96.6) 23(2.1) 32(1.4) @0(0.0) 145(100)

L cac Libera arts 1406(79.1) 219(3.7) 352(10.1) @36(7.0) 513(100) 003
ing gas .003*
99 Natural science  (1)131(90.3) 22(1.4) 312(8.3) @0(0.0) 145(100)

_ , Liberal arts  (DB19(62.2) (2137(26.7) (314(2.7) @43(84)  513(100)
Chemical reaction formula . .054
Natural science  (086(59.3)  (@42(29.0) (310(6.9) @7(4.8) 145(100)

Liberd ats ~ (D278(54.2) 248(9.4)  (70(13.6) @117(22.8) 513(100)
Pollutant resource . .028*
Natural science  1°91(62.8) 215(10.3) @7(48) @32(221)  145(100)

Liberal arts  @424(82.7) D11(2.2) @40(7.8) (338(74)  513(100)
Damage and symptoms ) 194
Natural science  @130(89.7) T1(0.7) 26(4.1) 38(5.5) 145(100)

. Liberd arts 3452(88.1) T16(3.1) @16(31) @29(5.7) 513(100)
Examples of experiments . 335
Natural science  (31134(92.4) 31(0.7) 23(2.2) @7(4.8) 145(100)

Liberal arts  (3386(75.2) Dl17(22.8)  (22(0.4) @8(1.6) 513(100)

Effort to overcome . .099
Natural science  (3123(84.8)  @21(14.5)  (20(0.0) @1(0.7) 145(100)
o Liberal arts ~ @484(94.3) T20(3.9) 25(1.0) 34(0.8) 513(100)

Ocean acidification . .067
Natural science  @143(98.6) @0.0(0.0) @2(1.4)  (30.0(0.00  145(100)

*p<.05’ **p<'001’ ***p<.000
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Table 6. Means of understanding the ocean acidification by pre-service elementary teachers according to department of libera
arts and natural sciences

Standard Degree of
Department N Average deviation freedom Vaueof t
Understandings of Liberd arts ‘513 6.0292 1.5666 656 -4.199

ocean acidification Natura science 145 6.6138 11191




Table 7. The crisis sequence that pre-service elementary teachers think

Global
warming& S Ozone Ocean 2
Category greenhouse Addran - oeion  acidification Tod X
effect
Male 92(45.8) 4(2.0) 80(39.8) 25(12.4) 201(100)
Gender .021*
Femae 259(56.7) 17(3.7) 134(29.3) 47(10.3) 457(100)
Liberal arts 282(55.0) 16(3.1) 162(31.6) 53(10.3) 513(100)
Department Natura 453
. 69(47.6) 5(3.4) 52(35.9) 19(13.1) 145(100)
science
*p<.05, **p<.001, ***p<.000
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Table 8. Experiences and form and data of education on ocean acidification

Category Content Frequency (%) Respondents who were “ experienced”
Content Frequency (%)
IBroadcasting 141(21.4)
(2Books 19(2.9)
Yes 307(46.7) Source of experiments 3School hour 80(12.2)
Experiences @Internet 60(9.1)
BEtc 6(0.9)
Total 307(100)
No 351(53.5)
Totd 658(100)
Form of TBroadcasting @Training 3lLecture @Visit Totd
education 346(52.6) 94(14.3) 51(7.8) 167(25.4) 658(100)
Educationa @Video @Book QPrinted materias @Internet Tota
materials 603(91.6) 12(1.8) 35(5.3) 8(1.2) 658(100)
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Table 9. Pre-service elementary teachers crisis opinion on ocean acidification

Order Opinions Frequency (%)
1 The marine ecosystem will be destroyed so it will loseits balance. 106(26.8)
2 Fishery resources will decrease. 88(22.3)
3 Ocean acidification wasn't well known so it's severity was unknown. 44(11.1)
4 There will be economic losses due to destruction of fish stocks and fish and shellfish. 39(9.9)
5 We should pay attention to environmental issues such as promoting conservation education. 38(9.6)
6 There will be a serious food shortage related to esting habits. 35(8.9)
7 It threatens humanity and the earth will be devastated. 19(4.8)
8 | thought it was serious but no alternative was made. 12(3.0)
9 We should reduce carbon dioxide emissions. 12(3.0)
10 The price will rise. 2(0.6)

Total 395(100)
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CC2 from flue gas (industrial emitiers)
Use raw flue gas — no concentration requived

CO2 captured and converted 10 a solid
Calcium Carbonate novel cement

Used to make a range of building
material products

Fig. 3. Industrialization process using carbon dioxide (Calera Corporation, 2017).
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