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ABSTRACT

'.) This research is conducted to investigate the effect of chemistry experiment classes utilizing
Check for advanced laboratory equipment at science high schools on the change of ordinary high
updates

school students' affective characteristics in science. For this purpose, we have developed six
a OPEN ACCESS new courses that relied on advanced laboratory equipment such as UV-VIS spectrometers

and NMR machines. Also, pre- and post-test surveys about affective characteristics of
students, post-program surveys and interview materials were collected and analyzed. As
a result, we confirmed the significant effect of those courses on ordinary high school
students' affective characteristics. By operating the advanced laboratory equipment
and experimenting with it, The students could have a variety of experiences related to
careers that they could not have in ordinary high school. Further, it is shown that various
chemical experiences through professional experiment activities beyond repeated question
solving focused on exams have had an influence on changing the perception of chemistry.
» ) Unfortunately, such chemical experiments through the regular curriculum are currently
Thisis an Open Access artide . . . . .

distrbuted under the terms of only achievable through extracurricular programs or special lectures held during vacation.
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Introduction

FF

A 4] ARglol|A] sHEEolAl 7= H 582 AAIH 0= YU E Sheg §50t0] & Z0l3d
& WA (Raphael et al., 2009), Etie] 2| 4] JH Alg]o|AM = HEvh= 4 2| A

Astal gatoto] M2 A A} 7|e& FEshe ol A7
7] el B BHYS0] L= A0l st ARSI E 2 sHYS 0] Snjot §
A2 F+= o] mj9- F 2 5}th(Park & Hong, 2014).

Al AE BH Shgoll digh et 2Hi7do] =2 AL eE 8H] AH 7t =7 Ueh= 5 A9
2 B ot AdF = Afolof] ZHZ TS oS Alel|7t ok B 9] 90 (Kim & Kim, 2010; Kim et al,,
2022; Lim, 2014), £% walo]] gt A o)A e =7} F4 2 o] th2 wifo| A= FA 20 Be S HojF=

=S Hol7] = SF{TKShim et al., 2001). 3}, S0|U &7 |7 52 /724 STHoj|A 5
#@C’J Q A7} E] B 2(Kim & Han, 2018) A 2] 2] EAJ-L- Y50 3¢ AF & o2 51
FEth(Kang et al, 2007). $FH, VAH JFHet=E7 2 Y52 Hetol| FrlE FFA7= 1
T Aol EAJo] Qo] ZRE|I 9] O B 2(OECD, 2007), &l w-So] 21

1 ZQ9%Jo| ufjQ At} olof -2juteto] wfsku-8-2 Q1| Wl Bl Zmyt ofg2| sHYSo
e 571403} 0|2 2w, BAS fekA o 2 s dste s BES 72t AT e Aol A
2 ZEZ 313 I OH(KOFAC, 2015), 2015 714 2811 9] 742 Q1% %9l
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At 5= 40~507119] Zrol=t 5 2|otelHoll HErl e A =2 et thgh o4 e mj¢- 2o
(Kim, 2013; Sang et al., 2016; Seo et al,, 2021), ©|2SF EA2 YA SA1 Q] | A W& AF] W&o Bl 502 5}
o] oSS Aot ITHKim et al, 2010). ©]2{3F 48} wfetof| Tigh 2 7 2|4 B = sl 2h= 0]
ot ApFA] o] a1 2] £4] Q1 Sh<zo] UojubA| Sk Bl FAg 49l 92 A = gt i Fofzof dlz A

Bl A okto] f2juete] 15t 7] ol thah A1 A H 2 A|oHA 2 4= UTH(Park & Hong, 2014).

155 0] A9 tigkpratsE Al et gt J oA B2 5] Bl A4, M mE = JAlolAe] &,
Fl B 59 o] f 2 A8 355 AActe A2 S A o] H(Lee & Kwak, 2020), X 22} 2HA|
Bl 47 A3 A] o2 Z3¢-et vl arsto] tisharol|x| 9] &49) AJFH =7 HoXiTkal B k]
ATHHong et al., 2011; Kim et al., 2010; Lee & Chang, 2008; Moon & Lee, 2011). S==3F, PISAU TIMSS 2] 45}, 7}
g F =7t 23S UEhARE A 1S td 0. & Sk A H] L A AR PIAAC ZARelA 421
3t -ZA) si43 9] /3 E+= OECD B+t |5tz YERHSL QM (Song, 2022), 2015 714 wSaHgol| A 2kt
ko] A Ao = Axotil Qe BAY o5 58 A OECD H+t ©fst2 Y= 5(Lim, 2006) 7121 2]
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ALz X 2E 3|ohs YRt 1L 5eHEElA e
2 2 oto] e A2 ek (Keller, 1983) 0.2 FA|QF 7+ %

Ao | o wddt =) M8l A E B 155HS onjour et al., 2015)°|Lt UV-Vis
spectometer (Jurinovich & Domenici, 2022)2] &8 7152 215 =R FE] HPLC A& 0] &3 HlElRIA]
213} FAH A Bowen et al,, 2018), AASE 283 & =4 Sh5art =1 H AL(Schwarz et al., 2020) 5 ©F
et 7| Y 2ofo] et A7} A o] FoHA|RE, ol a8l SHY(Choi et al., 2019; Jeon et
al,, 2016)°]4t WAKKang et al,, 2008)E th/d 22 XIS H A7} o 2ol I
2 3t A= of2] RE A] QT BEg, Tet Foke] 7Y o)A gt HeiE
E 3HETE TIMSSU PISASF 22 A Blalg 7ol A Al 35 = thi i A5 o] &slo] 3= 2oz
(Choi & Chung, 2022; Kim & Lee, 2018; Seo et al., 2022), 1524 | x]o]] 2|5+ o] 2] EAJQ] Mzl= 22 25
Sty S5k S-S T4 O 2 o] F0]% O ™H(Heo & Yoo, 2010; Nam et al., 2004; Park et al., 2006; Shin & Park,
2020), A58 SPYES o= oF A= A5eHY o] A o)A E/4d ARAol] Tzt At(Jeong et al., 2022;
Lee & Kim, 1996; Moon & Ham. 2016; Park & Lee, 2012; Yoo et al., 2013)” | tE-Eo| ATt

whEhA] o] A= fetale] ok FH|E &-8sto] o] 3AE R U2 E 3|Yoh= AR A5eku S
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Research Methods

Participants
o] A= Lt hulof|A 2g5t7] of R thdet Wt waIg A Y2 St wa Fe 220 6}
U= FYA| 27| ketargahao] ZId e ‘et o e & E8et ekt A Esol £ A S g
UHHA| 58t 25hd S 157 = td e & e} SAE2 wpAP7FAARE wa Alf R E ¢,
< Yote A EeolY TR HiEkE A 55 Alette s HAE 7 ARA S Aol oL
AR SE 0l AR 7 Al Aol A 7t A Bl M 2.9 A/ 2 B e = 3]k 209 F 15
= X785t 15789] MY 5 Fehg2 51, o2 107 0] 1, B 38} Al o] 3 A X =& 3]st

Development of Chemistry Experimental Class Materials Utilizing Advanced Laboratory
Equipment of Science High School

o] A= ffsiM M 71715 Z-&et et Y < AR E NSl ol &
739 10 o]/d<] aFt At 37 o] 7ol ottt 7iEe] ofeh wALF 17
SF AL 182 o3 AALBHQI S 7HA| AL UQUTE 7HER2 AP 2J2] 5 A Alsto] ¢
A Astin Fold Akg 7] Wk A Atz 9] F 2Esto] o] 3AlE R IR E Yt
WA 2158 50] 325 71712] Aks YU AR S ool e 4= QL= sfioF shal, &4 g
7] J5t0] WSIY T} AA|EH S Y AH] S AR A5k Keller, 1983), AA 3712] 2]
M ARESHE S Ad5to] HH] 82 AT EollA XA =% ok Aotk
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o] 2 /N 913t 1, 22} Fo3lE Sl AE 4+ A=ol| AFHE 71718 Aot o€ wsig Tt A4
Sh= 22 5k, o] & v o &2 VI 2~371A] FA|of] thgt =9 AF=E 7SIt 3%k F ol 2o
A7 = AL 2ol thigh 7 IS AR o, o]of ujet 4 H 4= At5E o|-&5to] W& &
G HARE oFiTt o] & IO & 42} H | 3]0 A 2|F = RS 2SSl
Data Collection

ek ek | & 285 315 AY Feo] o] AR R X2 E 3]sk dukA arEehl eEe] ot
Shof| thigk A o)A E/dol| rlx|= Fa Lot 7] floto] AR W ARE o] B HARA], 28] ARe A
A, £ A E Aok o, = H AR ol thgh 7Y B Table 132} 2T

Table 1. List of collected data

Data Frequency The number of Participants Quantity
Scientific affective characteristic test 2 15 30
Post-program survey 1 15 15
Course registration form 1 15 15

Scientific Affective Characteristic Test

}sho]| thet o] % E/JS Lob A8l AL 2= Kim & Lee (2014), Moon & Ham (2016), Kim et al. (2010),
Kang etal. (2021) 5-°] Ut} Kim & Lee (2014)2] AALoi|A= A 2)d J A2 A3 G Alet oto] 2745, AFA,
s}, =9k #2114, A= 2 A 22 AR 29s S A o}°1‘ o, 77l12] FHellA Z 6171
o] Bg}o 2 #Jo|% E/J-S Lot }Th Moon & Ham(2016)2] ARl A= FA], S0], A2, 47| =
A5 471 oA 2] F29712] TF o & o4 B/ Yot ko H, Kim etal. (2010)2] AR A=

A 71, 2ol oigt ek S5, HEtollA Zfolzig, fetol| A o] 2177te) 47 dellAe] &

1971 20 2 Aol EAJ-S Lol H T Kang etal. (2021 Moon & Ham (2016)7} Kim et al. (2010)2] ZHAFA| S
HiR o2 Aold £/ 20|, =74 5717, 1187, Aloid, FA1(&1] 2] I, =89 A|&A4), 1A
U, 27|24 58 T 70 Y92 Aofsl3lon, o] 25 H 48wt A5t 7| (Interesty= Lt

FA ol Tof| T 0 &2 L7|= et sh5EEe] ol g 5ol e 4 e 544 An| = A elot
D%(Park etal, 2010), 352 I3t U2 S7)of| sgaict £ 74 57]8 2 Instrumental motivation) 0] 2
2A517] flol| =2 A2 WA Zlto]u 531 5= fJal &<55te= 571 2 (Pintrich & Schunk, 2002),

= RH= 214 F7]5ol2tal & 4= ok 217 (Leaming anxiety)y> 5784 g A = 2pa} AdH ot H
g AJTA| S LFERATHK m et al,, 2010; Kwak et al, 2006). AF0F7Hi (Self-concepty 27| ZFAlo]] thal] 7}A] &=
2t 2 2 = 5 FAHAQ1 A2k ofnlsh o]n 22 ofn| & PISAC) A= Afota 57k (Selfefficacy) 2 &,
TIMSSOI| A= Al Zh(Self-confidence) O-Z AFE-5F31 QA THLee & Jeong, 2004; Lee & Hong, 2007). FA|(Grity= -
£ 3 sh7] Yt A4 %1 =31} £7]E on|ch= A 2= 27| A7 (Self-control), /34 Ad(Conscientiousness)
I} FARRE ZHE 0| ATk Al 27| AR/, F32] 2|5/ 5ol 2Fo|7} SlTh(Duckworth et al., 2007). 2HA 5
2+ (Task-commitment)- O] 5ol MA|E T o SUYsHA =™ sk= 22 2Jn|ekal(Cascallar et al., 2006;
Zimmennan, 1989), A} 2453 (Self-regulation)> AHrl o] ZHZ THJH S D/Jot7| ol e5At AA2T7H A
&l A 2 Al S ohH, el e Qle =5 ohe 5 249l 2o | T Zimmerman, 1989).
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O] ¥Lof|A]= Kang et al. (2021)2] AollA] ARESE HoH B/ AL B3-S 28511 TH Moon & Ham
=

(20162} Kang etal. (2021)2] A0 A = S of ek A5 L]8-2 A7517] SIsA £A|5 thA] Eole]
A2y, w2lo] 2|44 0 2 BRSte] 271 EASP|E SR, o] AolAl s AAHR oA Exel o

sfo] Qoht: Zlo|n 2 £X| 59) .42 75 gha BAslgict
2L B st 27 E 2= R sojgl on, 152092147, 2529 (R A 11832 B RO
a

2, U2 37732 344 2oz /=) stol tigk 9] 4] £4d ZAtel tigt Cronbach’s a £
08760 Atk TFatal M 4| & -85t 3l5F A Y Saa 48517 At 480 B § 27} 1i5te] 49

2 24 AL ANSI R0, ATk ZANG HEH 0 2 208 HE 2 e Eglc)

Post-program Survey

Teha e ]S B8 B8t Ay B0l o FALE WRE B Y5He ubA D55 o of
3 o)A S4ol n A= YT AEH 02 dobiy] SJsh BE F me 1) k] 2% ALE MR 24t
S UABIITE AEAIE LT AT Yu|S BT 85 AF Bl gk ARl Azt 2ol m)
= gl Watol B T kA G0 2 P B Htol] A3 WukHel 47k B By ) 2
o2, e7e] 74 F AHAloIA| 71 mgol Helrk AZske 2 24E D23 1 ol f7} RotelA] 2
2t o] 2130l Fojstr A 17 Hol cfstel A8 M&shs B0 P Aol vl

A& Gl Toto] 2= 2 57 £F2z o] =S F3l| ARdol A3l w2 ZES 2AsII=A?
ejal o] 2ol M) Fgo] o= Aphlef shed, ARl K12, etol thit e o] ojudt FFE &
AZA2A 5 =olBe et 2oz FE it

Data Analysis Method

Scientific Affective Characteristic Test
ek Aok A2 8185} 5le A1 3H= S A 8517 M} A-8o] BY 5 77} 1)8ho)| tish A o)A EA

%77 2
AHE AT ZAL 7:‘4— SPSS WIN 2605 ©]-8510 $4] 22|31tk o] T2 13Ho] Zofet sy 157
o7 A BIE 7S 4 glon g 7 AL Aol thato] Shapio-WIK AT HES Al3ie A Abd 2
AR L 819 0] ol 0l P0s2 A S Rofof vl BAS A8k o
Aol = AR T EAletE 2 =2 o] gk otk 7] 9151 Wilcoxon signed-rank testE A AISFATE

Post-program Survey

ek ek gl S 283 315} A9 F50] B F e e AL AR AAElIcE AR Bge TR
2P BP0 R T Y RS old B4 AAH 2T sho] ek TAFS Al 2 28]
sich A 5e] 242 DS BEL 19), A5 S} 19], SR SR 1901 ool ol ol
#1A 814 299) ALE.2 ol 84k oflu] £410] AWE viefo 2 24 WHo| fste] FIE stgom ol 2 vt
oz Alatsle] 24T A SASIE Tk SR 1A BE ZAsKslc 35 0R
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Results

Chemistry Experimental Class Materials

o3]S E5to] AAH AH]= UV-VIS spectrometer, Atomic absorption spectrometer (AAS), Nuclear magnetic
resonance spectrometer (NMR), Fourier transform infrared spectrometer (FTIR), Rotary evaporator, High-performance liquid
chromatography (HPLC)S] A Z-71 31, A% 7]*H-2 Thin layer chromatography (TLC), Column chromatography,
Recrystallization®] M| 71 S7-2 & ok 71 S72] 7|71 5l AY 7|Rolt}. o] e Fu] 9 A 7o o
2] = 28R Qe WS/ AF 7SS A7 ste] miAshe 2 S A AISHATH Table 2).

Table 2. Related achievement standards

Equipment or technique Contents Related achievement standards
Analysis of organic and inorganic .

UV-VIS spectrometer substances 12Chemistry102-02

Atomic absorption spectrometer (AAS) Analysis of metal ion 12Chemistryl02-02

12Chemistryl01-02

]

]

. . ]
Nuclear magnetic resonance spectrometer (NMR) Structural analysis of carbon compounds 12Chemistry[03-06]
]

]

Identification of functional groups of 12Chemistryl01-02
carbon compounds 12Chemistryl03-07
Rotary evaporator Separation of mixtures [9Science13-03]

9Sciencel3-05

— e — |

Fourier transform infrared spectrometer (FTIR)

High-performance liquid chromatography (HPLC)  Separation of mixtures

[ ]

Thin layer chromatography (TLC) Separation of mixtures [9Science13-05]

Column chromatography Separation of mixtures [9Science13-05]

Recrystallization Separation of mixtures [9Science13-05]
M AT ] S NMRT}FTIRS] 4] 215 Aelet wal 9 A3 7122 SiXek, 412 B8ste] o

N

(o]
2 4 Qe AR W & doledo] S50 Bal] TR 43 7127 BRio] Itk UVAVIS spectrometer
oF AAS B8} T o] 9ixjo] 7o} pratstol Au] 2H50] 91e)S A% 4 9100, Rotary evapororts FHL
S St B Aol o} SRl 8 843 119 37108 Y W 2t e )
HPLGTLC, ot dsopriy = 3542 381e) 298] el 3 Lot 1ajsie i 4 4513,
=]

o|Z ujgto & mm 3 | B 7S 28 ARSIt U AR T A 2 =
APE &5t U A 7Rol 2 A 8= Al E 22§ ol & B8 Yl ARE dste eAZ A
=] At A FAl= 17181R] &, 2.0kA0R 4, 37kt ok AT RIC] ARy, 4702] 8 A, 54
2] 688 4 M2 P24, 7HENI 28 4 HIEN C AZFo 2 £ 77) F2A) 434 42 0 2 skl
el 29) A3 vhetnestn skek WAL 591, YHkA 1=ty 5ke WAL 5910 ZEE Ul Bl S
AZzHokth g el == U8 B A 4x(Content Validity Index, CVI)oll 245H0] Ttslict el E A
T % Z7F 2tto] Za3h uf 27} A4S AEisks Aafo| Z715H0 & (Krosnick & Fabrigar, 1997) 319 HALA]
o] 7+ Bako 4THA| B) A E H & 2 Asto], 7F 2t st cvIZ0.758 Zatets Bae Msto] 1est
A
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439 B S5k 220l 2 91 A L5 eE
8 M BHOR % wl BYo|glon] ofF e BFEE A5 A
A—.'% P%XﬂﬂoP 1~z)4 AT 14252 g0 2 BASI9ITE U1 g B 0] AT Table 37 2

Table 3. Content validity index of chemistry experimental class materials

Topic # CVI Topic # CVI Topic # CVI Topic # CVI
| 1) .90: 5 1) .901 3 1) 1.00: A 1) .90:
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s 1) 1.00* p 1) 90 ; 1) 80
2) 1.00 2) 70 2) 30
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Fig. 1. Example of chemistry experimental class materials
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Table 4. Contents of chemistry experimental class materials utilizing advanced laboratory equipment of science

high school
Topics Contents Periods (50 min)
Topic 1 ~ Extraction of caffeine - Caffeine extraction using difference in solubility
- Mixture separation using density difference
- Removal of solvent by rotary evaporator 4
- Caffeine determination by UV-VIS spectroscopy
- Structural analysis of caffeine using NMR
Topic2  Synthesis of aspirin - Synthesis of aspirin
- Purifying compounds by recrystallization 4
- Caffeine determination by TLC
- Structural analysis of aspirin using NMR
Topic 3 Quantitative analysis of caffeine and aspirin - Quantitative analysis of caffeine in coffee using UV-VIS spectroscopy 4
- Quantitative analysis of aspirin in aspirin tablet using UV-VIS spectroscopy
Topic4 Copper cycle experiment - Acid-base reactions and redox reactions involving Cu 4
- Analysis of Cu solutions Using Atomic Absorption Spectrometry
Topic5 Separation of pigments - Separation of pigments by TLC )
- Separation of pigments by sep-pak c18 cartridge
Topic 6 Analysis of metal cations in beverages - Analysis of beverages using AAS 2
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Development of Affective Characteristics in Science
eto] A oj2 £/ AAE gl ol B4 771 shel 243w, =74 57 A2, T
A], 20784, Aok, A 2k jof| thisho] Lol = 4T (Table 5).

Table 5. Wilcoxon signed-rank test result on the scientific affective characteristic test

Sub-Elements N Mean (£SD)  Negative sum rank Positive sum rank Z p
Pre- 15 422 (+0.46) -
Interest 6.00 72.00 -2.596b 009
Post- 15 4.52 (£0.44)
- 1 4. 44 «
Instrumental motivation Pre > 67(044) 0.00 28.00 -2.388b 017
Post- 15 497 (+0.28)
. Pre- 15 3.58 (+0.53) .
Self- ti 14.50 76.50 -2.176b 030
elfregulation Post- 15 3.88 (20.61)
) Pre- 15 3.08 (+0.44) N
Grit 17.50 102.50 -2414b 016
Post- 15 3.80 (+0.46)
- 1 . . «
Task-commitment Pre > 3.69E0.79) 7.00 48.00 -2.106b 035
Post- 15 393 (#0.72)
Pre- 15 3.03 (£0.67) -
Self- t 5.50 99.50 -2.95% .003
cireoneep Post- 15 3.81 (20.70)
Learni i Pre- 15 248C0.76) 12.50 78.50 2.318b 020"
earning anxi . . 2. .
g anxiety Post- 15 2,89 (+0.54)

p<05,"p<01

Wilcoxon signed-rank test 22}, 2Fs}o]] thet A o)) E/Jo]] & 519 QA0 BAR o2 Foju|stA &
7¥etSltt, A A 02 S n](Z=2.596b, p<01), =74 57|52 Z=-2.388b, p<.05), AH7| 2853 (Z=-2.176b,
p<05), FA(Z=2.414b, p<05), A2 (Z=2.106b, p<.05), At°F7HE(2=2.95%, p<01), 717§ (Z=2.318b,
<0504 AR AAZE AP ZAALRL B wsto] BAIA 0 2 Folu|sHA| S7tstltt &, stal Hat | &
283t steh Ay 52 ol FAIER JZE S|y she YHtA 158kl sHE9] Ttstol thgk A of 2 £/
61-01=o1] _§_jv_]- O]h VAl _g L}E}uq

T2 AP ASARA 27 F AAlolA 7 5o EUH A 7HA1 4 )] A= Fig 29t Tt

Extraction of caffeine

Synthesis of aspirin

Copper cycle experiment

Separation of pigments

Quantitative analysis of caffeine and aspirin _

Analysis of metal cations in beverages

Fig. 2. Results of preference survey by topic
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