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ABSTRACT. The purpose of this study was to identify the problems faced by students in sub-microscopic representation of
acid-base reactions. Herein, we selected 30 students of 12™ grade science classes, who had studied various acid-base models.
In order to investigate the sub-microscopic representation ability of the students, we developed nine items related to various
contexts, such as one type of solute and solvent, two types of solutes and solvent, cases with water as solvent or with non-
aqueous solvents. For all items, we consistently observed lack of concept of chemical change. In context of aqueous and non-
aqueous solutions, the frequency of lack of concept of chemical bonding was high if ammonia was the solute or solvent.
Moreover, the frequency of lack of concept related to the degree of electrolytic dissociation was high. Therefore, chemistry
teachers should understand that students’ ability to sub-microscopic representation of acid-base reactions can be enhanced by
analyzing the difficulties faced by the students in solving diverse acid-base problems.
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Figure 1. The links between the three levels of chemical rep-
resentation of matter.?
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Table 1. Context considered in item development
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Solution Solvent Solute
Number of solute Matter (Item No.)
Aquepus 0 One kind HCI (D) CH3COOH (®) NH; (®)
solution Two kinds HCI, NaOH ((D) CH3COOH, NaOH (®) HCI, NH; (©)
NH; HCl (@) CH;COOH () Omitted because it is same as solvent
Non-aqueous One kind Omitted because it is Omitted because only solvent and
solution Non - CH;COOH HCL(®) same as solvent solute are changed
2] Bl Ao A E A H 7] vEg-o] dojur] wiE AlA 23S AHESHE gRFo] ofd e thedRt A7) AN
off Hl=-& Y Aol A sHYEo] FH|AA A4S B A dS W A&ste A7 dolie otk whEbA
Agoh=Al dotEr] st @~ £F= Ntk ol A AT RS SS9 A4 7] gl gt
APt 7] WS th st EE Y A 2= Hebeaet TN A 43 FE ] ol gk Hxo S &
OMNIEA, AU ER, YRyl & & 57HA =29 T U=F A A
sl en, o] = S5 etao A 4k g 7] vh-g-ol A 7H of Ao = wdellA Tl ARt YA 5 1
‘j-‘ol e E4o)7] wiwolth Rl kel gk 4 sto] Jidor FEE uHT ¢ =S S 1
<& Table 19 A AT w39 3= Hol=E 11 Hu oA 2=t o JEE AAsHA] =t
OPO% &4o] st B9-5 HA AL, I FolA= Y EE BlegAoA ] FE=E 5T 4 fle Aol
ol 8miel B-E WA A= A= 5T ok E3F o] A3t w A= -8 Aol A e mhxkrEA] o] o
A -2 WIS a5t 33 S E ol A vk, A gy g 2o mipA oA s -9 0|23 EE thF
71l et W8S =Estul S RE FotuoA = = HoA 2E9t T =S AASHAINE HHEAo R
7] ol Bk BH A A kS 9lste] SHYE A A7) WSS AABHE A foll R=U w=o] 240 w
o] A3y A48 A= Q8 Ha Hohe Aol WS ot FefA] = v 5838 R AY YAISHA =tk B
A G ZF B2 tigt 7] 249l G H (34, 7Y, A o Hl=gol A A Y] thR A il 7] Wizl Y
A, A A Fe] MHBHE 3ol AAsAL, T2 At o] Eol B8 Aol A A 2S & o =4 =7t
T2 AAY A LS Do R 2 Rl a4 TR A] ¢hobA] ol H S A 7Hed2 At whebA o]
sholch =3 A AR 22 %01]/‘1 oj Fjo] a7t ™ Atoll A et HE Edole e 259 525
of 2= Aol thek AH7} FEsto] DA 4= Q= ZA FEAIBHA] kT o) = MY S0l S #Eshe B
£ sidstr] fiste Wk Xﬂ/\F‘L o whg-ofl FrofshA| A gEe] Hokz Qs dojuh= ETS 7] flsiAfolt
W T2 o FH o Ao AASHA. 1y Nt E&ol s §do] 3 FH Weto A &yt
AA 2 BEg-of] FoshA] g g YAPOI A T E 0| S 7F Z42F ARIAl A71QAA &2 &t obd A9 A 7
Abo 2 2k-gsto] "ol 4= itk 27ld S 7H 99 A GA Foll 7 7HA] & AR shglon, 3HS
= olE 28E & e YAE FAISHT Al E 5o A gk ol F-E AXF Sk o] # 7 §A /442 Furid-Mas
P AP A Y E-2 eF L ofof =418} o] 0] EFHE] 5] A0l A 8hel 7 2 (Conceptual model) 37HA] &
o] ¢

2~ ol v
TR .

Qrre] oA BAS FAROE A Bapol] A4
g olfr= TS0l AH97] JidE E@ske ol ==
2 77] 913 Aoleh. o] ATe] 2WE ol tht Zo)

iz stk 2y §o] B R HeliL §
Ak gulo) A, @7 £ 7 9 1 0| §-2 F3to] S
AT Q= M7 FAT H7|(a, b, )= NSt
(Fig. 2). oluff ©=] 2] A|2of A7) st ddago] of
3t Aol 122 Ay st =, 23S To] Al E Tk

=3} DZI_,] 3t jgo g e = ‘57] a: Ak} 37171
A2 K ofQitt’, Arrhenius 71'd 9] E£3ME-S- A 9] 9] <1 7|
b: E1} ¢o] YA HT)’, Bronsted-Lowry 7'd 2] 4AFx} &
717k wk-g-at 2HAtak 2el7)7h A E Tk el o
‘K7 o N2 A 7|7 AR 2 SR E A 2S)
S, S Al 2 A3 0] &2 AL E 5lo] HAY
o] 4k, 947] el olF) fE2S FRHOR W

H

Journal of the Korean Chemical Society



chefek A7) EAE A oA =R asstal 3

4 o

STPN of o
ofh it ol FtiEe BRI se vl gyt

Aota?
%5 8o gravorey | - BFHA: HA
-0 O )@ = HF2])
- 83 328 2aNzL
- BTB X|A|9f 8IS : 2hA
X SraL[o)
“BHSEAL NH,
-2%: @\ (@ = HiZ4))
R S LN T
cide & moct.
- BTB X|A|OF BFS . mgrs

A AR

Q2. 9 Mol gstract ghwuols 212t Aelrtar grlazt

22 B E o obdrte? JI3A 7S olge 2AU7ta?

- greyolt (tolct. / @7lolch / § T} ohct. )

P E 2
ok 23t 2ol (H o) °l £ ¥l (cHicoon) T T ony
Yt
X OPH[E &7
- =5t CH;COOH
* i, $ai8j0|20] -2% 6 (@ = HEra)
YOI2 2 YAKAS - 87 GMEL 3582
& sy fi,
- BTB X|A[9f g5 @ =2ty
% ZAEI0[27
= e ofF
- 2% G @ = HiE2] )
- gF duEs sog
 BTB A|Njof wie ; i

dE 2ol oA EXZ7ra?
g7 o] 1a4FM|9.

Q2. 9 HRolM = 279 &30l tiFt BBe= 7P Hohl A

£ e Boertar
a. A1t @717t M2 A 9lck
b. 21} o] ABAEIC)
c. ze 4t 7Pt AIck

a

ol

A A2 ol :

o ME 2A} A WA AR Akl 1A
- 3 categorizing), 313 (coding), 418}

ot
Hir
ol F

2020, Vol. 64, No. 1

SPd of3} SIS F014|2 Hy S| Aol 33

- ——— —
— -~ -

-~

* 9| JHo] 43t 25 H¥/0lw -
33 BL e)se adshle

Aapol uheh BAHYCh ARt A G HEe
Faste] 142 f28ke Fol HYshela, Hetu g 2l
w7} 291, Bhebing wpAREbY 1903 @A oot 1
o ety PEstech 1 23 SYEY WS 2
] 02 ERSAAT 1 30 24 2E %Joﬂ

=
of §4Z =] W ﬁ*“’ﬂﬁ %



(US]
S~
T
T
o)
oo
s
X,
O
—=
N
%
N
B
)
T
==
%
2

o] At AX A FAo g HE GF5lo] &2 & AEvte] stAgig o doE Helou, @H &3
& A= FHE A= Aol 3east 7id e He et ddid o dolE Kol st 71 57183
Aol Bheots EARRY oA AY 2= ¢4 A H(Fig. 4). ol & 50l @H E&olA= AAE B2 o
o B thgt olsfj o] FE£o 2 HE LAYSH= A 0] 2} ol BE s FE(a), 21 9FEyofo] HhSo
U 2] g {32 o] 23t = Jld Y] Aofjld ol= @, B, A BERHE p4 AR 9ol Ryt = A o]
©®@WH ZadolA A5k sHIEY A S ATE ot gl e ujore] =4 A7} aff 2] == FEl(b), &1 ¢
O 2 {58 Fuslsio] g S Az & 533 = YA 3N F2 g4 o] F N7 B A 3709
AHEsF o, o] gt T2 22 f-5o] TAE R & Fr Yotz o]5dt= FHi(c) Tol A= U o] TS
< Wj7hA] vkEsEg TN A BAAES 24 U sk sl tigt ol 7t B
sho] HrAlEl 71 0 2 HA5HY T}
Ij__rl. 247 |.|;1=| El_ngl @N@ E’b‘]—_,] H] _Q_OH /U—E]—Oﬂ/ﬂb ﬂﬁ}ﬁ’({jﬂ]— 7Hl§_,]
Aoj7t o 2 =gyttt o]of sigsts Y SEHS
s JiE el A0d EAske] ZF kol A Ad e Abel| ek A Fig. 5ol A A
Arthenius 7]'§ 2} Bronsted-Lowry 7]'d-& v A] & ¢ A=2] shath @H B32 93149k ¢ olr) b Bl
AP M} PS5 o] M2 S8 A== At o] B2 Brensted-Lowry 7}'d ol ]3] H3t=asof A Hoj
7] vk Arggteh. weba shebske] AdEl Aba Fax o] o] ofryotof AT} Eojof gttt o]ef
7] BheS et Ao o3t 9 §Ho] §uj Ho 7 H S &7 32 T RAIN 2A AAEH =- o
ARl = @02 A7t A2 S| HEEE o]§|st= Al HL5E 4y o] o] stk ek §3(a), Le
Folehal wEn) ofof B E S SH AHIE 3 = kA Fal §A O] 4 o] o] FfiPE =
Fig. 30l AAlskATt st 5ol AAGE §3 Sole O Fb) 5ol FA AT @ Z3-2 oA B4} oy of
5] §& T g7 E7kE o] 4o vk FUlAIA 44 (a) o] ¥h-goln, @M} FARRE S 350l WA=
ojuf o] gl mof Abekxl FrAlA FA4HD) 5= 5 249 YROA 4 o] o] sl 2| E= A A A
ol gt ¥h-g o2 FA sttt ©= AAHET. £ & EdoA dlgd 4 o|l2E
o] ¥h-3-3to] g4 7| A7} HAY gt = EnAl A EH(d)E
istdet g el 204 EAE T T 2o @H A F EHAA BF 5
H3treart 23 ¥HEohe O EdolA= 3789 g 2 o] 2o] S HT= R = EAEUANY OF £

,@@Q O e!
o © -
"6"’@’@

Figure 3. Examples of students’ answers related to lack of chemical change concept.
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Figure 4. Examples of students’ answers related to lack of chemical bonding concept in item 3.
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Table 2. Number of students with lack of concepts by the items (%)

ftemNo. 2 3 4 5 6 7 8 9

4(13.3)  5(16.7)  5(16.7)

Lack
Concept of Chemical change

3(100) 4(133) 5(16.7) 4(13.3) 5(16.7) 4(13.3)

Concept of Chemical bond 3(10.0) 6(20.0) 15(50.0) 14(46.7) 16(53.3) 21(70.0) 10(33.3) 9(30.0) 13(43.3)
Concept of electrolytic dissociation degree 27(90.0) 30(100.0) 30(100.0)
Ao g FEE o Ut ()= ©W 3ol that g9 & 22 2 HA
S0, 3719 d3taTt oM EANY T BE H ks
a0 4] 4 o] 0] 2] ske] oM EAlY] E& FHAIA o] Aol A= st Eo] theket Wete] A H7] AIE
F4E AABEATE o= ABkpaxet opA| EARS] HE-Z-of = AlA e E Yehl= B olA T Ashs wAId
A FFo] Bhg-9] o= A oA o] Foj A= A|of Tt | FAJRE ghofstaiz} skict. o] &5 fIske] thadt
Mol Aojel Aol weba] o] 23tk 7igel Aoz A7) BES ohget a5etal 351 o] 3t sHAE 307
& 4 ok = e A 2AE shglon, 3t 79 &40l &
o == A4 & F7Y &) Sufjo m= A%, &
=0l tE FEE M HIS Hl 7k =21 B9-ef &o] obd S s o2 W R 9
97l 3ol whE 2ol £ M5 W& 2415 Mo} &= skt
Table 201 A| A 3FSAT. ket sl 7 o A of = w2tof whet A 2, PSS FHAA e R 4] vhS
HSHS Holx] oFal Bl A AATE S (Ht 144%)= = UEtW= g ollA 37H4] F3 9] A4S oS3t
i Zl skl Aottt sty ol alseha 38hd o3t 5 AA= spehist g o] dojldl, asstal 38kd o]}
Aol = Eatetar, Nkt v & 9] s Eo] o4 3| SYER I}t 1T ST 7HA] o] =8 A RE AAA] B
= Hatel slehHsle] RS FHAA Y oA Z*«l =¥tz A7) Bhe2 Sl A A 24335} 6)= H]
FotaL Qlow, 4kt 7] 9] whg-5 E9to = st AY o] o] HEH U EA= et Ead gl 2ol
|Ho] A A= Ao ® osfstal &S & o Uk Eﬂ =4 oA o= 99 fax o] 2o] WojA AL &=
shabadt /g e do= O, @H, ®H, ©H, 18t Alof thet g o2 oheft 199 /S UER 3L
O oA A oes 2 vlaS HEW T o5 th AR = o] 23t 7 9] 7“°4°ltﬂ 7ol tfFi e o
oA @S ALt nE EF FEFHLE dHYotE A Eol olget £AIE 7 Al ® WU
Golu &ulj = AREStaL Qi o] 2|3t waoll A slehd e o B e A B Oﬂﬂi *P 7ol TE ot A
g Aol it Aoje] Hgo] 52 o] f= AP A7 HS AAS uf, Fu| A2 4o tigt agF ZFx27) o]
A A1 A3 kel 2o, 4=4ks} o] o] Gl ARl A o Fold avt vk Fu|AlE B4 AAA A4S A
Yol H7|= o]dfjstr] Hits a4 o] 25 Wee At HAOR FHsh= oA ddEojof & 35t w9
2 AMsh= A ol e 4= ek B3 @ A F8A| Sk ARaLol7] wizolth. 53] i it
oA AT g o] Aol HlES w2 A gk W 3o A= A7) AE S YAl iR Al A &
49} opM|EAto] WG AT A 0 & oF4kQl ofA EAlO] FO® S| Hrhe SFekAo® FshHA Thest
T 02 HFOPOF sh=dl, ofA| EAO] Alo]ehal A Z}S sk oA REA sfElu Ao Ad, &2 &4
o £ o] 25 Y wethe AR Y] delr U T2 Qrol| A Ao R 8] 2ol F-ofl thEt &2 S
ERsteh w 5“3%% HSp22 8} OF M EARS Arrhenius A Sh= I o] Ay &EM THA A 2433510 5 of
2ol B oA stoz QA5 wimof et d4 He= 7HAA He 7Hs ol wH-
ojefaL sfjAe 4= qlct. shet g ofslistr] flsid= AXA ez R &
o] 23} 0] 7ig o Aol W EF BSR4 tj e &S T oA EujAl A 23S AEE] 28 4
S50l /AL BAE BAHGC B Bk ol EAE  glojok 511, o] S AP A EHOR AR 4 glojob
of Wb @ul Babol A £50] (10%)E0] of  Frh Iu o] ATE F3) FEAGLGBAS BE
Eabe] BEAQI o] £8tE EASIACh Tt 1 9] o4 1ESka 35 S B0l A-g7] WS FulA
Weto| A= 4k H7] Wh-g-of o] &3t=E arEsfjof gttt A o st oy es 7HAAL e Eelst
I AbaLshe HAgo] B = gl Rk wEbA A AR Q7] RS e o A E

Journal of the Korean Chemical Society



o
o2
]
=
o2

7]

rlo

A& A AR Bhek wrg Al o muk EASHA) B, 24|
4 por mHsle AL S0l AT Aol
Basich Bok o B8 I3} [ LAA A= Shehur
AT} G Thort wletol 4o ZulAH EALS A4S
gt wew Pasjein Bo}

Acknowledgments. ©] =5 = 4= 20199 tjsial
= g Rel BT ATe] AU wol 2AE A7)
(NRF-2019S1A5C2A04081191).

REFERENCES

[u—

. Nakhleh, M. B. J. Chem. Educ. 1992, 69, 191.

. Garnett, P. J.; Garnett, P. J.; Hackling, M. W. Stud. Sci.

Educ. 1995, 25, 69.

. Paik, S. H. J. Chem. Educ. 2015, 92, 1484.

. Taber, K. S. Int. J. Sci. Educ. 2000, 22, 399.

. Taber, K. S. Int. J. Sci. Educ. 2008, 30, 1027.

. Talanquer, V. J. Chem. Educ. 2006, 83, 811.

. Teo, T. W.; Goh, M. T,; Yeo, L. W. Chem. Educ. Res. Pract.

2014, 15, 470.

8. Taber, K. S.; Coll, R. K. In Chemical Education: Towards
Research-Based Practice; Springer: Dordrecht, 2002; pp
213-234.

9. Watts, D. M.; Gilbert, J. K. Res. Sci. & Tech. Educ. 1983,
1, 161.

10. Tumay, H. Chem. Educ. Res. Pract. 2014, 15, 366.

11. Tumay, H. Chem. Educ. Res. Pract. 2016, 17, 229.

12. Schmidt, S. R. Mem. Cognit. 1991, 19, 523.

13. Wandersee, J. H.; Mintzes, J. J.; Novak, J. D. In Handbook

N

NN kW

A Ang ol A =ei sk 35

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

ERRECELREEAUEEBEE 37

of Research on Science Teaching and Learning; Gable, D.
L., Ed.; Macmillan Publishing Company: NY, 1994.

. Sanger, M. J.; Greenbowe, T. J. J. Chem. Educ. 1999, 76,

853.

Schmidt, H. J.; Baumgirtner, T.; Eybe, H. J. Res. Sci. Teach
2003, 40, 257.

Demircioglu, G; Ayas, A.; Demircioglu, H. Chem. Educ.
Res. Pract. 2005, 6, 36.

Gilbert, J. K.; Treagust, D. F. In Multiple Representations
in Chemical Education; Springer; Dordrecht, 2009; pp
1-8.

Johnstone, A. H. J. Comput. Assist. Learn 1991, 7, 75.
Johnstone, A. H. Chem. Educ. Res. Pract. 2000, 1, 9.
Jensen, A. R. The G Factor; Praeger: Westport, C. T.,
1998.

Chittleborough, G; Treagust, D. F. Chem. Educ. Res. Pract.
2007, 8, 274.

Talanquer, V. Int. J. Sci. Educ. 2011, 33, 179.

Taber, K. S. Chem. Educ. Res. Pract. 2013, 14, 156.
Kousathana, M.; Demerouti, M.; Tsaparlis, G. Sci. & Educ.
2005, 14, 173.

Romine, W. L.; Todd, A. N.; Clark, T. B. Sci. Educ. 2016,
100, 1150.

Furi6-Mas, C.; Calatayud, M. L.; Guisasola, J.; Furio-
Gomez, C. Int. J. Sci. Educ. 2005, 27, 1337.

Creswell, J. W.; Miller, D. L. Theory Into Practice 2000,
39, 124.

Oxtoby, D. W.; Gillis, H. P;; Butler, L. J. Principles of
Modern Chemistry, 7th ed.; Cengage Learning: 2015.
Harris, D. C. Quantitative Chemical Analysis, Tth ed.; W.
H. Freeman & Company: 2007.

2020, Vol. 64, No. 1



