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ABSTRACT
TITLE : TEACHING DIRECT CURRENT BY PEER INSTRUCTION (PI) AND
ANALOGIES APPROACH
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TARGET CONCEPT

Interactive engagement results better learning outcomes. From the surveys,
Interactive Engagement methods (IE) have been found that it could gain students’
learning in a medium gain regime. Conversely, students who learned with Traditional
Lecture-Based Instruction (TRAD) were mostly found students’ improvement in a low
gain regime. For this reason, the researcher aimed to present IE in order to enhance
the conceptual understanding in direct current. There various types of IE methods;
however, the researcher chose Peer Instruction (Pl) to tackle the misconception. In
addition, it is very necessary to project the visual of electrical current by using
analogies. Since, electrical current happens in microscopic scale and there is no
chance for bare-eye observation. Then, the researcher developed a demonstration
tool for displaying current and voltage measurement. The purpose of this
development was to have a good demonstration tool - portable and precise
measurement. The demonstration tool is composed by Arduino Mega 2560, Arduino
Nano V3, current sensor (WCS2705) and voltage sensor (IC MAX471/MAXAT2). After
testing a circuit and coding, the researcher calibrated the demonstration tool for
validation with current and voltage measurement instrument (Agilent 34401A) - an
instrument has 4 digit decimals place. After the calibration, the researcher collected
the data and plotted graphs for finding the linear equations and R-square value. The R-
square value was 0.99, and the linear equations were applied in coding for precise

current-voltage measurement. The last but not least, the researchers took a



demonstration tool for finding efficiency for itself by three professional teachers. The
consideration was divided into three categories including overall appearance, content
coherence, and facilitation, and the average score was 4.0 (good level). Finally, the
researcher used a demonstration tool with Pl and analogies approach with grade 9
students from Pathum Ratchawongsa School. The students’ normalized gain was in a
medium gain (<g>=3.1). Before taking a test, the researcher investigated students’
analogies for determining the relationship between mastery in science and students’
analogies. The result showed that students who had mastery in science tended to look
the energy as transferable. Furthermore, students’ analogies were mostly from class
instruction can reflect misconception by 10.71% of students writing misconception in

analogies.
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1.2 IngusradAvaIniside

12.1 sonuuuLazimLNgnade o 2sasluihnszuanse WesimuianudilaFonis
FDATUUUBUNTUUALUUUIUY

1.2.2 e wAnsIvsen (39 2saslifiinszuanss

1.2.3 WiednssianuduiusseninanzuuuaaundaSounardnuaensgUuimgsny
Tnveiseu

1.2.4 wedpnduanuaznisauundsnuliinvesiseu

1.3 #UNAFIUVDINITAVY
131 yaadn Fos waslifnszuanss Tusyansnm
13.2 fiFouiasuuunadugyimensBouvdafeuganinieudou
1.3.3 pzuuugeunasssuiianuduiusiuanvaznsainasnuliihvesdiSey

1.3.4 dnwagnisaunmasnulnihvesiSeudusanisinslouuwazilaeusunasanu

1.4 fulsiiAnyn

1.4.1 daudsdu loud nnsaeunuuiieutlsifiaunuinnisasuLUUNIsaULN 589
29aslilinszuanse waranuderaluion

1.4.2 dauvsary Wun azuuunadugniniamsSeusuanudilavediiou waznis

gUINYBIITEU



1.5 dszvng
Usgvns Ae UniSeuduliseud@nwiU 3/1 919U 26 AU & 15058UUNUI199A0

NoUTENUINY IR UTEY

1.6. fgrudwiianig
1.6.1 MsdeuLuULRaugIBLiiau (Peer Instruction) vinef msdeufiidunoudsl
1.6.1.1 ool Seuldfnwiioududiiumsasy
1.6.1.2 M&RINYIIN5UTIEL0E195IUFA (10-15 W1il) gaeurinnisanudmniuin
anuinlaluhdezesiflaussesly
1.6.1.3 Tiadiseufn 1-2 Wi
1.6.1.4 o

1.6.1.5 ™

Sewhmslmadneulagldgunsal (Clickers Plickers 8u 9)

2D eXe

=

fi3sunausnugniiasndt $osar 30 Tinduludunisussenelnl
1.6.1.6 WEFouusazaufnuazyinislmadnads
16.1. 7 dnougndes Sevay 30-70 BifSeuvhnslifesiuAeiuman
1.6.1.8 WEGsulmednasadwnngSeunaugniiu Sosay 70 Tesuisfnauuay
deudnulutedald uididneudinznnaginligasusiinisnuniuidntosudinos
fndumsmunszuaunsdnadimis
1.6.1.9 nagdullsifiFounssatinisenudeslososiansufiovenenaliiniedy
1.6.2 n1sa@auuuuauun (Teaching with Analogies) 11884 n1sasufiiiunig
WisuWsukwIAndesulAalaLn wuwaRnlnuny (Target concept) Lay WUIANARIBAZS
(Analog concept) InsnsvnyefifinnuimileutuifioligFoudiunmuasAnnuld et
1.6.3 uurAntmane (Target concept) winefs wnAnfiosnlvigiSouinla
-

1.6.4 wulAAA&18AEY (Analog concept) Muefis LuIRRTKISBWALLIULAZENYUY

UNBYNNNTINULWIAALT MUY

1.7 Yszlewinaininazlasuainnisive

1.7.1 4nan3n 1389 2995 bfnseuanss

=

1.7.2 fivuiiazluunadugnsneanmsiseundassugenineusey
1.7.3 N9 unullduveinglunaauna g uilinuduiiusiuan wue N5 UL NG 1Y
Tnvesiseu

1.7.4 yswanuyaensiinsaunivesisey
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LANFTIIIUIYNLNYIVD

lunmsviTideasallfidelafinwiAuadn s3uTIMenans wuifn nouuaznuideningites
dorBuuuamdlunsiiide TuduusniZufite s Rnmsdunuliiiuazisosinihogng
' a < aa °o w 3 ! P k% ¥ o a = v
PeinunuludinuseinTu Tudeundenisaisanudiladlennfeatulniinssuans
A 9 vy ° ] v ¢ v < a =
dieligiseuansaiilusesenlalunisldnguedenuuazmssediiumunmuaiing1iunse
Anunugrudosiudmsulniinssuanse weadiagnanse 399 1995l nszuanse

4

Ya v o &
Fisusndudeslinguiiferfudidnnsedndlunisinuazuansnausuamidlnd Weldyn

<

‘Vlﬂﬁa\‘iLLﬁ'J‘\NL‘U'LJE?'JWUEN“EJ‘IAﬂ’]’iU']IUﬁ’P]ULLﬁ%'JLﬂ’i']z‘lﬁ%@iﬂa

2.1 W wazreasiniregnedne

flai (Electricity) 1n91nsindsidndn Electron lunwin3nGanunedauviasiiu e
waidlewisdiulugiuivudniudinlmannsgavidensndnuesianliamsiufuusia
879U (Charles, W. Ryan, 1976: 1) usilaganfignudmsuadlnilutagdufondsaugiuuy
nilsdaintuaneymafidussqiiu Sidnaseu uie Tusmsou (Richard, J. Fowler, 1999: 1)

rounsroasinindsddgyndndudosifedomosinilifiuazaulwin msdunud
d1Ayv9 Stephen Gary 1wl 1729 wuimeamdeswaululnillnanuuddlvuiinuauds
asaftuduiuneamdesfieldoeuliluilnanu deudsflinadinisduuneeniageeniu
auuuazdad Wesnanufavimainereansilitegtuiitanintuindnuseinn
wilsfeansistudluiiasednieaznaniwaauiuiuiagi (Morley, A. and Edward, H.,
1994: 26) ﬁaﬁmﬂ%aéwdwﬁwizﬂauﬁaUéaﬁ’]ﬁiyamasmﬁa 1) WUAABSUIEINGI910)
2) gunsailain (Fad1uniu nefeysd1anas) way 3) fudlnieduadn) davisimiig
ihlsinssualnihandauaniugunsallwihuazndudningtaauveauunned :1nn1srenas
Ynnnd 2.1 wazrasiladanmd 2.2 Fanszualiauisalvald Charles, W. Ryan, 1976:
34-35) nsivavesnseudaliihdeonislnavedidnasouluduain lnswannisivaresdiannsou
Tuwnainazlnaandunisiifianusiedndgslugauiumisditianusmsdndaniy wonani

a A & v o Y a g =Y 1a i
E)Laﬂmﬁ@ua@l,ﬂuaaqimquu@"lllﬂﬁmiﬂlﬂaLLa'ﬁ@Laﬂmﬁau"ﬂ\{bﬂJﬂ']iijiy‘vmﬂ (The conservation



. o 4 a a 1 (% 1 a1 I a
of electric charge) ¥illaToaUUTIUV0IBLANATBUNBULALNAINITHDIINTLANN LAY
(Breithaupt, 2015: 285)

Ani 2.1 2995Uanaanlnadng

AN 2.2 9asilaviaanlnliadng



2.2 dndlni nszualuin wazAadruniu
w59euNUuEIRY U ualuvie YuswfeltuLsIsunvinlvnsewalidninnisiva
W538n31 “Andlniln” (Charles, W. Ryan, 1976: 19) Tunisd@aunaianisanaun1edngin

A o

wsaadoulafin (Electromotive Force: emf) waneds usefivinliuszqiAnnisindeud
willeasiiovinnismaasaiioTadndlud drulngazduiudiiiinaiusiadnd (Potential
Difference: p.d.) 11n3Aa093A Faaaudivunefsduierfufedsiivliszqiadoud
(Richard, J. Fowler, 1999: 21)IuLLdmaqwé’amumemaéﬁﬁﬂﬁlw%a&ﬂuﬁaLﬁaﬁiamemaém’h
funasaln ndsnundgniudsuluidundsnuliiuasndanulnigniddsulieglugy
wdauuas dngluinlursasagimihiindouiiuszgainduniamilsludadndumi s
fregatu wuameIdndliii 6.0 V deidrAunasaln 6.0V nn 9 Uszq 1 gasul avds
wdanulvli 1 98 aunsd 2.1 mnusnedng Imaneednssrinmdanu Aldlumsiedeud

Us¥q (Breithaupt, J, 2015: 185)

Q[

V. wunene énglain dudqedu yasienaeuy (J/C) vise Tiad (V)
E vanefia waanuiimbedu 9a (J)

= 1

0 wuneds Uszalimbhedu paswd (C)

nsrualiiinainnisluavesdidnnseu (Electron Flow) Tudairludn Sidnaseulua
Mnthaulugsihuniasendevdnnisitididneseuiiivsygauazdosriadmiruanualunig
nauiuAITMUAfirn1siavesnseld (Current Flow %38 Conventional Flow) mviualslua
ndauanlufithay LﬁaqmﬂLiﬂ#’fﬁmmﬂwaﬁummzLLamﬁauﬁ’Uﬂ’liluamaaﬁwﬁaluaﬁ]’mﬁqq
”Lﬂgi‘ﬁ'si"'] na1dmelnaandndas (1u1n) TFFndsn (§2au) (Charles, W. Ryan, 1976: 22)
maﬁmumé’mﬂwmaqmzLLa%ﬁfwizﬁ;ﬁlwahﬁﬁmmsmm Tounseud 1 wauwds Janis

Ivawihfud sz 1 gasut soyienaniund fsaunsit 2.2 (Breithaupt, J, 2015: 184)

1 =% (2.2)



I e nszualni Smhedu paesuddedundl (Q/s) vie uwouuus (4)
0 i Uszaiiviiendu gasud (C)

= a 1 I a a
¢ BUNEAAN Unuedu U (s)

indandanuiunudesiolndudnlviia wu newwas, Ju uaslavzedinnne 9 us

inJandanuiunueeriitodndudnhilid auiuid) Aeldseulnssualninlnarule

I i

W wna b o9 a9 Tunsdlenidumindan wu wslinseaulvinssualnaruusluaniu
£ [ P - < @ o [ = va ¥ = a [

ey undepsdeinTandudnilni Tanuillinaautidunisivavesnseualiiniasendan
AINANITT “FafunIu” (Charles, W. Ryan, 1976: 24) A314@1unulueg fiuanmaiuniy

Yos¥an ANEN (L) was waziiuintisn (4) ansawes Wuldswaunisin 2.3

R=p (2.3)

L
4

= 1

R yanefia anudtuniuvesingimiiedu Tevu (Q)

q

= 1

p wede @nnduniuvesianiiniiedu Toviuwns (Qm)
L wuneiia anugnvesduaiaiviieduy wes(m)
4 vanefs anuevenduaindniieailu ansiauns(m’)

@ [ Ql'

LUUS1809lUTZAUANIAFININT 2.3 LanliliudInNISIAR oUTNVDIDLENATAUD AT

9
I3 =

Tulane Tnennasiididnaseundouiidnlurusvezneulansaziinnisaieloundaay
LARAITULEEANIU) v‘iﬂmﬂawzﬁqquﬁqﬁyu (H, Chris. and O, Keith, 2007: 106)
diiinaseuevvniinnisvuiuestne wievuivezaeuvedlansindeiliiAnnsgade
a1 Fudululdennflagssyanuiiivesdidnaseundaysdia Uningraanssemn
AuLedgvesdidnnsounniluszuuesnun 15un91 Aduiaseldou (Drift
Velocity) (Anthony, 2015: 271)



10

ANUSIU ANUSIU

.
//
Q @OQ
O
O

0,0 K
0. O
d® Rexe

Q.0
@‘6
O

O
<0 O
000V O

= a < a = a (Y @ o o Y a 124
A9 2.3 BLanasauddaszinfaunvunuaznauvaslanzalnliiinnuiou

2.3 ngvaslay (Ohm’s Law)
WAAIAIUNIULYIAUAMIUANANDATEY 9 TorunuINdotiA1ua19dngn1saae
ArveInseuavzlaauiouiuA1iledleiunaiiin “ArvesnselatUsdunssiudng

T nazuUsnnEufuANEUNIL” (Richard, J. Fowler, 1999: 41) fsaunsi 2.4

V =IR (2.9)

1 L3

V. vnede gl Svviedu saseeaend (J/C) vse 1ad (V)

Y Y

I vaneda nseualnih Sviedu aasuddeiund (Q/s) 3o wouwds (4)

Y

Rwnneds auduniuvesingiiniiredu Tevu (Q)

2.4 MIFRAIAIUNIU
sefafiunuivatnuy wisagyedsaesnsdiiuiiugiuvesnmasosadunuly
2995 LA 1) NMIFBFIAUMIULUUBYNTY 2) NIABFIRTUNIULUUYUIY
N3ABFIATUNIULUUBYNTUNTEUATNIBAULANINGALY D1vNTaentNUsEAUAUASaRLE
sofuLuveynsy (asaliIeuiaiiousiduniu) fand 2.4 Wevaenlwvasnlavasanis
Mnrdwalinlinasndugiuludae (Charles, W. Ryan, 1976: 60) Wevhnisianseualuies

nssefiuMIULUUIYNsUNUIINSELAl AR iU UL d ARy fsauns 2.5
(H, Chris. and O, Keith, 2007: 116)



V;otal = I/1 + I/Z (25)
IR, =IR +IR, (2.6)
R
BB
i iL

i
ol

A il 2.4 nszualwinluasiudadiuniukuuaynsy
A a I o o v v Y a
LW]Lu@\ﬂ"\]’]ﬂﬂigLLﬁllﬂ']L'Vﬂﬂuu’]ﬂﬁgLLﬁlﬂwqimﬁ'@@g\]ﬁlﬂﬁq AMUAUNIUTILYUAIEUNTN 2.7
Rrotal = Rl + R2 (27)
ﬂﬁ@iaﬁjéfmmmwummu ﬂi%LLﬁﬂ%ﬁ‘Vﬁ\‘iLau&l"lﬂﬂ'j"l‘ﬁﬁﬂ%']ﬂ ﬂi%LLaﬁl‘Via@aﬂﬂqﬂLL‘U@LC‘]?J%Q%

Tnansnaanlusdaning 2.5 wiuleinszuwaluawsneanliusdngluddawinduiiesannlua

20N31NARLITY (Richard, J. Fowler, 1999: 100)

—

I total l I 1

A AA
W—

AN 2.5 N15M1avaINTERE MRIEIUARIUNIULUUIUIY
WIONTEWATIULAIAIEUNITN 2.8 way 2.9

1

total —

1 +1, (2.8)

r _r.r
Rtoml Rl RZ
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Wadnd i I AN UL I A UATUNIUSINLUUTUIUAIFNNITN 2.10

1 1 1
+

- =— +t— (2.10)
Rtotal Rl Rz

2.5 ﬂ'li'e)'e)ﬂtt‘U‘U‘Qﬂﬁﬂ%ﬁl

[

2.5.1 arswUasdgyyrae nasulasdygyrusuiraeniufdia (Analog to Digital

)

d‘du 1

Converter: ADC) A MshUasd gy 1unldnvuedeidontu gamgiiduial laenilunig

[ a

dunmoumngiseseiuvesusenazimiuinfiniswasuulasegrsraiiionadiuly wannld

'
aa v Y =

4 [ a 1 [ 4 @ . I3
2UNTUNTIVINYAUNULUURAIVATDIa VA8 UNTURIUANTUIALAN (Microcontroller) aztUu

9 q

1
a v v A

Joyalusiaiiiod (avguae) Beleyandviauiissleviegrwnlunsihluldnisiansenis

[ '
0% aa o =

AuluAiinududeu (Destinti, 1993) aatunisuuasdgyrueutasnidufdvaiiionis
ANUIULAL NS ARINARINUANFAN WAL NTEWEIIABIDFEAIUTTLIBNEA Arduino nano V3 hay

Arduino Mega 2560 FLANWUTAINING 2.6 WazAINA 2.7

Q 00000000 O
mzbibm e o{n/) bol'bs 04 ‘Dl Pﬁﬁonsln‘otz:

s N ARDUINO.CC . B g
o5 %) minz F0O
n—p & O] g 235350 O

i = oeimen
D13 :w!nc‘: ne Al k A3 A4 AS a’nl’tv RST unuum“

O

00000000 o0

AN 2.6 H92995989U85A Arduino nano V3

17;3.1'1: Mouser Electronic (2014)

Al 2.7 H92995989UsA Arduino Mega 2560

cﬁ&l'l: Mouser Electronic (2014)
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2.5.2 N1599NKUURTIANIEIE lagluudinisinnssuaniuaigli (Arduino) fasly
gunsaliasulunisinnseua Jegunsaliasumuizanfadiinnseua (WCS2702) a1u150in
nsgwalatia 2,000 mA (Arduinoall, 2017) winsewanldinganlunisnaassdie 1,000 mA

AINUNITOONLUUIIITHNDIANT LAV NWULAININA 2.8

Vin
R
VOU(
Rs
GND
"~ GND

AT 2.8 29IMITTANTEUALAZANANANE A8 LY

19957 dunsIansruanuuldiduniu Tnensinanustefndaseusiiuniu R vlila
AIAUARANSAIMEY LartAIAuadnddulumAInsz k@ nauduTusaungveslavy

(Yarborough, 2015) Neaunnsh 2.11

[=—= (2.11)

1%
1 ¥ YY)

[ Yo ¢ v = o & v Yo v aa o
adesn1slidndluingnsuniudesdednludeddddidiuniu Rs NllAdeedaiun1n
Andlniedesodursasvenedyyiau (Operator Amplifier Op-Amp) A4n1W# 2.9 Taenting

vpaasviatlazaeevenadndliiinnaseus Re (Zhen, 2010)

+V e

—

AT 2.9 dyanualuelaTveuayyI




14

msauAnglinansesveedygiasaunisi 2.12 (Cory and Chaniotakis, 2018)
V,= AWV, -V,) (2.12)
\esan ¥V, —V, Aeanusinadingseningaaegadsiuiaumnuiig ¥, deeunisi 2.13

V. = AV, (2.13)

o

lne#l A Wududszansyiwinidumgalid ¥, Srunniudruegivauauifvesasvens

dyaraunsazda Weladndlwduaidahluauiameainssuasnell lnsarduussdndves

199sEEdyIENTaMlaNaunN1TA 2.14

A==° (2.14)

[y [

ANy YeNasveedyy alugauad aziluluniuannisi 2.14 wazuanslunini 2.10

q

A o

Aadndludin ¥ agfidldiRudndlifinidenlvisasuensdyyin +V uag —V,
(Kittiamornkul, 2018 )

V()
AR L e

V,

SOSS TGN

A 2.10 AndlWi ¥, danlinudnglwinndeuliasasvenedayyiu

flun: Kittiamornku (2018)

2.5.3 AILEAINA

muanena 7 segment Tduanateyaiiay §I38ldfuaning 7segment 74HC595

¥

Taadl SPI bus @y Arduino Nano V3 viantinfidsdeyaluds shift register chip 104

Y

T4HC595 Liawiutaya naantuy shift register d1elaudaya e segment code va3 34
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1% a ' Y] ' o 1% . A v
Tayangnasluds segment code 619 9 gnimualikansualagsignal selector Litoliviaen

LED ustagmadainadaninil 2.11 (Sang Yu, Wang and Zhang, 2013)

R A
SRCLR Q, 5600
SRCLK - Qs 2 560 0
5 A" 5800
Controller RCLK 12 Qe
_ A* 5800
= [}
g
SER [T 7] Qe Y se00
. a A7 5600
5
g
n Qs "™ s600
A
7 Qy Sa0 0
o]
Vee GND
» 2]
0.1 yF
|

AT 2.11 2995989 Tsegment 74HC595

1'7im: Texas Instrument (2015)

(%
v o

2.5.4 AnadsuuulAfauil (Moving Average) 1ilasa1nnsuansuaurazassndudas
Wilgrntanenisantuiindeduaaiswuuindeunviliteyainiussiiewnnnindunala
AINFNVULVDINTINAININT 2.12 hazn i 2.13 lag Anadswuumpdsunaiuisoideutdy

aunsledeaunisit 2.13 (Hyndman, 2011)

1

k
Z =— at=k+1Lk+2,k+3,..., 2.1
’ k+lzy”’ " 213

J=0

7, vanefe Anaduuuuindeud

k ey ﬁﬂuauuaamm%’aaﬂaﬁgwm
j vanedls ABuduvesuaen

y wneia Avestoya

¢ vianeile vngaduYestayaminanAuIn
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Moving Average

0.6524

0.6522

0.6520

0.6518
0.6516

0.6514

0.6512 4

0.6510

0 20 40 60 80 100

A 2.12 dayavasmsianszuauasiianlagldaiadewuuindoun

Without Moving Average

0.6524
0.6522 wrer—ree *e o—tlrmf

0.6520

0.6518
0.6516

0.6514

06512 Tw—wwww—o—o—o—
0.6510

M 2.13 dayavaimsianszuauasziianlaglildradauwuuiadoun

2.6 NTEOULATNE])

1%
Y

ax N al Y o ag Yy ~ | P v Yy a a
ADNTADUNAYIVDIUVNNRUAN DT 1@LLﬂ 1) ﬂ']iﬁ@‘ULLUULWQUGU’JULW@ULUUIME:!L?EJULﬂ@

Y Y a

nsliidsuasiufduiustuiioutnduizou 2) nsaeunvuguundaduligouianisin
FoulossewinaunAnadendauazuuianidmaneg
2.6.1 M1sEBURUULNBUYILLBY (Peer Instruction: PI) Wuligi3ouldinaualunis
Tdsstuiiousintudounaginisneudiaulagldszuunisdanisidnevluduiion
(Classroom Respond System: CRS) TnglugausniFuazltidutnsdney (Flash Card) n3e
Qﬂﬂizﬁﬁm%’w’mﬁ’uﬁﬂﬁmauLLUUSLﬁﬂmaﬁﬂﬁ (Clickers) Tnefidumousisdl (Mazur, E., 1997)
2611 dawdsuionlifFouldfnudeuudiiumsdeu
2.6.1.2 ¥H931NYIINTUTIEIERETIUTA (10-15 W19 HapuviinisaiuAniuin

AN AL UIYBLS RN UTSEne U
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2.6.1.3 nagiseudn 1-2 uii

2.6.1.4 WifiFowhnslmadaeulagldagunsal (Clickers Plickers 81 9)

2615 fifEsunaudiniugniieanit sy 30 Trnduludunisussenelnl

2.6.1.6 TfiFounsazaufauazyinislmndnads

26.1.7 fdmeugndes Sevay 30-5euaz 70 Wifi3ouviinnsTddeaiufeaiy
ANa

2.6.1.8 TfiFoulmednafsmngiFounaugnifu fevas 70 Waduredmauuay

o [

Beudiauludedald uddrdmouamznnnzdnlidasusinisnuniudntiesudares
fudunsmunssuIunBnafmis

2619 nawduliidounssmdninnuidorlosmesianssuiiovsnenaliniadu

2.6.2 N158dULUURUNT (Teaching with Analogies) THndnnsioufieudnuusd

wiloundendiefureaFesiiiasSourinusnudriuidolmifiidauiousy nsaeusanan
Fudusesondominniiiodonlosdnunrindefusniegnady mssoudousisening
Uszq lngldnisasunuuguun daeuldnisiuTeuiiisusening useseninalszquasisemiann
sevinana laeiituneudsd (Glynn, 2008)

2621 fasuiiiausizeusiseninaseq

2622 wumuilemiBowsifigassriunafineEoumuis

2.6.2.3 szyfsdnuasiindnefureasesniteUssquasuIIRagnsEninea

2.6.2.4 Beulesdnuwazfindefiumuiiszyinandes 3 Wuuuuam

2625 \desnussisansdiauadiendeiu dosszylilddinsemnlaiados
BouBoasssenineUszy (LSRanAUANANINLIIPIgATEIIenaDEnsls)

2626 ajUisdnuaziindeiulazuandnmiensndiegisves Bidnnsounay

Tsnsauluezneu waslaniuaenfinglussuvasey

2.7 nmsimsevideys

va o

n1siesziteyaidulawuteandu 4 duu dell 1) n15iaseilseansninvesie
N3doU 2) N1TIATIENNNTEUNIRNEISEY 3) N1sduunanuaeaunlaRnveisey uag
4) NFIATAANUAINTVBIS Y
a (4 a a o ! < ! A ]
2.7.1 msimTznyssansainvesienisaeu ulteaniluaesdiune n1sasuiigy
(Calibration) manefis MsmUseansnmauaNugnaedlunTindayavesdenisaounazaIu

dnunfe Msleivgasnudaiu vaneis nsihdensaeullileimgdieinsie
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Uszansamvesielnautseenilu 3 sundn fie 1) JUdnualvesyanaass 2) mnuazainly
nsldann uae 3) avandenlesfuionn Meamdwiindnsudufesendodifeamaodie
tloy 3 AuieasauAndiuinesesiielunisasunsuiuusslusmile
2.7.2 M5AATIEINITAUNT ABN1lENIITUUNAN BULTBINANUAINANANTIVLDN
VOIS HUMENTIATIEAINSWguvesdiSoudinsna ninvarlatiwemdiny dnvae
YDINAIUINUUIARvRISBuTagMeiu 4 dnwase loun (Lancor, 2014)
2721 mssyinEndsnu-iledBounanimdanuliannsoahaierianels
2.7.2.2 msaameundanu-ilegi3ounanimisnuaunsagydussnainseuug
Aawndey
2.7.2.3 msLﬂﬁsmgﬂwé’ﬁmu—Lﬁ'aQ’L’%auﬂa'nﬁammmmm’luﬂﬁmé"augﬂmaa
ey 1y nuasUFe il
2.7.2.4 msineleundssu-iediSounanimstofivesndsanulaeiinme ey
v3aliondudinans
2.7.3 mssuundnvazanudilenatandeuvesdiSeu vuiods n1sinsied
mMsi@euvesgizeuinegluinednvuzvosamiiilananedousl 5 Snwazlaun (National
Research Council, 1997)

L4

2731 gumu-lediSeusniiedsanudnnuieslaglildfigaiuazdnudaiu
WeEans

2732 anwuideilitisadesiuinemans ilefiFounaniasesiiingmans
ldanansaiiaaula

2.7.33 anudilanasedouannuuiamaineimans-ilegisousnlivenad
ligenndeaiuauduas

2.7.3.4 anailaranandounisanun-iledsulddmdwinilinsafuaumane
vosreSuneiignies

2735 anuthlaraaadeuananuiuaie-dlefiSounanimudeindunny
Bawuddsinueadetaudsiumianiuaie

2.7.4 nsAnsziauimtiivesgizeu Normalized Gain <g> Lilauanimdsay

unssudiFeuliiauinisduegisls aunagives Hake (1998) Iy <g> oanin 0.3 fe 1
aufmtlunsideusn <g>52mi1e 0.3-0.6 ﬁaé’ﬁauﬁﬁmmf"w’nm’iﬂumﬂ%‘aumuﬂaw

LAy <g> wNni1 0.7 AegiSeuniainun1vtnlunisiSeugs n1sAI Normalized gain

Feaunsh 2.16 (Hake, 1998)
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_ [(%post - test)— (%pre — test )]

= 2.16
~8” [(100%)— (%pre — test )] 216

<g> Vg AMNUAINTveElTeY
% Post-test 118D ANRATVDIATLUUADUNALT U ULUaSITUR

% Pre-test  M11889 ARASUTDIAZLUUADUNDUSIWT WS EUA
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A5andun1599Y

3.1 msadnaznmlsEinsnmvesyaansnizasasasiuiinszuanse
3.1.1 msadenaasaEesasindnszuanss
3.1.1.1 %8NS

nsadagnadausznouludendnnisiomn 5 udnnns TéuA 1) 13
@anld Microcontroller 2) nstdanldfvinnszuauasdndluiln 3) nsidenldnivsuanina
4) MmywanTusunsy uag 5) mMIseuliisuirdasile Microcontroller Ao gunsaifllddniuns
wasdeyamiann Analog iudaygyias Digital siadsanunsaussananauazddayaifiouansua
nsidenld Microcontroller dmdumsainsyaansaeisidsfanuant@dnusznsnidio nng
P1elwuas Microcontroller ifladlddaianszuaiavun 3 61 Fwiaianszuaudasidodniy
dndlaifin 5.0 v Fevilimianszuamaransaviauls mnld Micocontroller flsianunsa
elilisTnseualfiftomedewaliinsvuaiinldfialidwilda e uinieuanaass
fefunsidentd Microcontroller Tunsadnsynansndsuseneuludelilaseeulnsaiaes 2 &
1§ Arduino Mega 2560 fan1nd 3.1 dwsudnelvuazyseuiana uwag Arduino Nano V3

HININT 3.2 E1USUUTTUIANANYIDE19RE

MADE ‘
INITALY o,

- AP

A 3.1 Arduino Mega 2560
fiun: Arduinoall (2017)
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mwffi 3.2 Arduino Nano V3
fia: Arduinoall (2017)

nsdenldfaianszuanazdndlnfnsududeisiianssua 2 vida
unUTuisutu 1oun §rTanszua ACST12 5A (ACST12-5A) fanndl 3.3 uaz fainnseua
WCS2702 2A (WCS2702-2A) fannd 3.4 91nnsieuidisudaianseuaii 2 vin Tnonns
AwInAINYaYalu Data Sheet vasdvinnTewa Wu31 ACST12-5A 81udnld 33.98 unit/A uag

WCS2702-2A 81uAle 204.62 unit/A 91nnsiUSeuLisunuIn WCS2702-2A anuplnaziden

¥
a

11 ACS712-5A guUszana 6 wih femmildideiden WCS2702-2A ileldluyaansn drdudn

=

wdensidendrindndlnil Tunsdifigidedendiiadndlufiuasnsvua ICMAXA71/472

| o

et 3.5 GeanunsoTaldisdnglifiuasnssuauddideinanindndlnihfissegnafer o
ynmeaeulasnisiadnglui qunsaifuddannsatanssualdludisiiviosnis Ao daus

50 mV-5,000 mV

AR 3.3 Ga3anseua ACST12 5A (ACST12-5A)
flun: Arduinoall (2017)
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AR 3.4 FaSansEud WCS2702 2A (WCS2702-2A)
flun: Arduinoall (2017)

A 3.5 da3adnglnin IC-MAXAT2
fiun: Arduinoall (2017)

ludquanvnefenisldvinrewaning §ideidenld viaeuaning Four
digital tube LED display 4119 0.80" A4AIN% 3.6 1HU0I91nANAULARLAILAIIULIVD LAY
Nz 0.80" Fuluwvwalugfigandnisununuszneudus IC-74HC595 nsdnunysenay

U IC-74HC595 ylrdnesanisiaulusensuluaisudald

A 3.6 wieouanwNa Four digital tube LED display vu1a 0.80"
fiun: Arduinoall (2017)
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mMsviaLnlUsunsuAe st Source code anUuUsUAlulelivINzan
uinslduvesdide esangidedeansaisynandaiiionsinnssualasuanInan i
90uAAINa Four digital tube LED display fiusznautdfiusa IC-HC74595 Source code
Aoeldi9UTenoUn1e 2 d2u Ao 1) Source code MNTULAAINANIUNUIID WAL
2) Source code dmiuradsiAdouil islidalauiignuaninaiinuis

3.1.1.2 Jangunsel

1) Arduino Mega 2560

2) Arduino Nano V3

3) fdanssika WCS2702 2A

4) svindngluiinuaznszia IC-MAXA71/472

5) wi13elanIna Four digital tube LED display w16 0.80"

6) USB Hub

7) Tugawdasln 6.5-12V 18U 5V uag 3.3V

8) Breadboard Power Module w5auaing

9) WIIIBTLUIAVLIA 5500 MA 2 1p5eq

10) nasslvwn 30x40 cm

3.1.1.3 Yuneunsaing

FumounisadreUszneuludae 3 dau fie 1) N15A02985 2) A1SHAU
TUsunsy wag 3) MaUsznaugaaisn nsersasusznausegunsal 4 5u ldun 3.1) drtn
nszud 3.2) F3ndndluih 3.3) niieeuanina waz 3.4) Arduino Nano V3 fanndl 3.7 was

[y

AONITANWULLTURYINULAY Arduino Mega 2560
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AH 3.7 A15RBAIANSTLE AN INRkazinvaanNaltnnu Arduino Nano V3

dlevhnisserasSeviesudndudiuesmanamuilusunsud 2 suneu
laun n1sauluan Source code wagnisunly Source code Tun1sanulvan Source code
a1u1san1iulnanniu Arduino IDE Library 93l Source code 2 &1 léun 7-Segment LED
Display uas Moving Average 91niuvmsuily Source code aaitldszylilunanun

3.1.2 mvlssAnsnmuesyaansnizanasiniiinazuanss
3.1.2.1 msvUszavinmuesyaisameideingy

mimﬂizaw%mwmmﬁqmm%méhﬂ;_’JJLG‘?jlsnﬁmzyﬁa mﬂﬁ;}ﬁmﬁmmﬁmw

Uszidiugaansauaglitelaueuuy uwwulselugnadausznaulufe 3 fu 1) Snsueily

Yo1gUnsal 2) Auidenlesiuiilen uay 3) mnuazainlunsldnu uagseszidenreiuy

7 7
A

Useilluanunsaglaninnanuin ¥ msussidluaselilfwenvigyinisussiiuyaaidaiaun

3 yiu lnenansusedivagulanemisian 3.1

A13°99 3.1 WaNAATIENR UszanSawuasgunsalannglienyigy

W10 toii ALadesete udamu
1. dnwauzihluvesgunsal 1-3 4.0 A
2. auidenlosiuiilon 4-5 4.3 A
3. ANdAEAINtUNSIYTUY 6-7 3.8 A
\ady 4.0 f
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3.1.2.2 119MUsEANTAIMVRIYAAITAN I8N 1TERULTEUAULAT I aNIN 1Y

n1sUsgdniainvesynaise musgaziBeanseylilunianuin ¥ Yananisasuiiigy
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3.2 N139DNUUUKATHAILILKUNITIANTSISEUS
3.2.1 WUULKUNITIRY
LUURKUNISIT8LdulUY Nguiien deunau-aounds (One Group Pretest-
Posttest Design) M3338uuu nauiiien deuneu-aeunas ligidvanunsamiuainuunneiig

sgrinneularnainslddensieusle (Kirk, 1982) lnglinmuuuinisnan 3.2

A15199 3.2 LUUBRUNISIAY

daunauLsyu GEN doUnadseu

0] X 0,
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3.2.4 Plickers
Plickers o winnssudmiunmstuiindmeuvesfiseulutuiseu lneiigunsaln
ALy Aell 1) uku Plickers (WHuniidudnwal QR code) 2) Smart phone 1 1A389 3514

a o a & & . 1Y 1% o A v
Ao 1) adasauBnluiuled www.plickers.com 2) fapuairadinuuazseeveiseuly

[

Auled 3) daeuld Smart phone Aeduineasidnniiluanuennaiadu Plickers Lavasdio

Y

W1l 4) fapufeseyouadiseulazAmniuinesns uag 5) gaswinnisduiindrneulagli

=

Fisuenus Plickers & ntuld Smart phone Sufindmaurasiden
3.2.5 uuud1asransguan
WUUA1579N159 UL vHn8Ee wuUd5I9N15QUINAN YR YRINEINUYRIITEY Tag
wuud1TIINIsaURLUeandu 3 @i 1) daveinsiUeuiisundsanu (ndsnudseulanu

avl9) 2) @Y SWUMANE WAz 3) dIUTBINITIINNIN

3.3 N1FAATIVINANITNAGDY

3.3.1 Normalized gain
MMSMIANAINATINEININSSEU (Normalized gain) @msamlaainAsuuunou
GounazvdaSeu Ingldaunisil 2.16 Tuund 2 delddaruinmimenisiSeundgise

ArLUUUIlUA g UA UM AIIUA1INEIN19N15158U 1Ay <g> Uaenin 0.3 Ao

'
[

HAuA1inlunsISEuA <g> 58114 0.3-0.6 Av WISBuNdAMNATIMEIlUNSS suUILNaNg

Y

uag <g> UINNIT 0.7 Av WFBUNHAINLAINTNIUNITITUES

Y Y

3.3.2 MAATiALady dauleauuiinigiy

o |
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e

drudoauuinigu g’ﬁa'ﬁ’ammLaﬁaLLaﬂéaamwmﬂzjuLLmﬁmﬁwﬁm%aawamaau DIRECT
Fams197t 3.2 Toun dhvasiluvensesiiiiinssuanss Maslnda nszua wasdnsludh
3.3.3 N5AATITRYadaUINNTHRUNDULSIULALAILSEY
HidviinseiteasuiififiSeuneugnlifisiesay 50 wazdeasuiidnnugiZouney

v Y] v a a v
Qﬂu@ﬂafl‘waﬂf\nﬂﬂqiﬂﬂﬂ'ﬂﬂiﬁmLﬁEJL!ﬁLi@Q‘LW‘W']ﬂiSLL?W]?Q

e &
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3.3.5 MIAATIRAMUTUNUS TEUINALUUUADUNSUSHULBTANYAIZNITRUIN
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ANYUENITUINNEINY ULagn1TIATIENEIUN 3 Ao NMTIATIEINTEULNVDIISEY

4.1 MSUATIZINAIUINITNNANUAATIVYDA
n153AsIERmIAedy d1leuuuNInggIu wazn1511A1 Normalized gain HaN3
AATIERdaYAioNAAUANLANAITEN IR LULIRRETDUS BULAT AL TEY lakanIuans

AN5199 4.1

A19199 4.1 WSBUiguNaduansnIen1sEeu 1399 INTnseuanss nou-naaseu

A2ENITINNINTTUNITHBULUULNBUYILLNDUNUINATTHIULUUQUIN

ATUIUUNTYUY AZHULLAL 20 AZLLUL drudeauu
NAAZWUY s .
(Aw) AR Jouaz UINTFIU
AoULSYU 26 3.85 19.23 1.62
I RNERD 26 8.62 43.08 1.79

AZLUULRAEYDIRLIIUEITUUTELIU 2 111 NENN153ANITISEUSIUY Peer Instruction
Y] v a )~ v v a Y] =
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Azagluinueiea Ao <g> Woenin 0.3 UANISABULUY IE AUAIMTnIenIsseueglusesu

Uunang <g> 8g5¥1ine 0.3-0.7 Joshua, et al., 2016)
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A197197 4.1 AATITARAATHUUNAFIUNDULSEU (Pre-test) Nadisey (Post-test) way

AUANINEIININTEEUTIBYARS <g>

y Aauseu Andu AT Andu
o (h 20 Azuuw) | Wasiud | (Wn 20 Azwuw) | Wesiwud g
1 7 25.00% 12 42.86% 0.38
2 a4 14.29% 9 32.14% 0.31
3 a4 14.29% 7 25.00% 0.19
4 5 17.86% 9 32.14% 0.27
5 5 17.86% 9 32.14% 0.27
6 a4 14.29% 8 28.57% 0.25
7 3 10.71% 8 28.57% 0.29
8 a4 14.29% 6 21.43% 0.12
9 3 10.71% 10 35.71% 0.41
10 3 10.71% 8 28.57% 0.29
11 3 10.71% 11 39.29% 0.47
12 2 7.14% 8 28.57% 0.33
13 a4 14.29% 12 42.86% 0.5
14 7 25.00% 8 28.57% 0.07
15 6 21.43% 9 32.14% 0.21
16 1 3.57% 5 17.86% 0.21
17 5 17.86% 6 21.43% 0.07
18 3 10.71% 10 35.71% 0.41
19 a4 14.29% 6 21.43% 0.12
20 2 7.14% 9 32.14% 0.39
21 3 10.71% 10 35.71% 0.41
22 6 21.43% 8 28.57% 0.14
23 4 14.29% 7 25.00% 0.19
24 2 7.14% 9 32.14% 0.39
25 5 17.86% 10 35.71% 0.33
26 1 3.57% 10 35.71% 0.47

90




AMARNUIN 3

ANSANUNNAUNIIYINIG

91



92

Siam Physics Congress 2017 (SPC2017) IOP Publishing
IOP Conf. Series: Journal of Physics: Conf. Series 901 (2017) 012119 doi:10.1088/1742-6596/901/1/012119

The investigation of high school student's energy concept by
using analogies

K Toedtanya and S Wuttiprom*
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Abstract. Alternative energy tends to be more widespread in Thailand because the advanced
technology, enhance the potential of equipment which becomes more economically rather than
setting in laboratory likes in the past. For this reason students should understand profoundly
about the characteristic of energy before they learned about altermative energy. To help
students get more comprehension about the characteristic of energy, we need to investigate the
idea about energy. There are three main reasons for the investigation (1) to know how students
use analogy to describe characteristic of energy (2) to find out the most frequent characteristic
that student used (3) to classify analogies for energy by using category of misconceptions
which helped us to group students if there were any vague content in students” explanation.
Students were given a task to write their analogies after doing the STEM activity (Bungee
Jump) in class. The answers were categorized into four terms of scientific contexts: energy can
be accounted, can change forms, can be lost and can be transferred.

1. Introduction

Energy education has become extremely convincing people in society because the demand of energy
has been rising but the energy resources has been decreasing [4]. To teach the energy, analogies are
valuable tools to explain energy in a tangible way [3]. In the present many science text books use
analogies to illustrate the idea of science [5]. On the other hand analogies can show how students
conceptualized the idea of energy [7]. There were the investigations about energy concept by using
students’ analogy. Those paper focused on students who study in different science topic or same topic
with different aspects [7]. But in this paper we did both investigation and classify the students’
analogies with. There were three objective (1) to know how students use analogy to describe energy
characteristic analogies (2) to know the most frequent characteristic that students used (3) to classify
analogies for energy by using category of misconceptions. We used analogies as tools to see what
students conceptualized energy in the way that student.

2. Theoretical Framework

2.1. Analogy

An analogy is very useful in science education. The role of analogy is to explain the scientific model
in more concrete terms, and explicitly states a functional or structural relationship between the target
concept and the analogy [8]. By asking students to describe something in science class with analogy.
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They can create the mental model by individuals even working in a group or alone and analogy is
often used to represent a mental model [2]. Mental models are iconic, that is, their structure as far as
possible corresponds to the structure of what they represent [6]. To investigate student’s concept
teacher can use analogy to reflect what idea that student has.

2.2 Criteria for Analogy

An analogy is often used in science, however students may not perceive the gist of analogy
furthermore sometimes an analogy can be misinterpreted or discounted, educationalists often concemn
about the use of an analogy in teaching [1]. To consider the use of analogies, several analogies are
very convincing so the reader may pay attention to the similarities that relevant to the problem
however the justification of the conclusion bases on logic in nature thus the overall degree of
similarity has no meaning in the process [9]. Under this framework, the analogies were categorized by
using scientific misconception because we really want to explore that how many students use their
past science knowledge to explain new concept. If the students mention things that is not relevant with
science or base on science logic, will be categorize as follows [8]

* Preconceived notions are conceptions that base on daily life experience.

* Non-scientific beliefs are conceptions that cannot be proved by science.

* Conceptual misunderstandings occur when scientific information do not lead students to the
law, theory or model in science.

*Vemacular misconceptions happen when students use a familiar word but it has the different
meaning in science context.

* Factual misconceptions are false conceptions happen when students memorize the situation
and assume that is a fact. Mostly those conceptions happen in early childhood when something
happened and students believed it without asking for a reason.

3. Literature Review

3.1, Definition of Energy

Giving, the definition of energy, is difficult. There is no absolute or universal concept to define an
abstract concept like energy [9]. In science education energy is usually defined as: (1) energy defined
through the concept of work; (2) energy as something that ‘makes things go’; or (3) energy as a
measure of change in a system [5]. However in science the energy definition remain controversial but
the calculation and application of energy is more necessary.

3.2, Characteristic of Energy

Duit [2] has proposed five aspects of energy in science class. Those aspects were concept of energy;
energy degradation; energy conservation; energy conservation and energy transfer. However Lancor
[7] has presented the five characteristics of energy which consists of energy conservation; energy
degradation; energy transformation; energy transfer and energy source. So | decided to choose four
items from their lists which intersect as characteristics of energy in this paper.

* Energy conservation - Energy cannot be destroyed or created.

* Energy degradation - The usable form of energy is decreased because it changes into
unusable form such as when you put a hundred joules into a pistol the pistol changes 80 joules into
mechanic energy but the rest of energy transformed into sound and heat energy.

* Energy transformation — Energy has various form and it can be converted back and forth.

* Energy transfer - Energy moves from higher intensity to lower intensity in a system. For
example, if you throw a ball into a stack of cans. Energy in a ball is higher when it collides, energy
from a ball will transfer to a stack of cans.
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4. Method

4.1, Participants

Participants were twenty-nine high school students from intensive mathematic-science program which
have been lectured in mathematics and science by professor at Ubon Rachatani University. The class
was conducted by the professor and his assistances, there were two section- the first was lecture which
took about 2 hours the topic covered gravitation and elasticity energy. The second part was STEM
activity, students spent 3 hours to finish the activity.

4.2. Data Collecting and analysis

The task were given to students at the end of the class, students were asked to write the analogy which
represented the energy and to give the description to support their analogy. The data were analyzed
concisely by three physics teachers and judged by the coding criteria. If there was a split decision,
Judges had to discuss together to find out the consensus.

4.3. Coding for the characteristics of energy
There are the criteria for classifying the characteristic of energy as follow:

* Energy conservation - if the students mentioned that energy cannot be lost or created.

* Energy degradation - if students mentioned that energy transforms into other forms that
cannot be used or can be lost from a system to environment.

* Energy transformation ~ if students mentioned that energy has ability to change forms.

* Energy transfer - if students mentioned that energy moves from one place to another or
being transported by carrier.

The example for split decision in the characteristics of energy was “Energy is like lightning
strike because lightning strike can tum into heat, sound and light as energy can change its forms...”
two judges agreed that was the characteristic of energy transformation but the other one did not
agree, he gave the reason that when lightning strike happens it produces tremendously heat and small
amount of light and sound compared to percentage of total energy, so it should be energy
transformation and energy degradation because the most energy from lightning strike is heat and
only few loses into light and sound. Then one of the two argued energy degradation was considered
when students defined usable energy in the system. Finally they all agreed that energy degradation
was nonsense in this case.

4.4. Coding for the types of misconception
There are the criteria for categorizing the types of misconception as follow:

* Preconceived notions ~ if students gave an example in daily life that conflicts with science.

* Nonscientific beliefs ~ if students supported ideas by things that science has no explanation

+ Conceptual misunderstandings - if students used a reason to support their analogies but it is
contradiction with reality.

* Vemacular misconceptions - if students used words or slangs to support their analogies but
those words mislead to the right explanation.

* Factual misconceptions - if students claimed something which believe that is the fact but it
is false in reality.

The example for split decision in the categorizing of analogy was “Energy is like money. We
can exchange money to other things. Energy is also, it can change into other forms,” One of the judge
claimed that money should be considered as non-scientific belief because money does not have real
value (unit) in science, so we cannot measure it by scientific method. But the other judge offended that
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money should be unidentifiable (none of five ems in misconception) I this case because it has its
value in economic which is quite tangible for human bemg so as it 15 real for human life but it does not
real in science, unidentifiable is a better choice for me. The last jodge also agreed that money can use
for substitute in this case and student had not mentioned things that were wrong in scienfific context,
he just had related science by using the logic from economic. Lastly all judges decided to clasmfy
money as indefinable.

5. Reszult

Table 1. The Examples of student’s analogies

Charactenistic of Energy Students” analogies
Percentage Example of analogies

Energy conservation 66.7 Energy 15 like water because water can change

and Energy transform states and emergy also can change forms.
Neither energy nor water can be destroyed or
rebmlt Such az someome wants fo destroy
water by bolling them in fact the water 1=n't
being destroyed, it is changing the state from
Liquid to vapour

Energy conservation T4 Energy 15 like opening the door. While the

and Energy transfer door 1s standstill, no one pushes it. The door
izt moving. The moving of the door iz
cansed by a person who 15 dishobing the
balance of the force then the door is gomg fo
move. Like the energy can transfer from a
person to the door and the energy doesn’t
vanish it just changes into other forms.

Energy conservation, 37 Energy 15 like a Pmball game. Because energy

Energy transfer and canses work and work can cause motion.

Energy transform When we push the button to hit the ball the
ball will hit other objects which causes energy
transfer but the energy doesn’t lost, it just
chanped forms into heat.

Energy transfer and 37 Energy is like the moving swing. The moving

Energy Degradation of the swing i like periodic motion. When we
push the swing, the force will be applied from
a person who mtz on the swing to itself
However we have to push or shove more than
one times to constrain the movement because
the force 15 nesded to be applied to
compensate the friction force between the
swing and the bar.

Energy Transform 148 Energy 15 like money. We can exchange
money to other things. Energy is also, it can
change into other forms.
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3.1 The frequent of energy

Water was the most frequent analogy (29.6%). most of students used water to represent energy as a
substance that can be transfered and changed. The rest of the frequent of analogies were feeling
(14.8%), process or activity (11.1%:), etc (40.7%) and unusable comtent (3.7%) respectively.

3.2. The catagorizing of analogy

About 63% of students supported ther amalogies by using sciemtific comtemt The others were
catagorized as non-scientific behefs (259%) and Conceptual mismderstandmess (7.4%) and
indefinable (3.7%).

6. Discussion

The findings indicated that even most of students gave the same representative of energy (water) but
their explanations showed that were divergence. An example for the difference between students”
answer wag water in body respiration (biclogy context) and was water in chemical reaction (chemistry
context) but both of them had expressed the idea of energy conservation and transformation in the
appropriate way. On the other hands students compared feeling with energy that was not absohately
wrong because their model could represent the characteristics of energy but the models was limited
due to the feeling is an abstract as energy. According to the mvestle:atlnn of mizconception, the first
step to wipe it cut is to find what is kand ufpememed notion that students have [®]. Lancor[8] found
that students compared energy to the soul and then students changed to another analogy due to the
limitation of the soul. Finally most students gave the reasonable explanztion to support their analogies.

7. Conclusion

The study found that studemts used crystallized idea, daily experience and belief to help them
explaining enerpy and most of them selecting water as a representative of energy. They used the same
thing to express the characteristics of energy in different explanation but those aspects converged to
the same key concept. By using the misconception category, the result shown few students” analoges
were classified in the category because their analogies cannot be supported by scientific content. Some
students substituted energy with non-scientific belief which we do not want them to respond in that
way (we preferred to see students using activities, events, tangible objects to represent the energy).
Vice versa the majority used analogies which we can found m daily Life and followed up by scientific
content. According to the mistake we suggested that the answer sheet should have detail for preventng
unwanted answers. However students honestly answersd the questions with thewr thought In the
future, we can reinvestigate students’ concepts through their analogies again and give them the energy
conceptual understanding survey to find out how students reallw understand the characteristic of
energy that they explamned.
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Abstract

After Eric Mazur has proposed interactive teaching method in large class university
environment hamely peer instruction, it has become favored in general because the instruction
helped students got more understanding in physics. The basis of peer instruction is the
classroom respond system (CRS) by using a set of multiple choice questions relates to concepts
which is called ConcepTest®. Initial students used flash cards which have got the letters A, B,
C and D. However, the problem for using lettered sheets is that a lecturer has to spend 2 — 3
minutes on each quiz for counting a number of students’ answers. For each counting, a lecturer
gets only the holistic view of a poll on students’ answers which clarifies the result — how many
students choose on A, B, C and D before and after peer discussions. By using it, class time
is limited, and it has been used for counting a number of students’ answers. It means peer
instruction can use about 10 — 15 percentage of classroom time for this purpose. Later, the CRS
called Clicker has been developed to be able to record and display the answers immediately.
The clickers cost about THB 28,748 (For 32 pieces). If the class has 50 — 60 students, it will
cost about THB 57,496. At present, there is a free application which is called Plickers developed
by Nolan Amy. The Plickers can be used as Clickers, but it doesn't require devices except
smartphone. The Plickers can be used up to 63 students with working with sheets of QR-code
paper and only one smartphone with internet signal. Therefore, the Plickers can be widespread

to any schools.

Keywords: Plickers, Peer instruction, Real-time classroom respond system, quick formative

assessment
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const int SCLK_pin=T;

const int RCLK_pin=6;

const int DIO_pin =5;

const int numReadings = 20;

const int numReadings1 = 20;

int readings[numReadings]; // the readings from the analog input
int readings1[numReadings1];

int readindex = 0; // the index of the current reading

int readindex1 = 0;

int total = 0; // the running total
int totall = 0;
float average = 0; // the average

float averagel = 0;

int inputPin = AQ;
int inputPinl = Al;
int Current0 = 0;
int Voltage0 =0;
int Current = 0;

int Voltage = 0;

char disp_c[8];
char disp_c2[8];
int disp[8];

//time values for delay workaround
unsigned long prev =0;

unsigned long waitMS=0;

void setup()
{
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// initialize serial communication with computer:
Serial.begin(9600);
// initialize all the readings to 0:
for (int thisReading = 0; thisReading < numReadings; thisReading++) {
readings[thisReading] = 0;
}
for (int thisReadingl = 0; thisReadingl < numReadings1; thisReadingl++) {
readings1[thisReading1] = 0;
}
pinMode(RCLK_pin,OUTPUT);
pinMode(DIO_pin,OUTPUT);
pinMode(SCLK_pin,OUTPUT);
showDisplay();
}
int n = 50;
unsigned long start=millis();
byte b = 0;
void loop()
{
showDisplay();
if(b==0){
b++;
wait(100);
}
else{
if ( millisQ) > (prev + waitMS))
{
total = total - readings[readindex];
totall = totall - readings1[readindex1];
readings[readindex] = analogRead(inputPin);

readings1[readindex1] = analogRead(inputPin1);



// add the reading to the total:
total = total + readings[readindex];
totall = totall + readingsi[readindex1];
// advance to the next position in the array:
readindex = readindex + 1;
readindexl = readindexl + 1;
if (readindex >= numReadings) {
// ..wrap around to the beginning:
readindex = 0;
}
if (readindexl >= numReadings1) {
// ..wrap around to the beginning:
readindex1 = 0;
}
// calculate the average:
average = total /(numReadings);
//Voltage (milli)
//nano 526 Mega 497 518
Voltage0 = ((average-497)*5.102)-0.627;
averagel = totall / (numReadings1);
Voltage = ((average1-519)*5.131)+3.011;
if (VoltageO <= 0) {
Voltage0 = 0;
}
if (Voltage <= 0){
Voltage = 0;
}
disp_c[0] = (Voltage0/10)%10;
disp_c[1] = (Voltage0/100)%10;
disp_c[2] = (Voltage0/1000)%10+10;
disp_c[3] = 'A’;



disp_c[4] ="A’;

disp_c[5] = (Voltage/1000)%10+10;

disp_c[6] = (Voltage/100)%10;

disp_c[7] = (Voltage/10)%10;
wait(200);

}
}
}
void showDisplay()
{
setDisp();
for(int i=0; i<8; i++)
{
setDigit(i,displil);
}

}
void setDigit(int dig, int character)
{
int digits[]= {128,64,32,16,8,4,2,1};
int digits2[1= {1,2,4,8,16,32,64,128};
int characters[]= {
3,159,37,13,153,73,65,31,1,9,
2,158,36,12,152,72,64,30,0,8,

112

17,1,99,3,97,113,67,145,243,135,145,227,85,19,3,49,25,115,73,31,129,129,1

69,145,137,37,

5,193,229,133,33,113,9,209,247,143,81,227,85,213,197,49,25,245,73,225,19

9,199,169,145,137,37,
253,255 I
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digitalWrite(RCLK_pin, LOW);

shiftOut(DIO_pin, SCLK_pin, LSBFIRST, characters[character]);
shiftOut(DIO_pin, SCLK_pin, LSBFIRST, digits[dig]);
digitalWrite(RCLK_pin, HIGH);

shiftOut(DIO_pin, SCLK_pin, LSBFIRST, characters[character]);
shiftOut(DIO_pin, SCLK_pin, LSBFIRST, digits2[dig]);
digitalWrite(RCLK_pin, HIGH);
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A0 C.Mega Al CMega | A3 CNano | E3631A | A0 C. Mega E3631A
x0 (mA) X1 (mA) x2 (mA) | y0 (mA) x0(mV) yo(mV)
4 3 4 20 1 67
8 8 8 40 2 92
12 11 13 61 3 117
16 15 17 80 4 135
20 19 21 100 5 161
24 23 25 121 6 185
28 27 29 140 7 213
31 30 33 159 8 246
35 35 37 180 9 263
39 38 41 200 10 287
43 42 45 221 11 309
a7 46 49 241 12 331
51 50 53 261 13 352
55 54 57 280 14 375
59 58 61 300 15 398
63 62 66 318 16 426
67 66 70 340 17 451
71 70 74 361 18 473
75 73 78 380 19 491
78 77 82 399 20 518
83 81 86 420 21 540
86 85 90 437 22 564
90 89 94 460 23 583
94 93 98 479 24 614
97 96 102 497 25 636
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Abstract

After Eric Mazur has proposed interactive teaching method in large class university
environment hamely peer instruction, it has become favored in general because the instruction
helped students got more understanding in physics. The basis of peer instruction is the
classroom respond system (CRS) by using a set of multiple choice questions relates to concepts
which is called ConcepTest®. Initial students used flash cards which have got the letters A, B,
C and D. However, the problem for using lettered sheets is that a lecturer has to spend 2 — 3
minutes on each quiz for counting a number of students’ answers. For each counting, a lecturer
gets only the holistic view of a poll on students’ answers which clarifies the result — how many
students choose on A, B, C and D before and after peer discussions. By using it, class time
is limited, and it has been used for counting a number of students’ answers. It means peer
instruction can use about 10 — 15 percentage of classroom time for this purpose. Later, the CRS
called Clicker has been developed to be able to record and display the answers immediately.
The clickers cost about THB 28,748 (For 32 pieces). If the class has 50 — 60 students, it will
cost about THB 57,496. At present, there is a free application which is called Plickers developed
by Nolan Amy. The Plickers can be used as Clickers, but it doesn't require devices except
smartphone. The Plickers can be used up to 63 students with working with sheets of QR-code
paper and only one smartphone with internet signal. Therefore, the Plickers can be widespread

to any schools.

Keywords: Plickers, Peer instruction, Real-time classroom respond system, quick formative

assessment
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