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Abstract

This study investigated the analysis of chemical reactions in the 2015 revised curriculum science textbook
and the questions of six chemical reactions through questionnaires. The results are as follow. The subjects
of this study were 54 students in senior who are pre-service elementary teachers. After experiencing all the
experiments in elementary science textbooks for one semester, six chemical reactions were selected from the
science textbooks. The six research questions were: writing reaction formulas, matching coefficients, mass
relationship, state of matter, thermal relationship, kind and types of reaction. I found out the level of
understanding through the questionnaire. In writing the chemical reaction formula, the confirmation of the
chemical reaction and reason was answered by looking at the basic theoretical knowledge and the
phenomenon that appeared. As for the coefficient of the chemical reaction equation, the incorrect answer
rate was much higher than the correct answer rate due to the lack of a concept of the balanced equation.
As for the mass relation, more than half of them are generally aware of it because of the theoretical
knowledge that mass is conserved. But there were many students who recognized that mass could change
as the state of matter changes. As for the state of matter, It was difficult to distinguish the states of
reactants and products during chemical reactions so about half of the students recognized the state of
matter. As for the thermal relationship, most students recognized that energy is involved in a chemical
reaction from the theoretical knowledge and the phenomena that appeared. As for the kinds of reacions,
most of the students were familiar with them but did not know well about the types of reaction.
Therefore, the lack of knowledge about chemical reactions can affect the classes in the future education
field, so it is important to acquire knowledge from the college subjects and individual efforts.

Key words : Chemical reaction, Formular, Mass, Thermal, State of matter
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<Table 1> Composition of research subjects and types of questionnaires

Questionnaire Pre-service elementary teachers Grade
1. General investigation 140 Junior
2. Chemical reaction or chemical change test strip 54 Senior

<Table 2> A survey of students' general understanding of chemistry lab classes

No. Questionnaires Contents

1 How well do you understand chemical equations?

2 What are the difficulties with chemical equations?

3 Did you understand the content in the experimental class?

4 Do you have any questions during the experimental class?

5 Do you use references related to the laboratry class?

6 Did you feel about safety and danger during the experimental class?
7 What risk factors did you feel during the experiment?
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<Table 3> Types of Chemistry Experiments and Understanding

N Research question chemical reactions

A Why is slaked lime being sprayed at the accident site where hydrochloric acid leaked?
Add diluted hydrochloric acid(20mL) and add sodium hydroxide(SmL) S5mL each six times,

B . .
observing the color of the indicator.
1
C Put about 1 of the lime water in a container containing carbon dioxide and shake it to observe
the change in the lime water.
1
D Add a spoonful of manganese dioxide, decorate the gas generator, and pour Eof diluted hydrogen
peroxide through a funnel.
E As candles or alcohol burn and produce heat, they decrease in size or quantity.
1
F Add about four or five spoons of sodium bicarbonate. After decorating the gas generator, pour D)

of concentrated vinegar into the funnel.
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<Table 4> Analysis of contents of elementary school pre-service teachers related to chemistry experiments

Contents Frequency(%)
Understanding Understand well ~ Understand a little I do not know I have no idea
chemical reactions (1) 65(46.4) © 69(49.3) @ 6(4.3) @ 0(0.00) 140(100)
Reaction
Chemical Fit the Scheme Chemical
Difficulty formula coefficients Theoretical notation
content
@D 63(45.0) @ 15(10.7) @ 49(35.0) @ 13(9.3) 140(100)

Understand the Understand well ~ Understand a little I do not know I have no idea

content D 19(13.6) @ 60(42.9) @ 54(38.6) @ 7(5.0) 140(100)
Questi Have There is a little None Not at all

uestions

D 41(29.3) @ 80(57.1) @ 16(11.4) @ 3(2.1) 140(100)

Literature Often There is once None Not at all

reference @D 32.1) @ 29(20.7) @ 73(52.1) @ 35(25.0) 140(100)
Danger and Often There is once None Not at all

safety D 8(5.7) 2 56(40.0) @ 54(38.6) @ 22(15.7) 140(100)

) Chemical . . Personal
What if you felt Experimental tool Facility .
reagent protection

threatened?

@D 47(73.0) @ 8(13.0) @ 2(3.0) @ 7(11.0) 64(100)
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<Table 5 > Analysis of elementary science textbooks and teacher's guides related to chemical equations

Reaction formulas, science

Grade Classifical Time Etc.
textbooks
2.
~8. Maki .
3/1 Material 7 ‘galls aking bouncy Polyvinyl alcohol, borax Make a bouncy ball
property ’
5. 9~10. Making
a1 Mixture re?ycled papf?r Maklgg mllk‘plastlc Making milk plastic
of using separation of  (protein + acid)
separation mixtures
. What h
6. What happens . . Reaction with acids and
when you put Hydrochloric acid and
. . . carbonates,
substances in eggshell, hydrochloric acid rotein and strong base
acidic and basic and marble P . g
: reaction
solutions?
7. What happens Hydrochloric  acid and Neutralization reaction,
when you mix an sodium hydroxide, Hydrochloric  acid  leak
5. Acid acidic solution and Hydrochloric  acid  and accident, neutralization
572 . . . . . .
with base a basic solution? slaked lime reaction reaction
Yogurt and toothpaste,
Fish  sauce board + Chinese food,
8. How do we use . . . . .
. . vinegar, toilet bowl Amine + acid, acid +
acidic and basic . . .
. . cleaning, Antacids, sewer organic,
solutions in our . .
. . cleaners, bleach, etc. are Base + acid, organic +
daily life? . . .
basic solutions basic,
Bleach (oxygen acid)
1. Make bubbling Hydrogen peroxide + KI
H,0, — O, + HO(KI
bubbles (catalyst) 2 : 20(KD
H,O, — O, + HzO(MI‘lOz)
2 GH, + 5 O, — 4 CO,
+ 2 HO
Fe + 2 O, — Fe;04
2 NaClO — 2 NaCl + O,
Hydrogen  peroxide = + Electrons are taken from
MnO, (catalyst), the  molecule by the
3. Oxygen +  Acetylene reaction of sodium
6/1 Vari i ite. i i
/ arious 2-3. What properties Cor‘nbu.stlon, h)fpochlorlte Dirt is .a
gases Oxidation (rocket fuel + mixture of organic
does oxygen have? . .
oxygen), rusting metal, compounds such as oil,
No bleach, potatoes, food waste, mold, and hand
cucumbers, grime. It does not dissolve

well in water, so if you put
bleach, it takes
electrons from the
molecules that make up the
base and decomposes the
molecules, leading to

it in
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bleaching. Oxidation and
reduction occur
simultaneously.

Remove the black soot
that covered the
masterpiece, Was the dome
of the old Seoul Station
green from the beginning?

Carbon dioxide reacts with
oxygen and flies away. 2 C
+30,>2CO+ 20, +
(A small amount of ash (C)
remaining  after  reaction,
incomplete combustion type
This is done by matching
the molecular coefficients.

2 Cu+ O, > 2 CuO

4~5. What are the
properties of
carbon dioxide?

Soda, sodium bicarbonate
+ concentrated vinegar, lime
water cloudy
CaCQO;, automatic inflatable
life jackets, making carbon
dioxide rockets
2 NaHCO; — Na,CO; +
H,O + CO,

NaHCO; + HCI — NaCl +
H,O + CO,

NaHCO; + CH;COOH —
CH}COON& + Hzo + C02
CaCO; — CaO + CO,
CaCO; + 2 HClI — CaCl,

H2C03 — HzO + COZ
NaHCO; + CH;COOH —
CH3COONa + Hzo + COZ
Ca(OH)z + CO, — CaCO;
+ H,0

+ H,O + CO,
- : -
1011, Create a Cistgcclll;r;d bicarbonate 3 NaHCO, .
' ' C;Hs0(COOH); .

long-lasting foam
bath

Sodium  Bicarbonate +
Concentrated Vinegar

CH;COONa + 3 CO, + 3
H,O

6/2

3.
. 2. What happens
Combustion pP
when a substance
and
. . burns?
digestion

Burning of
propane (C;Hg)

Corrosion of metals (iron
and magnesium)

Alcohol lamp + oxygen
— water + carbon dioxide
2 CH;OH + 3 0, — 2
CO, + 4 H,0O
CZHGO +3 0, >3 HO +

candles,

2 CO,
Candle (hydrocarbon) +
oxygen
C.Hyo + O, > n CO, +
n Hzo
Wood + Oxygen

(combustion reaction)

CHg + 5 0, — 3 CO, +
4 H,O

Fe + O, — Fe, O3

Mg + 0, — 2 MgO
Alcohol (methanol, ethanol)
Candle + oxygen, wood +
oxygen,

Alcohol + oxygen,

CaCO; + 2 HClI — CaCl,
+ CO, + H,O

Ca(OH), + CO, — CaCO;
+ Hzo

2 KClO; + catalase — 2
KCl + 3 O,
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Eggshell

+ dilute

hydrochloric acid

Lime

dioxide

water +

carbon

Apples and potatoes change
color (oxidation)

Seconds
(combustion)
Combustion and

3~4. What does a
substance need to
burn?

+ oxygen

3+ .
oxidation T€ ©) T 0ag) = Fex0s(s)

(rust on metal)

Combustion — water +
carbon dioxide
Lime water +  carbon .
.. Complete combustion,
dioxide incomplete combustion
Cobalt Chloride Thermal P .
i, (carbon monoxide, soot)
5. What happens Decomposition

after a substance
burns? H,O

CoCl, ® 6H,O — CoCl, + 6

When iron burns, find out
what is produced after the

iron wool burns

Fe*'(s) + Ox(g) — Fey05(s)

Iron + oxygen combine to
form iron oxide

6. What should I do
to put out the fire?

Candle + oxygen

Hydrocarbon + oxygen

8~9. Fire evacuation
map

Make a fire extinguisher
Citric
bicarbonate

acid +  sodium
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<Table 6> Analysis of content related to chemical reaction formulas

Frequency(%)

N Chemical Reactions Contents Correct(%) Tncorrect(%) Tatal(100)
Writing reaction
Equations 38(70.0) 16(30.0) 54(100)
Balancing 22(40.7) 32(59.3) 54(100)
Mass relation 40(74.1) 14(25.9) 54(100)
A 2 HCllag) + Ca(OH)s) — _State of matter 32(59.3) 22(40.7) 54(100)
CaCly(ag) + HO(l) Heat in and out 44(81.5) 10(18.5) 54(100)
The kind of
reaction 38(70.4) 16(29.6) 54(100)
The —type of 3503 22(40.7) 54(100)
reaction
Writing reaction 5, (3 ) 20(37.0) 54(100)
equatlons
Balancing 27(50.0) 27(50.0) 54(100)
Mass relation 45(83.3) 9(16.7) 54(100)
B HCl(ag) + NaOH(s) — Sate of matter 36(66.7) 18(33.3) 54(100)
NaCl(ag) + H0()) Heat in and out 35(64.8) 19(35.2) 54(100)
The kind of
reaction 39(72.2 ) 15(27.8) 54(100)
The —type of 45556 24(44.4) 54(100)
reaction
Writing
+
c o8 CaOH)a(aq) = o ctionequation  33(61.1) 21(38.9) 54(100)

CaCOs(s) + HO())

S
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Balancing 18(33.4) 36(66.6) 54(100)
Mass relation 39(72.2) 15(27.8) 54(100)
State of matter 29(53.7) 25(46.3) 54(100)
Heat in and out 30(55.6) 24(44.4) 54(100)
The kind of
reaction 28(51.9) 27(48.1) 54(100)
The type of
reaction 19(35.2) 35(64.8) 54(100)
Writing reaction g 35 5, 35(64.8) 54100)
equations
Balancing 10(18.5) 44(81.5) 54100)
Mass relation 30(55.6) 24(44.4) 54(100)
CHsOH(/) + 30ix(g) — 2 State of matter 20(37.0) 34(63.0) 54(100)
COx(g) + 3H,0() Heat in and out 45(83.3) 9(16.7) 54(100)
The kind of
reaction 46(85.2) 8(14.8) 54(100)
The type of
reaction 18(33.3) 36(66.7) 54(100)
Writing reaction 55 55 o 24(54.4) 54(100)
equatlons
Balancing 20(37.0) 34(63.0) 54(100)
Mass relation 33(61.1) 21(38.9) 54(100)
2 H,0,(MnOy)(ag) — H,O()) State of matter 27(50.0) 27(50.0) 54(100)
+ Oa(g) Heat in and out 40(74.1) 14(25.9) 54(100)
The kind of
reaction 40(74.1) 14(25.9) 54(100)
The ~type of 47655 17(31.5) 54100)
reaction
Writing reaction 55 ¢4 o) 19(35.2) 54(100)
equations
Balancing 12(22.2) 42(77.8) 54(100)
NaHCOss) + CHCOOH(aq) Mass relation 34(63.0) 20(37.0) 54(100)
a (s 3 aq
. CH:COONa(ag) + COng) State gf matter 26(48.1) 28(51.9) 54(100)
+ H,0()) Heat in and out 37(68.5) 17(31.5) 54(100)
The kind of
reaction 33(61.1) 21(38.9) 54(100)
The type of
reaction 24(44.4) 30(55.6) 54(100)
o5 ket REg2A el st ol fE dob  didt E1F olff £ E <Table 7> Q.oF3}
Htth RESFE ofE A Entew 4 o
Zsieich shekgo] gl W o] f= ¢al Sl WS- A, B 38 952 F3hibso ois 4
o] 7EAA Y Yehte ddS B o]  ZFaL 54%, 56%7F 1R Y = Eb5t
FE Gt opekst o7k AAl HAA W 3 Kang and Lee(2005)7F AF3F AAH Z5shw
A 5EAAE YAl 2 38 qk3Ae]  Ae A7 AEE EEE =2 AA



W] ygoln, asstue] ozl Ak - &3] AAstojof AR tiFEe] sl A
71 WEe A, 22, ol wAlA dgow S wIdE FHS olfE Aby 479 Jid
galgttt. syt 1A JIAFES o] QIAFES Yo = ¢ otk dkow $7]
of A4 Fehs Sl wrkn @ R gol  AX 2ALFEOR EUSIAA & wdo] Be
25 M EAES F/194 247) $EoR F @ Hyoln
<Table 7> The reason for the chemical reaction
N Ranking Reason Description Frequency(%) Etc.
1 This is because acids and bases neutralize 19(54.0) 35(100)
) Bec.ause b(?th substances are ionic bonding substances, 10(29.0)
N ionic bonding occurs.
3 Because the charge can move 3(8.60)
4 The reaction takes place because it is a polar substance. 2(5.70)
5 This is because the chemical reaction is unstable. 1(2.70)
| This is because the acid-base neutralization reaction takes 21(56.0) 37(100)
place.
B 2 Ionic bonding takes place 13(35.0)
3 Because the number of atoms is different 1(3.0)
Reaction is unstable 1(3.0)
Due to intermolecular attraction 1(3.0)
1 Calcium carbonate is formed and becomes cloudy. 16(59.0) 27(100)
2 Because of bonding 4(15.0)
C Charge and electron pair exchange 4(15.0)
4 New substances are created 3(11.0)
5 Reaction is unstable 2(7.0)
1 Because the combustion reaction took place 11(47.8) 23(100)
2 There was a change in temperature 5(21.7)
D 3 Because water is created 3(13.0)
4 Because it is an ionic compound. 2(8.70)
Because ionic bonds form new substances 2(8.70)
1 Hydrogen peroxide was decomposed as a catalyst 17(60.7) 28(100)
2 Matter is created by electron transfer 4(14.3)
E This is because hydrogen peroxide is unstable. 3(10.7)
Oxygen reaction experiment 3(10.7)
5 Covalent bonding takes place 1(3.60)
| This.is because carbon (?ioxide.: is produced by the 12(46.2) 26(100)
reaction of carbonates with acids.
Ionic substances are formed 5(19.2)
F Electron pair exchange 4(15.4)
Because new substances are created 4(15.4)
5 This can be confirmed by turning off the burning incense 13.8)

lamp.
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<Table 8> Reasons for chemical change

o LI ofsfof msh it - 2015 7HY w2

Y FHez -

N Ranking Reason Description Frequency(%) Total(%)
1 The law of conservation of mass holds 34(79.1) 43(100)
2 Gas is reduced 4(9.30)
A 3 A new substance is formed and the mass increases 2(4.65)
4 Cange in chemical properties 2(4.65)
5 Equal to the charge 1(2.30)
1 The law of conservation of mass holds 31(79.5) 39(100)
2 Because the number of atoms does not change 4(10.3)
B 3 Product was produced 2(5.10)
4 It evaporates and loses mass 1(2.55)
5 Because there is no change in chemical formula 1(2.55)
1 Mass is conserved 21(56.8) 37(100)
2 The aircraft flew 9(24.3)
C 3 No change in chemical formula 4(10.8)
4 Water was produced. 2(5.40)
5 After the reaction, the mass increased. 1(2.70)
1 Mass is conserved 27(67.5) 40(100)
2 Due to super burning, the aircraft flies and decreases 7(17.5)
D 3 Mass increase 3(7.50)
4 Increase chemical properties change 2(5.00)
5 No change in chemical formula 1(2.50)
1 The law of conservation of mass applies 21(52.5) 40(100)
2 Gas is blown away by the generation of oxygen 16(40.0)
E 3 Mass increase 1(2.50)
4 There was a violent reaction 1(2.50)
5 No change in chemical formula 1(2.50)
1 Mass is conserved 24(63.2) 38(100)
2 Carbon dioxide is produced and blows into the air. 10(26.3)
F 3 Because the properties of the compound change 2(5.26)
4 Mass increases 1(2.62)
5 Decrease in mass 1(2.62)

Nam and Lim(2006)°] 9% 315847 of gk
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<Table 9> Reasons for heat in and out of chemical reaction

N Ranking Reason Description Frequency(%) Total(%)
1 Neutralization fever occurs 14(42.4) 33(100)
2 The reaction vessel is hot to the touch. 11(33.3)
A 3 Temperature can be measured 5(15.1)
4 Depends on state change 2(6.10)
5 Combine to form new substances 1(3.10)
1 Neutralization reaction produces heat of neutralization 14(56.0) 25(100)
2 You can tell by touching 5(20.0)
B 3 Temperature can be measured 4(16.0)
4 Absorbs heat as it evaporates 1(4.00)
5 Ambient temperature decrease 1(4.00)
1 Warm to the touch 6(37.5) 16(100)
2 Heat is generated by the reaction 4(25.0)
C 3 When a gas turns into a liquid, heat energy is released. 2(12.5)
4 Sediment is formed 2(12.5)
5 Water is formed 2(12.5)
1 Releases heat as it burns 14(46.7) 30(100)
2 The surroundings become warm 6(20.0)
D 3 Water is formed 4(13.3)
4 When there is a change of state, there is heat in and out 4(13.3)
5 A liquid absorbs heat and becomes a gas 2(6.70)
1 The reaction vessel is warm to the touch. 14(56.0) 25(100)
2 There is heat in and out due to state change 5(20.0)
E 3 The decomposition of hydrogen peroxide produces heat. 4(16.0)
4 There is heat in and out for stabilization. 1(4.00)
5 This can be determined by measuring the temperature 1(4.00)
1 The reaction vessel is hot to the touch 10(38.5) 26(100)
) Neutraliz.ation reaction takes place and heat is released to 8(30.8)
the outside
F 3 Absorbs the heat needed to produce carbon dioxide 4(15.4)
4 Heat comes in and out due to state change 3(11.5)
5 When you measure the temperature, it rises 1(3.80)
o] A¥}= Park et al.(2007) s°] FIRESOlA 6. 8 HIZAI9 B2
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