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Abstract

This research aimed to develop extracurricular
activities to enhance students’ understanding in
concepts of solution concentration and solution
dilution for undergraduate chemistry study. The
activities comprised small scale chemical laboratory
and the practical review session. The research used
one-group pretest-posttest design. The participants
were first-year students (n=77) and second-year
students (n=81) who were later divided into two
groups based on their knowledge background
according to the pre-test results. According to the
analysis of single test item normalized gain and single
student normalized gain, students had more
improvement  in  questions  that
understanding level than in application and analysis
questions. Although students were able to calculate
the molecular weight and know the definition of
they still had difficulties in
knowledge application. Based on the
questionnaire and reflections, the students in two
groups had favorable opinion towards the activities.
Most of the students in high-learning-difficulty sroup
thought that the experiment was crucial part that
made this extracurricular activities effectively promote
understanding in - basic  chemistry  concepts.
most  students with the moderate

measured

solution  dilution,
student

Meanwhile,
background favored for peer leaming.

Keywords: Extracurricular Activities, Learning Gain,
Solution Concentration, Solution Dilution
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TnAnwansofuamiminaaasvesiiedig
(@ Tuarsazane (ML) 16 weldidrlandnnisideans
ansazans whudasmhevesansiflegluaisazans
5.00 ml Tieglugureamtae % weight by volume
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dunm (observable level)  Fsfinuaenndeaiiy
awmeseueniayeulafinaaedouluansy
wilfiAeafun1sAIuans (Phenclenedi, 2018)
uananil nsigiseuldsulssaunisallasnss way
Wugdsssuannisujiadienuies azvinlviaun
Wnwruazianansn 9 ldu1ndadu lunsdi nns
naaeaduIsmsiSeudivinlindnulsilenalunis
dulengmaug Taiun1suuR (hands-on) andng
234 wi¥on1ssiansaniunisainds Judeliindnw
Wawinwensawn wazaudilaluiwifianig
Wreans InganunsonsIaaeunIsiieuivenued
Ia1nnsuud wazfawdidndunimeaesdugvuuy
UuRnsuuugediu uwaaiuisansequauaulaly
naugiseu wasihlidnAnwiivinuafidauineenis
Seuiinemansliunniguriu (Niyomka, 1988)
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nmaaes Wudiuitiewauinuey fuanised
fugrulduin uarfeanislinisiseunisaeuly
vangnsiAanssu n1sUFTR uaznismeassnniian
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1. HAIATIZVATULANANYRIAZUIUNAADY
rounazudadisufanssadlidudy  dnfnwnd
s laudeiiugiued usaslasu
n1stinidonlosninuiuiniy nsdafanssuiasu
wé’ﬂqmﬁmmzauﬁ’umiﬁ’wmmmLﬁﬁﬂﬁ]uasﬁ’ﬂw
nsfnntuiugudmsuulandmaniiilidudou
wazanunsaysannsiidudiuniswesnisasunuy
usseelurieaiouruinlng lnguszgndnszuiunis
Feudvesufuinisuuudediu wazdaudiindu
Aanssuasundnans arsianiuianudilaves
dndnwinouinAonssy Weldiduiugiuvesnis
ponuUULHeM waznszuaunslimngautuau

foen1s selgmlunisiseuivestinfnm

2. avsbidnAnwildSeudniiuianssy
Ujtanisiinnisdenlesanuiudazdiu tnefid
9191583058 1wIeN198us Preliuuinigdunis
Weules wazandnodnsfimilounsendnonddluuis
aaAUsENeY wadAuuAneluLgEn Tautadunis
aUszaumsaieudiensliindnuléfng u
nsdlll ggwneniaFeuifetnAnudui 2 feenads
Lifivinwelunisuugdinssuiunsdin uagdsmasous

A A

dialeuleannuduiusvesusiazynainunnan Tu
nsdifidiosnisadrenuiiduiimesindnufudi
a9ty wasinliin@nwlfFoudsinumsenonaia
lalsiungdu msfinszurumsiindinuediuionis
Bouilaednassaniunisal swwdefiansanizesssdy
Arwuasitnugiiugiuuasaannsolunisfous

vosnAnuuansiuresidnTuRansIumieg

3. lunsdlvesnisiSeunisasuineidans
asrUsEnauddgveIn RS euduiasmaug
liddndudeseglusduvuresnisnaassly
wosUfRnsianely usaunsneonuuunisaoud
donunINANANYMEYRINITAUIEEMIAINS (inquiry)
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Tunsaeuiildiimsusseradundn Fmuirdanasie
nsseusuAnvanvesiseulaliunnesiuiunis
aounuuliiinmeaes (McKee,  Williamson, &
Ruebush, 2007) ieligiFeuldfnitnuenisindugs
(higher order cognitive skills) H1uNSEUIUNTTEUS
Tagdang 81529 n3vaey aredany uwazdonles
AuSuaginweminermans tnefidaouniudai
ditelvifiSouiinesinanisnnass uaznszduls

diseularnAnlugUluusng 9 Sy
v awv ¥ .
Jarduanuzlunisidensesald

1. Anwdawadugydlumaous Taewduiing
ilawndn wazmsUszgndldsifanssunisiFeusi
Windnwduaizmauinigaues wazldnagns
nsduiaEmauiningamanslugliuuudigg
(inquiry approach)

2. Anwfanagnslumsdnfanssuasundngns
lageanuuuianssuliaenndesiusziuauiag
ﬁﬂwzﬁugmﬁLLmﬂﬁﬁaﬁumaaﬁﬂﬁﬂm \los 128013
oudlimnganfuiugiuuasauanunsalunis
Foug Taglitind@nwSoudienuesdiunis uas
FFumstuugvionsedunnuimiuAndieisnisua
Franafivszan 3ngidanuiuasinsrainniy
Wioflazanunsaiamludsiidwinainuianudile
(Vygotsky’s zone of proximal development) (Walsh
& Sattes, 2011)
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AsATLIANNLTNTULaTNISIASBNENSATaNe

IA 1—}— Atomic number VIIA
1 2
H H —1— Symbol He
oA 01— — Aboiio weidht A VA VA VIA VI
3 4 5 G 7 8 9 10
L | Be (rounded value) BlcINIO!|F|Ne
6.94 [9.01 10.8 120 14,0 16.0 19.0 20.2
" 12 V"IB ﬂlAl |ESi I5P IGS |TCI |5Ar
Na Mgl yg v vB8 vie viis ——— B 1A S|P [.S [O|A
19 20 21 22 . 23 24 25 28 : 29 30 31 32 [33 34 35 |36
K|Ca|Sc|Ti|V|Cr|Mn Fe Co Ni |Cu|Zn |Ga|Ge|As |Se | Br| Kr
391 40,1 450 479 509 52.0 54.9 558 58.9 58.7 63.5 165.4 69.7 7286 74.9 79.0 799 |83.8
37 38 39 40 41 42 43 44 45 46 a7 48 49 50 51 52 53 54
Ro|[Sr| Y |Zr [Nb|Mo|Tc|Ru[Rh|Pd|Ag|Cd|In|{Sn|Sb|Te| | [Xe
85.5 87.6 88.9 91.2 2.9 959 98.9 101.1 102.9 106.4 1078 1124 1148 |87 1218 1276 1269 1313
55 58 57 72 73 74 75 6 77 78 7 80 81 82 83 84 85

Cs|Ba|la|Hf[Ta[wW|Re|Os| ir | Pt|{AulHg| T [Po| B [Po| At [Rn

1329 1373 1389 1685 [1800 1839 |1862 [180.2 1922 [195.1 11970 12006 |204.4 |2072 2000 |@210) J@10) |22

87 88 89 104 106 108 107 108 109 10 m 112 114 118 118
Fr ([Ra|Ac | Rf |Db | Sg | Bh|Hs | Mt
(223) [226.0 j227 |(261) |(262) |(266) |(64) [(269) |(268) |(269) |272) |@77) (285) (289) £293)

58 59 60 61 62 63 64 65 66 67 68 69 70 71

Ce | Pr|Nd|Pm|Sm|Eu|Gd|Tb Ho| Er |Tm|Yb| Lu

1401 1409 [1442 |(145) 1504 J152.0 [157.3 |1589 [1625 [1649 |167.3 |i689 J173.0 [175.0

20 9 92 < 94 95 26 87 98 99 100 101 102 108
Th|Pa| U |Np|Pu|Am|Cm|Bk | Cf | Es |Fm No
(2220 J@sv) [2980 |@a37) J@a4) |43 |47 |@a7) |251) |(o52) |@s 259) _|i260)
( ) represents an isotope

MARUINT 1 UUUNAABUNDU- MRS INAINTIUETUNENGNS

ad o Y a o v v
ILAANITNT LLa?LﬂuﬂqmaUmﬂ

1
2
3
il
5.
6
;
8

10.

11.
12.

13.
14.
15.

duiinoznouveslansiiu (Ag) fldwile

dwiinluianavesansusznay NaNo, Srwiile

KCL $1uau 0.7450 ¥y wiriuAlua

Na,S0, 0.25 Taa fminAndu

H,50, 0.25 Twa il Oxysen (0) Ansu

(@savans NaCl U3unms 200 mL & NaCl 0.5850 ¢) Tuansazaned NaCl Alua

(@nsavans NaCl USinms 200 mL & NaCl 0.5850 ¢) arsifuduves NaCl winfuiluans

NaOH 0.40 ¢ axaneii léansazaneusinmns 250 mL arsdudures NaoH lusnsavaeiidwilslumiedes
axlethmindeusinms (%wA)

Tuansavane 500 mL deaslsdlossu 3.0 n3u Anududuves CUwidud ppm

Foansliwauansazans Cu” avandudu 1000 ppm U3u1ms 1 L 9anansusznau CulNO,), Foeds
CulNO,), minAnsu

ansazats Cu” Aanadud 1000 ppm Y3ues 1 L anlandda 9 ﬁmmﬁm%wuaq cu” Alwans
wisuansavanelnusadelolelas (K) Tngld KI 1.00 ¢ azanedeth wildviniausinms suna 100 mL i
dhauisdauenUiuns Umml,mmwmsuuaq 3-4 59U MnTUmansazanel 25.00 mL ldlu Flask
ansavanslu flask &1 KI Andu

nde 12 insandernulude n uay v ududenneuiitelagnisawiselin fmeuinia leSureiiinetdls
(n) Aadntures K lunaiauiuinsuaglu flask daviniu

(@) wauluaves K Tuviniausunsuazlu flask dauvindu

thhendnghenlawedin 5.00 mL Weaswheildansazats 100.00 mL anthlunasavaneiieardlan
10.00 mL vhn1sveass wuand OCL 911U 0.01200 mol (12.00 mmol) anuiduduves OC Tulawmesivindu
wirlsluniag % w/v
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