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1.1. 979 284

Ay 9L dd AFguSoA Fag FiEeln, oW 73 A
o 5] EAAQ &Fo] Hol gri(Hofstein & Lunetta, 1982; Millar,

1987, Tobin, 1990; Kirschner, 1992, Lazarowitz & Tamir, 1994,
Hofstein, 2004; Hofstein & Mamlok—Naaman, 2007, Agustian & Seery,
2017). &A1 #3 FdolA FAES V& Ao dEo] AR A
21 & F5381 ¢k o (Pomeroy, 1993), #8tul 52 Aol Al #3sh2 &9
Adgre] oyt 1 HAE FA AFEoF i FAFo] AAIHATH
(Bates, 1978; Hofstein & Lunetta, 2004; Seery et al, 2017). ¢ o}7}
A ool sAolA Td oMe ATE 4 Atk Aol ol g
G e o FH = o] gkt (Hofstein & Lunetta, 1982; Abd-El-Khalick
et al, 1998, Tobin, 1990; Roth, 1995; Hofstein, 2004; Seery et al,
2019). oldl Ad FH2 #dE 7tEA= d1 o M Tasta A
Mo AMEEE Aol HAa(Blick, 1955), oA ¥ st

o
‘.EI"
Tl AH FHeR v x2S FAS oA ofEA of

stale] meldo] FAA AT} o &

o
Wot 93 AED Sl 2F U s e

AbHE AtoldlA EAz o w TAZ Aow EA ] $tal(Elliot et al
2008) = Ado] glom, ARy

L i
Rde garow A3 Ade] digh FelAQl Abare] Adsely A



AL Ao g Al AtnEFE Yo E3 HPS Fxe
stst uaol sske] Fxet 7]Eol -‘?‘*%L%L #uk oby g (Renner &

ﬁo] gj\g_nd _]g p;}ULo] uHO Z/\quo] o]i
o]
AR
P

_/_l‘:
Holgte A4S zHA B F UthReid & Shah, 2007). WA Aol

Sake e wel TANA A AP, F LB B Aol o] Fol
Aok gk,

1947161 AEstns) Add e Ael B8 28 Fde 2047 =
33 mEgelA BEHQ Ao welEeld AFAA oleiAm Yrt

o]

AN
(Siebring & Schaff, 1977). Agustian et al (2022) thsto|A 3}s 2
A T dHEste] 30571e AEA AGE SAE Ay, Y Y2
3 AW A%, & s, Ak At 2 Q1A s

=

) o

(transversal competences), AA % JA93 FHEH 5712 234 Ad o
KeX A

Fe 5T 5 dvtn A Ue dGAgN FPEL

4

3 e Fo olgd A% J1e R AY AAe 2o w9 nd g
& WEHor Aojof si(Seery er al, 2019) 3k A2o] P
el S5 el oa? 73- H A%s® @87t AdReid & Shah,

o
10] ASA el 2do] ofd Aol A3 oS
= A4 7]¥ke] e (Agustian et al, 2022)

2 B3 AY FUL WAl olE WA= Aol Basih

(Blosse, 1980, p. 126; Seery et al, 2019). 2&d 449

I
ol F AYS TS 2L YAty ARH £YL A

Aol 7Vl At (Boud et al, 1986; Reid & Shah, 2007). &3k A& ¢
o] o< ’“551”}7] A= ALHA A3 A & F4 il
HESIE Fo] Faslth(Hofstein & Lunetta, 1982). L&} oo 3t
TS st Xﬂﬂﬂﬂ Rl A FHelM od ASE F8 HAHo=E
axje) ek AL R FFEI] ofH e B



2l AP EL 38k (science studies)) o] oA F}slnl o
TGS AU AAES A= St o E B0, JEALREEH I
o 3t AAFE S A A (eg., Park & Hong, 2022), ¥8tA} o
(e.g., Pantidos et al, 2001; Begoray & Stinner, 2005) %=+ A}3]3}
5t o]4t(e.g., Xiao & Sandoval, 2017; Fooladi, 2020; Herman et al,
2022)% el m ol Faste] shalo] wal Adol} wahH b

ot o vk el wskeks Fa AR A U—H%
olg| & AAYN(Kelly et al, 1993), ZFAANA] =
A ololt]o] = HE] A2 WIS AAT F
(Chang, 2021). WetA A3d FHo H4o] Haf #38te] AALe}
= A FHE SHE AR g el 9

ri

J?‘J

1—ﬂm

s
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o uw&

w5
s}
751‘ 4 A]_/\l = oli
AT

2o 2 HE =3z

von Liebig, 1803-1873)2] AldlS A3k
A el g gvsle A4y HHS
=0 gkatE sheeE ofye} 343F o] o] & 3k
H, ststol A HE 49 TS T K
5199 tH(Hofmann, 1876; Volhard, 1898; Fruton, 1988). o]& gt HoA =1

7} AEAe Aga ujo] weky Ao Ad =elo] EAo] Fojo]x
EARTE oo ## e ©e 2e F Ae Aoz Az o
2 99 usle AhAE RS, SU3 TFaolA 1o AT
ARe AR H ool AWLMo 17 A4 SAe|A Feto
Agefel wakel M&stdith o gusle]l BAAM 4F Fdel B
2 Aelstaa o) 49 =7 wede BAFoRA use 47
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22. SA2Ex~ Z g H|3

2] 1] 3] (Justus von Liebig, 1803-1873)% 19417] 49| 3}sixtz =
o3} o= wel 33 w9, 3 wS, Ao JTFS 3 E
of mH stEAl JFI e A AASE 1 RS Ao}
gtH(Van Klooster, 1956; Siebring & Schaff, 1977; Fruton, 1988). 1+
2 & (Friedrich Wohler, 1800-1882)¢}¢] A<= &3l F7Istste] Ao
ek 9de gom 18409 ol Foll= 53] I v=oA FHH =
Al ste] w3k 19 ?QEO] 5o ZAE o ol A HA
$kth(Fruton, 1988). &, Al e AFAA e AEHIL =
& AE s 7}” 2719 JHE AEg 3to] vtE |37t
W FE5S A 7)1 A (Giessen) o 8ulo]th(Hofmann, 1876).

o>'

fo .
o
Ko}
mL e

My o g
N
o

g1 &=(Ira Remsen, 1846-1927)-> @ v] s8] 7} Aol + 7HA w&& T3l o
i sk, sty 3ehs JtEAEW St S APAR etk s
© A3 vE stue Aty Abarel WS ARl A EstE i 35t
gk A RE A A o] glofof b= Zlo]th(Getman, 1980, pp. 121-122).
2 H]s] At} o] % oA HAY Y 3 ugHAge AT FEO
2 FEo] kA, fod st E FAdsta FEe AT dHoHE A
Absb= glnlsl o] o o] ATk 19417 &<t shsto] m=A A
SHA XA %= EEM(Elliot et al, 2008).

gH| 8= S Wxd 28], BEAL 27 W sl )

Aot olEs WA e Wt on =8 A4 AYPA e wy
Aol AxFEA Fje] ke 7)o Fh(Oesper, 1927). 2JH| 3] o] A=A} 5
o= ot R wWHAe|A A= &Y 3H3F tf e XEH el sawk
(August Wilhelm von Hofmann, 1818-1892), 7% +t7]13}8}2] whHd
A WAl F+x4 S A-Fsk AFH (Friedrich August Kekule
von Stradonitz, 1829-1896), 194]7] FdF = 3}st 249 e o
2~ P (James Muspratt, 1793-1886), 19417] ®l=r9] 21& 313} 35 A
A AA IEZolAE 2= (Oliver Wolcott Gibbs, 1822-1908) 5] At

,10,



(Heitmann, 1989).
E]H]?‘D’]Oﬂﬂl 7}373% HL%% AAES 19 st

SRTA
< gns] 7t ‘ﬂ* AP FA

o BEokom gulslE F3f #E ATE s Zad FHE vl
ARt & tH(Hofmann, 1876). 3 EU(Josiah Dwight Whitney,
1819-1896)«= “eJH| 3¢t A & H-5tA Fohthd oW FHEo]k 3}t
e obFAE o g fle AAE Eodug sk A5 A=
gu) sl AN 7FE2F W= AL F23 Aoz o ZAH(Brewster, 1909,
pp. 79-80). B Yo}r}, == 7 (Ignaz von Dollinger, 1799-1890)= ] ¥H]
gl #HehH, A A QAW oyt 1A A FFPL FARA, QIfte
24 e Wido=w ‘F])‘QJI:_ de T3 st o, 2o AA TtEF I A
3 TH(Volhard, 1893).

#HE A= gol olFoA sk 7EF <

=

I o (Koo

RN

Zin]s] o] A WA, AT W&ol &3k Aq-(e.g., Oesper, 1927, Berl;
1938; Heitmann, 1989; Brock, 1995)¢} #H]3|e] Ag o] HFHoz £
dE F AJE A3 =HE Y= A (eg., Morrell, 1972; Turner,
1982; Fruton, 1988; Holmes, 1989)7} o] FoiH =d], thF-=Fo] A1
Ao Fulslel HAES Mg Aotk o]l %  Sheppard &
Horowitz (2006)2 Zolot A3& Aet] #Hsts 7FEX= 2H] 3] 9
o] A E = (Eben Horsford, 1818 -1893)¢F <] 9l(Charles William
Eliot, 1834-1926)= &3l "= #}susol] =gl A | Zol &= A

T3t 3L, Elliot et al (2008)> 4 338t d-gAtell Al o] AF FH9
o ghof] 3 04‘?3}99\%&], stst AFA FAtel A gH]sl et v E 3okt
a2 3 g oshsk a5

O E
Hlam owaﬂr A 2Fetw o2 B3 19 4¥ =79}

o
E

o

o

l

o

i

d

i

2

r:_‘ &O

=]

dYsn AW F9e AAHY AYE 59 2
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tH(Volhard, 1909; Turner, 1982). Z1&J1v} $<=3F ulo} o] gH]s| = 3}
g3t A3 Eg wsomA JtEA A oF dvpal A Y] wito] o] g
2|5l o] AZF¥ ws Ao mEE hdt A 318 HY Y9
ZAS o]fo] ¥l £ S AoR HUTE o] AjoHE nS 2o
z7] FEE AT 27t Ao A AFE 72 o Fols HH o
2 PEA dolR i o] HAo] wiedyl 19 HHE Aoz slst
W gk AAPES Aarat gk

,12,



3. fA=

P>
rf
o
=
S
o
S

19 golMe st 4z 29
Colels gulsle) Azl 9ge F
AR nA doh WA 27k AL 5

ol

=2
o

B} o) F merolAe] 3 APL ATE F, mALOR o
A3 upelo @ glus] 7t A = A shate] Abee] T3] Al

oy o oo 2
1o

ol
20
38
i)

3.1. 3|7} A3 =AdA e 33

gH| 8] 7} 3t8t -5 AlAEE A7) = 8EE VFEXAE AlgRE 7=
A7) A AdE A= ZEHA AR FAth(Liebig, 1892). L F Aol
= FHlgto]l Y (Johann Wolfgang Dobereiner, 1780-1849)¢} 3 2~(Johann
Nepomuk von Fuchs, 1774-1856), w|A& 2] 3](Eilhard Mitscherlich,
1794-1863), 2~E Zv}o]o](Friedrich Stromeyer, 1776-1835) ©]2jo] =<
oA 3}to] Hold ALEE ok TS TFEX A % TH(Berl, 1938;
Blick, 1955). Avt7k @A spsta wig-= A2 54 AT
FojA= 713, FEe S8t =w -3—333}744 of=roll mA Yo
2 sty FE3FAtH(Volhard, 1898; Turner, 1982). == TA] ¢ A3
AL gulsle T2 Z gAlEo] 9l

I
0
>
=
rir
I'-IE
6?
-]
Q
<
®.
A
mo
d
[
pall
o
9'|_
>
ol
>
r|0

= = ofC|ofl = ZRfsHr| &
:Legjﬂ B2Ee e 2353 2E E&o HUA (fumace)QF
e §

4
a4 £t H 32 S| 2 7SR 7S T FYoIUCt otF
=1 5|
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gt} (Fruton, 1988).
gH )= 1740 Hd &, ge& o THs7] 9 59 2 (Bonn)
i stol JgretAdnt 2 THANA 1 GA 5do FF3 318 HAA

ol 7}2~E 1 (Karl Wilhelm Gottlob Kastner, 1783-1875)& whytil, 4]
g9 Aes dotxd FFEEVTE 5 2R ASH JFEEY = g
slo Al sker EA WHS dHFUIE oFESSlaL, ofo 1d & gH]E] &
7V=EVE wet ol EdAle R ztoy wEoly Ao FTHEA B
s}Ste] A wetsl T’/P(Oesper 1927). o] Al7]1¢] 7F2EU= 5do 2 4y
2 ste wg T g HolAe ]E ekl ey A i
= o83 IS rtEFH oW, Fo gHs= 19 JFEF o] vAi A
vtz wAAC GulsE e AMANA FhAEU AAE B3ha
vl #A4S dAG Aol gith e o deb o] ok Awis =yl

tHLiebig, 1892, p. 660; Volhard, 1898, p. 34).

s = gistol A gehs FRE 73U dE glthe As e,
o] TAIE 34dst= Aol kS =Zth(Volhard, 1898). 2]H]3]+= &
Aol Al kgt ATl digh AFAA 2ME Aeste Aol 19 7H%
Algk A g Azt (Volhard, 1909, p. 58). 1821 2}7]2] o} X]
ANA Bl HA | gulsl= TIEA = do ] Adstr 2 243
U ‘EFArEExey Ji(dAT4) 2
s tH(Berl, 1938, pp. 558-559). 19 H i+
= AgAel 7Rk Fa f7]8t8ke] Ao wiF v
AsAH oz Ag7hA] 5L tigtel A o thAd i ofAbe] of-oFdt W %
of E¥gdd 33 WSS st Axgste Aol Ath(Brock, 1995).

=
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3.2. YH|3|7F BES ZFro A9 335

[k

gH|s]= o] A7l ~EEFO i oAkl W =Ae] -2 (Jons
Jacob Berzelius, 1779-1848)¢} 1o] A A} wjA g s| 7t F& 318t o=
A AT =40 AE3 & F7I=E59Y ool o & &
Aol 71 E Ak Berl, 1938). E=Z(Michel FEugeéne Chevreul,
1786-1889)3 Aol H2FHJoseph Louis Gay-Lussac, 1778-1850)°0] &=
fr718t8r okl A Hold A5 Fdstal IR EF
ATHE°] olF 7F=H =, oAl gHs| 7t Tl A
TH3F= ol dol 9 At (Berl, 1938).
18229, #¥]3]+= yetell A Algstes A as Fal ZEgse
(Sorbonne) W&ol <Yetstd=t], o]3tolA olHel= AdatA
e B35S HA H A tHHolmes, 1989). IglolAl 1 HS
(Jean-Baptiste Biot, 1774-1862), =}=&t2=(Pierre Laplace, 1749-1827),
Al (Georges Cuvier, 1769-1832), Aol #4F, HUYZ(Louis Jacques
Thénard, 1777-1857), = 5 (Pierre Louis Dulong, 1785-1838) 52| # A
=¥ Aol FAste] 1 AYelA 27F L E P A S

t}

Lo

Mo pr
Yo |
A

gH|sl= F= Aol FHAY Hu=e] stst AeolE E=d, 7 3R
B Ho] olgpel #sto]l 2 e H A tH(Holmes, 1989). HE3F
4ol B gue]rt Ao dsdd Bl rpde HE st 'Yt
A gomA wete] 72 dElE Axeta Abdel dAd AR, d4%
AL ARAQ o R wEA volzkth(Holmes, 1989).

2o 5d 419 FEE(Alexander von Humboldt, 1769-1859)2] =
w o= gH| 3= AolFAte 5 vl Ho| AE AAE = AT

(Oesper, 1927). 719 A =3l gn]3]+:= HAd o223} HA 31ste] 2
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3.3. A A 38t AEl(Zustand)

Hlﬁ]% 50]0“’\1 §}3L-4 JEHE &
(Liebig, 1840; Liebig, 1852), o] &3+ & H]|3]<]

ksl
Wb 4gAS £9dn A Ade Amd

=)

=

i i}

A

—
ol

o

0

H

A HA S sheto] o -ofgte F&HE WS (Hilfswissenschatl)
Aoltt. fr71skete] F+ % F stUAd &= g5to]
s =AW AA Y (Partington, 1989, p. 216) FA] =
& ApA Aoyt o ulapol] o3 ZFEA A AL FEF Q] &
= &3 2L 2o Fsto] o
s SRS
stet2 o|Ate| slolez AstMet FEME FH|F 2O o5t =50 S7 A
s : A [sketoll thall Al =%
T [stete] a[elst]et okst fofl= E=X{SHA| ektChLiebig, 1840, p. 10).

o
o

o o
8 S
QA
I~
>
R,
E
N
B
ol
20
4
o
M
%
re
2

Az, g9 w52 2

St flF= olFoMle=d, 2= <

RboofyEr AAESte] JFes wol I ZRAZE H=EHAT

(Turner, 1982). 71 ©A] =9 X Aao gurdoZ H3T
= O

et e B 29 B

2) W5e 7] A (self-formation) =+ A7) U (self-cultivation)e] 7 S
2 =99 FEE(Wilhelm Von Humboldt, 1767-1835)7} 201 &<t dbAd A
2 Jidely 27k 5 FuuS 3¢ (Head of the Section for Religion
and Education in the Ministry of the Interior) 2.2 A3l 5<¢H1809d 2
4718109 6¢¥) ol we xZ=Eolal WS Axylo]l s H Y th(Sorkin,
1983).
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Q3£

Foll vk 285 21t} (Liebig, 1840; Volhard, 1909).
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1840, p. 28).

2to| ch(Liebig,

[
=
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ol
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=

=A7] Z
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ol

Tor

-_-—

Tor

R

Tor

70

CHLiebig,

i
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Bl
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10
o
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70l
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od

1840, pp. 44-45).

™

7=

v Al & S
P =2 a2

o o

= 3}

]

o]

IR

il

= o

o] 4] kAL W A

} 94 tH(Holmes, 1989). 1

st o]& A4S

(Aushildung®)3} &< A

To-
X
T

o

olfr® AT

-
-

Aol ohe

B
-

=
ol

Aol

(Holmes, 1989). #]H]

(Aushbildung)

ol

17 Boks w2 A Z2o

S

—

;A_l

o

&

A zst= o F

2 248

&l

o
T

Ad d o

=
=

cheh e

I 91 oH(Liebig,

S

AN
N

1840).

B
A

o

tHCollins & Clemens, 2022).
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gu)3l et 1o AAEL 7|4 AF A 38t AF wso] =UH A
ol ulse] Aol M 7HE Ao

(Hofmann, 1876; Volhard, 1898). ©
2529k Aol A, 72 "Huy=, 2 Z(Heinrich Rose, 1795-1864)%
grs] A d Aol e] WSS oA ekgkal, gstel] w4l dd stAE
< Hgom Fdd Y ofxdd =A FHowm H

(Volhard, 1893). A gdel stde) fo] 7bestdete o= w7t 5
g St A ALl A S Mulam Jiets A elddlaL, 4

A7F EA8HA ZATHSmeaton, 1954; Turner, 1982). Ley g H| &
1o w APdol e shet ngo] FASE A 518 ag Ao A A

d FYo] Tast FFog 55 7] Al #gitH(Hofmann, 1876; Elliot et
al., 2008).

gujsl= AddoNA StAENA Fstel Wk SHE ol E Ale st
L gskA o Abalshs We ZFEAWA A E0] dets dAgE da
S 7Fz3A tH(Volhard, 1898). T3k 1= & glel 38 wS3y 3%
AEde] BRASLE e w=HetaL o] HAgolA shotat Ao e
sigkth. whebA ol gt shet w3 Aol ¥k 1o ko] Ay Y
o] FHA 3 AR yetwroela Azt ol dotr ] 93 %Al
2 H ] 7F Azhgk A AOJJ B2 2nl szt vkt S doA 35t
GEfoll mFo] A E Aeolth aga A sl ¥k gnjse] Az

=
o] 348} nFo] Ao AHA NFHA=A Lot A}
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= HEATS 9E STAES Ve ATE VEAE AS

N, stetat AFES wjed 7lEA IA] BAE sty 545
S Wl tH(Liebig, 1840; Volhard, 1898).

7F 1 ®ofe] $8& a2 1A

= Y

=

e
2
ot
o3
41 3¢

J 2 d
& Bofol W@ ST S8 wFolok 34 Tote] /)
Ho| 3 Aol 9o $§E 43 AWE =eldrhLicbig, 1840,
p. 35).2HE ol 2 vedth 2 Pulsle setel AE $4S 99
et 7127 S A49 47 PP 27 9% 38 we)

| = - il
A AARA FAsT 4F s AgsuEd, odd 49 e
B3 HAEL AP N2 e 54 RS HAT 5 YE vY

= 558 7 A "vk(Liebig, 1852).

A b2 w gusls sz we] ofdel a3le) &
2xjop dpn Bt Bl 2E S B B
geb 22 7z w9a o] 5e) $E2 WA o Lol
stsb A7F Aol oA A A dk(Liebig, 1852). ol& &°], stA
A A 2R AAE AT w, Qo] AFE wEE dHel AgH
A7 Ak Azbel b 3 we Ade AEr] g oA 2

l
got=A 7k=A o k= Aoltk(Liebig, 1852). ol¥ Ao ® oy &
o

Hokel A Ao AYe stEAE Aol AFA|vh &S HEXow
WEBE AL X gEor sl U2 9d A BHo Y= S8
= 90 7FEA™ stEate] Aldo]l oA oAl =g Fa HF
< =X H7] "ol th(Liebig, 1852).
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4.2. 338 WS A FH 3 AA

HEAOR F71% B4 =rE Aduug s e §71% 24
=TE s 4 Adelr, fUlsste wE 43 bseA @
wok ol o% Fal #7158k 1947] et wgo] P o

(Oesper, 1927; Heitmann, 1989).

s e =FE AFEEte] 1S w4 eke W 9A 171 33t
Ag Aololl A whEAl ghkd Ae® Holw, o5l A =
kot Huk(Jean-Baptiste Dumas, 1800-1884)% #H] 5|9l WHo] #7]3
o] AEHE WAL FHYdS ool oAdsta S
(Dumas, 1831). glH]3] o] wWwel tjril =242+ 18334 14,
2] H| 3] o] A Elﬂ‘{‘ HAo guls] 7t AdA 7] A4 7w 7 St
th7bela A%l th(Berzelius et al, 1893). 12 AAEL gu]s| el H
Holl o3 E}%Jﬂr o] o]okr| sttt

XX gb=ct 3o A

=
ez stch(Volhard, 1898, p. 6).
gulsle] 4718 BAME 1 9A $ATE 7188 QA BA
f:q_ =

W o 2 e AlZtE o w Wtk gH83|7b §713)
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Abstract

The Role of Laboratory Instruction

in Chemistry Education:
In the Light of Liebig’s

Perspective in the 19th Century

Seonyeong Mun
Department of Science Education, Major in Chemistry
The Graduate School

Seoul National University

Laboratory instruction has been an important part of modern
science education, and in chemistry at the university level it serves
to expose students to concrete sensations and rational thinking, and
1s considered essential for the development of students’ experimental
capabilities. Designing laboratory instruction in higher education is
considered a challenging task, and defining the purpose of laboratory
instruction 1s an essential step. However, it i1s argued that the
purpose of laboratory instruction varies according to the context and
perspective, and i1t seems difficult to argue for a single answer.

Justus von Liebig (1803-1873), a famous 19th century German
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scientist, 1s regarded not only as a scientist who made intellectual
advances in various fields such as organic chemistry, medicine,
pharmacy, physiology, and agriculture, but also as a person who
made his mark on chemistry education by systematizing German
university laboratories. In the process of raising the status of
chemistry in Germany, Liebig emphasized the necessity and
importance of chemistry education and experiments. In this respect,
examining the purpose of laboratory instruction from Liebig’'s
perspective can provide an answer to the role of laboratory
instruction. In this study, we examine Liebig’s thoughts on the role
of the laboratory instruction and his practices in which these
appeared. Specifically, the role of laboratory instruction from his
perspective was investigated after analyzing his research experiences
in Germany and France that influenced his thoughts, as well as the
state of German chemistry as he described it. We then looked closely
at the experimental instruments and pedagogy to see how these ideas
were reflected in the practice of chemistry education. The results of
this study showed that, in the light of Liebig’s perspective, the roles
of laboratory instruction were (1) to acquire the language of
phenomena and to feel them through practice, (2) to learn how to
solve problems and achieve goals, (3) to learn basic and applied
aspects of experiments, and (4) to discuss and communicate with
each other about experiments. The results of this study suggest that
in laboratory instruction, instruments should be easy to use,
experiments should have continuity so that students can become
familiar with instruments and experiments, and discussion and
communication between teachers and students, or among students, are

essential in laboratory instruction.
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