l anImnaiguannsi J

N1IRAILIAUITALUIAALAZNNTIATIRINGANTTUNSITEUS
v a = = g
A2UNITHBULUU ILDs 1389 n1siadauiiuuulnsianing

WAZNHNITOUTNENAIUNS

3

a

g NvUYU

)

il

Y
< [ a

IngdnusiilusdrunilevasnsinvinamdngnsUSygruivanui tudn
AU INYIAEASANE ALINYIAENS
UMINYIRYIUATIUSI
Un1shnen 2563

4 LY
amawsu‘flwamm'mmaaquaswmﬁ



l animnaiguannsi J

THE CONCEPTUAL UNDERSTANDING DEVELOPMENT
AND BEHAVIORAL LEARNING ANALYSIS BASED ON ILDs TEACHING
IN PROJECTILE MOTION AND LAW OF CONSERVATION
OF MECHANICAL ENERGY

SAKCHAI RACHNIYOM

A THESIS SUNMITTED IN PARTIAL FULFILLMENT OF THE REQUIRMENTS
FOR THE DEGREE OF DOCTOR OF PHILOSOPHY
MAJOR IN SCIENCE EDUCATION
FACULTY OF SCIENCE
UBON RATCHATHANI UNIVERSITY
ACADEMIC YEAR 2020
COPYRIGHT OF UBON RATCHATHANI UNIVERSITY



a
219158NUSnEN

(509ManTINTS A9.ANS Tagnizaed)

AMUAAMEINEANERNS

( nm’inméﬂqna‘numﬂ |

Tususesineniinus

W INeNaguUaTIYsIll

Uyl Sueynqui)Undin

a a a [ 4
aQﬂW'JﬁW'JVlU’lﬂ']ﬁﬂ{ﬁﬂ"dq AULINYIFEINT

§ade wednade swiley

AMENITUNTIEBU

A3.5UM qIIMEII

a

NeMansINsd Asgsy Ny

e eXe

Y8AEan158 n3.9M VNI

e

593NEANI1AE AANART dnwI

AYI8MARI1913 AT.NuARSIl Jdlaan

..........................................................

(EH0manInnnse asgsy mnsw)

a < a o P
a‘lla‘ﬂﬁt‘l]u‘llmuwl'mmaﬁlqu a31UY5U

Unasfinen 2563

- L ¥ a a a =) v v
399 NMIRAINANUTILUIAALEENNT) LﬂswxﬁwqmnsiummauEmamsaau

o o o ¢ v ¢ w
WU ILDs 1994 mimaau‘VlLL‘U‘UI‘WiLﬁ]rﬂmaLLaSﬂQﬂ'ﬁmg'iﬂwwaN’mﬂa

UsesunIsuNs
ASIUNNT
NITUNNT
NITUNNT

A3IUNT

(Y09@R319758 05.0581050] WawsPL)

59993N15UAHNeIYINNS




ANANssuUsZNIA

Angrlinusddnsalarisninunininazounsziog13fes 91n0191587U3n

a s

HYIEANENTITE AT.ETE JANTVN KAER19158 AT.5UA1 d33R5ITU 81915891USNwTN

q

e

| [V (%
;7

AONTUAAILULUN WAMY BWALAAMINNITVIINGIRNUSATITDE19INATALAUDUT HUAILH

9

L

4 a

Suduaudiuseuievanysal {33u5dng1udddunnungauiveinuilusgneiag
Javeveunseamluegnaadld a lon1all uazvovounseaAm 9139138 A9.58A1 d95M535Y

UsE51UNTIUNTADUINGNTNUS NFI8AIERAI19158 AT.0AL ANTIY T99ANERAT19158

Y 9

'
(3 U 6 a =

AT.ANAAT 40195 wardigA1ans1915d as.n1udeesel Jaliaan Fadunssunisasy

q
[

Weninus Anganlianuinseuiaduugiifd miunsideluasil
YBYDUNTEAN 01915981898 NUNWIAa JYuAans1a1sddadin vaius Auag

lyady wadTel AMAIWAIA WA AuATTUR LinSla wazAnATEIUIT IanTE)aad

a v

g ¥ o ° | A o qw o o A a o & ! Yy o
Vﬂﬂﬂ?’ﬂLLU%UWLL@%W?W@J“U?EJL‘Via@ﬂ'ﬂ‘mﬂ'ﬁUi‘UU?\‘iLLag‘W@JuqLﬂi@ﬂll@'lzﬂEJa']LiGana'JQIUW'JEJ@I

YeUoUNTEAUAUIANNTWAARIUNENS (Thailand Center of Excellence in Physics: ThEP)

[V
v

fidremdsuazatuayunudmiunuidsluassl veveunszauanziuims angaslsou
uvssansmnvity eeglimddauasiiemdonuigauazanlunislfinieaile
380 naensutiniSeulsuSoumssamnuiilieusuilesssisdunsiunusudeya
anvieiivevounszamamIaiudngnsinermansdnuiuazami199 0130
fdndnnviu saufiainAnvindngnsussgyiauivudn arwiisiingiaiansdnu
Aurinermans uninedeguaswsiil nauiliduuziuazliiddaanenn uay
votfonsrAndmszandan u13n1 Ane AuEwazasauAd fiinesilurdslasiuvisly

nsatvayulunsfinynagyinideluasll



1399 : MRIANUIlILNARLaENTIATIEINgANTTUNTISUIMENTSaau

WUU ILDs 1389 nMswndauiikuulnstaninduasngniseysnunasaiuna

Akl npde 519l
Toueyayn : Uy ned dnudin
AU - AWIEEN AN

)
2
)
-
aN
(ai2N
=)
[l
R
)
@
2

L {YI8PNENT19158 AT.A5E JANTUY
ANEATY : MsiANseusiuUUTIEIRaEaaU fauus, Wand, Wsanlng,

oSNNS, ANUIANY

[y

a dil
N19398U

IS5

nnUszasAiie (1) ai1auasmUseanNsnmynnisnaasseunUseasnamsy
NSYITINITADU 1583 MstAdeuikuulusiaalnduasngniseusnendanuna (2) senuuy

WAEHAIUINITIANITTEUTALTTNTAOULUY ILDs waz (3) Waluranadrlalubuifie

=

dl dl (3 3 L3 U ! U I d‘ a v gj d’l
[PION ﬂ’]iLﬂaau‘VlLLU‘UI“LJiL"UﬂI‘V]aLL@SﬂQﬂWi@lﬁﬂﬂwaNWUﬂa ﬂqumamwslﬁfﬂumn%mqu

[
v a v @ =

AtnSyutulsauAnEw TN 5 AASeun 2 Un1s@Enwl 2562 911U 40 au Feleunlaneisnis
= a A Al a v v ¢
HenkuuL1Eas nseslleldlun1sideusenauluiie ¥an1snaaetaunUssata wHUNIS

Jan19i3eus wuunaaeuinnuila wuudunangingsy #an153Tenudn YAn1INAaes

§ =

YA AT NAUITUTUTLEANSANNIINGAE@RSVNTU 96.33 WWashTun

s a va

DluUNUIzaIAnNi]

a s

o a v a _a = = PN 1% o ¢
‘LlﬂLiﬂumﬂ?quL?JqIQIULLu’Jﬂ@Wﬁﬂa L3893 ﬂ’]iLﬂa@umLLUUIUiLﬁ]ﬂlWaLLagﬂaﬂqiawiﬂU

[

Wadsuna galunseaudedidy .05 daruimidimianisiseuadenituegluszdu

o

U1Unae <g> Wiy 0.64) uagilanuinamu nganssulagsiuvesinSeulasajiaaunaen

N3IANTTEUSIAN YL LUULTAIN



ABSTRACT

TITLE : THE CONCEPTUAL UNDERSTANDING DEVELOPMENT AND BEHAVIORAL
LEARNING ANALYSIS BASED ON ILDs TEACHING IN PROJECTILE MOTION
AND LAW OF CONSERVATION OF MECHANICAL ENERGY

AUTHOR  : SAKCHAI RACHNIYOM

DEGREE : DOCTOR OF PHILOSOPHY

MAJOR : SCIENCE EDUCATION

ADVISOR  : ASST. PROF. SURA WUTTIPROM, Ph.D.

KEYWORDS : INTERACTIVE LECTURE DEMONSTRATIONS (ILDS), PHYSICS, PROJECTILE,
LAW OF CONSERVATION OF ENERGY, RETENTION

The objective of this research is to (1) design and assess the efficiency of simple
experimental sets for integrated teaching on projectile motion and the law of the
conservation of mechanical energy, (2) design and develop learning activities through
the Interactive Lecture Demonstrations (ILDs) method, and (3) develop students’
understanding of projectile motion and the law of the conservation of energy.
The study involved 40 students who were purposively selected from grade 11
students during the second semester of the 2019 academic year. The research tools
consisted of learning lesson plans, a multiple choice learning achievement test and
classroom observation protocol. The results showed that the experimental set
worked perfectly and served as suitable learning activities for these topics.
The efficiency of the simple experimental set was 96.33 percent. The average
students’ achievement score was significantly increased with a statistical level of .05
and the average students’ normalized gain was 0.64, categorized at the medium gain
level. The students’ retention rate was 0.64, categorized at the medium level.

The behavior of the students and the teacher demonstrated active learning behavior.
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1.7.2 Tuumndunsianguuuunsaey Bos matedeudilnsianlnduazngniseysny
NA9UNG

1.7.3 Iunmdumsitanndneulitianudlelusnin Gos mandeuilnsianlnduay
ngNIToUSNENEN LN

1.7.4 laguuuunisdaasutinissusasagiasuliiinginssulunisisoukasn1sdnnis

SEUTUUULTAIN
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Tun1svinideasslfidelafnwiruainfeiduiwifn nguuazauiseiiieites weld

Y

Huuuamnslumsviiide Tneldsusudeyadeiderelud
2.1 winfange)nsianisseus
2.2 Wswnsu Tracker
2.3 wuudaunm COPUS
2.4 ANUAINUYBIANINS (Retention)
2.5 msUszdiunnuinmtimensdewads (Normalized gain)

2.6 Lemagngudneaiand

¥

2.1 WUIAANEANITINNITREUS

v

2.1.1 duIRANqEN13TEusLAeIN (Active Learning)

Y 9

a Y] = Y a . . & aa Y] = v =
ﬂqﬁLiﬂuf\]@ﬂqiLiﬂuzLGUQ?ﬂ (Active I_earmng) Lﬂu'ﬁﬁﬂ’]i"ﬂﬂﬂqiﬁﬂugzﬂLL‘UU‘V‘UQ

2 1 = 14 1%

nianwarduasulvigiSsunudidensiseus waziidiusulunssuiunisdanisiseus lagli

a

SeudunumwanlunisuuRfanssuvsenaiamauiwaglaldnssuiunisfniediuied

@32

sutadlanseiiadly Bonwell, 1991) 11AUTUNIATIER FUATIENIUAINTAATINBIAAINS
l@denutes (udnd asnsiu, 2555) Fsunumvesiseuazgnivasuldaingsuaiiug
(passive learning) ﬂawLﬁu@ﬁdauiaﬂumaa%’wmmﬁ (co-creators) (Fedler and Brent,
1996)

naeuiitanIadunmsdansEeuinuLnnsas RN TemIg Al - afaRIan
fidunsrurunisnmsateanufuinniinisuanug TaegiFeudududaine (Construct)
anufsemueslagiuUszaunsaisensasiiou fuRRanssunsSouiase desvaunisal

a ¥

ANy Yeyaluvil aznseduliiiFeuaselassairanedyyimiesondn afun

(Schemas) nangtduguuuunisviaudile aulalassadavesauslng (wunsd wana,

2554) AN 2.1 @IUUNUIMVDIATHADU AB NITINANINUIARBN UTUN uazduasy



AINTTUNALNTLAUNITTEUTVOIFLTHU FINNIIANAEAINA 9 TuianssunIsiseus

Aagwuriilegiseulsraulym (Uahes vumes, 2556)

AMuGiAy |

- Toc o pc
NIEUIUNINER TN Inseaienmglni

doyalumi

AN 2.1 AMUFURUSVDID9AUTZNBUYRINTATINAINS

dmsuniaifeusifegnduasliosdusenauni d1Ay 3 09AUsenau b wn
1) a3AUsENaUNUgIU (Basic Element) 2) nagnslunisiseui (Leaming Strategies) wag

3) N¥NEINTNI9NITADU (Teaching Resources ) 7 duus Ay (Meyers; & Jones, 1993)

FININT 2.2

=) 4
nagNslunNsseus
p P (Learning Strategies) o ’d
29AUIENIUNUFIY S NINYINTNIIN5HDY
nslEnguLan 9 ,
(Basic Element) . (Teaching Resources)
M3viuLUUTINie :
MsNALagn5ils e N394
' NIEANW "
MsTeu ' N3UBUNNENITU
nsldaniunisaidnaes = =
581U walulagniensfing
. n1senuiy = .
NTALYOUAIINAR ) nsimseNgunInl
nsundsym .
N e s Ay NENSAN
MsReuduinnsiseu;

=] 3 = Y a
AN 2.2 E]\‘iﬂ‘Ui%ﬂE]‘U?JBx‘lﬂ"lil,’iﬂuglﬂl\ﬁ:ﬂ



31NFILUNITITENUINITIANITT BRI LTI NI RUINATUgNTNIaN1T T8

1y

ligedu (@fwn ASfiwaiuna, 2553; 93wl yeyaw, 2556; Gardner et al., 2012; Freeman
et al,, 2014) ¥nissuiinrunsziesasunazlinnuaulalunisFeusiuludidingfnssy
aunsiseuegluinaeiauin (@ins1 gEninuid, 2560; Freeman et al., 2014; Jensen

et al., 2015; Caron et al., 2004) wenaniUgwihliiseusianudnlaiennasulagndes

[ '
= a

ande inpduaukasideulesAituslaa (USe1 auily, 2559; Renner and

Abraham, 2008; Mazzolini, A. et al., 2011) a4y A159ANTSLTEUTITeINTunUgiY

' [
a Y oA v 1

Juisgundiseurianuazaou @sns wluiwegiaui, 2547) msgasyiidiSouiio

Y

yclld 1 ¥ b4

QREGHANISAON & Wun1siseusndauen meANANLEINIsaLazauaulavesisey

9 Y

&

(UnA B MuNeY, 2556, 81959910 Shenker; Goss; and Bernstein, 1996) auv i 15ou
Uszavanudnsalunisious
2.1.2 N138ULUUUTTE8UTENaUNITAIS B IUNFUWUS ( Interactive Lecture
demonstrations: ILD )
N3ENSAUTENBUNITUTTUNTIUANNUS (Interactive Lecture Demonstrations;
ILD) Lﬂuﬁﬁﬂﬂiaau@ﬁﬂgﬂLLUUMﬁﬂ (Paosawatyanyong, B. and Wattanakasiwich, P., 2010)
aniunldlunissansifousivfdnduazividu 4 meinermans iesnndusuiuy
Asaoufiannnsatisaiianssuiunsiisuduazusseiniavesniisous nod Lol
MsUSuABuTe A suAnINY i'ﬁmiaauﬁgﬂﬁwuﬂma Thornton wag Sokoloff (Sokolff &
Tomton, 1997) dnwmslauvesisnsasuiife Wunisaouussenedifyaaiia uas
wuUYuewa (Prediction Sheet) 1 olugiSousinn1sAIAn1saldney uazdananaain
yaaSauwadlvaSsulsuduinuanisdunaasluwuuduiinuanisansea (Result Sheet)
Tuspmamadsunisaeutiufagliinsefune sz SeutugaeunasySouneiulos

1ng819iAouN A0 8lUNITUAAIYBLAINNITANS AL BAT19UTTIINIALUNTIT B

YDIHITIU NITADULUU ILD Usenausie 8 Tunau fan1s1eM 2.1



M19197 2.1 393n3n15138u3 (Learning Cycle) YaIN13HBULUY ILD

Jufi 1 | faouodueisnsadelsfiFouilnouanse
Prediction | 4t 2 | faeulifFeuwiuemaadluuuyiuiena
Prediction | il 3 | dfapuniumanisyiue
Discussion | il 4 | faeulvii3susiungudn 1 fudteundetueivsenams
ue
Prediction | 4l 5 | fapuligSountazaudounarusadluwuuyiuienadnass
Observation | 9ufl 6 | faeuuanananisasalviEioug
Discussion | il 7 | ffapunardi3rutiefuofusenanisaBniiindu
Synthesis | il 8 | HasusnanunisalluTinusy Tufiediendstutsngnisaifianse

9115797 2.1 annsaasuidunszuaunislunisianisifeusuu ILD eeg1ede
16 3 duneu Ao Tuvue TuatrieUsvaunisal uasduavsiouna (Rachniyom S., 2017;
Rachniyom S., 2019) LARITINING 2.3 BausavdunouansaLanITgaziSoalddeE

Suvune (Predict) Lﬁuﬁﬁgumauﬁﬂga%maL?imﬁumisqmqﬂmaimimaaaiwlﬂﬁa
anunisalsnass antulinisounsdasauldainnisainevuenaInnITNAADINE NS
ansandeuadoudvinunsaduwuuiudinuadl 1 (Prediction sheet 1) n§sanvinuneiasa
TiiniSsuusazauiiingudesudreAusefuaindnlunguisamadisgiind uainnisaise
wionaaes Mniulidendeasiresnisviuedmiunguuesmuendalidnisuusagey
Bounansviunednadadlutufinnadl 2 (Prediction sheet )

FuadrsUszaunisal (Experience) Gi'?wfﬂgwLﬂu@m%mmimaaw%m%z“[,ﬁ
ﬂfﬂL'%EJu"LuLwiazﬂa;ulé’Ug'jﬁ’amimaaw’hamumL‘ﬁaﬁﬂmﬂsmgmimim'%amamﬂmsmaaa
MAndu Tnelddnidsutinaildainnisnaassndudinaslunuudufinug (Result sheet)
dmsuludunouivniZousrdunuisnnumiiou AnuAd1ends wasAILANGNY SEnInsae
Funglifunafiinainnsmaansass

Fuavsiouna (Reflect) Wutunouiliynsouldinaildainn1snaaesass
W iueAUTIBIlaumdeu AuAd1eAae wSoAULANAIY AUE T baviunels

agdlstne InelunisedunesiuiuseniraindeuiuinGeulasiniSeuiuagiaeu a1ny



asuTunuigiuimeeukardwdniseulaseus venaniasiaeuazendiogauiuiiy

Feapunisainendiagatumsasonlasonuiulaludinuses1iu

YUAT
L . Uszaunisal L
JURIUE JuaLiauea
. Experience
Predict L] P Reflect
71

[

i 2.3 n3EUIUNslun1sianTsiseusuY ILD

FeTmanardunouresmstnnaBsuduuy ILD Hu wut dndsufiFoudeisd
daudlalunnAamsiignduasanuinmiinisnsiSoudifiagy (Sokolff & Tornton,
1997; Wattanakasiwich P., 2013; Georgiou, H., & Sharma, M. D., 2014; Kurniawan Y.
et al,, 2016) 1iAN5LT8us o 1vdAAd Al niTeunazasdaluianelanenisdn

n3u3 (Mazzolini, A. et al., 2011; Efthimiou, C. et al., 2011)

2.2 TUswnsu Tracker
TsunsuTracker iulusunsudniaguiiwamuidulag Douslas Brown @51991n Open

[ [

Source Physics: OSP ildawaeufianesa11 Uava) undn Fagusrasdnisldauwes
Tracker A 3miwﬁmwLﬂﬁauﬁlwaw§aﬁﬂwmzmsm%uﬁmaﬁm (VDO Clip Analysis)
dwsulusunsy Tracker fuazvheusauiu Quick Time Faudulusunsudmsuila/auld
3o nelnidiflefamnsaldnuiulusunsuilfagdoadulndfifiumana .mov, .avi, mpa,
wav bhay .apeg

safunisldern Tracker axdossniunisinaslusunsusineg laua 1) Java Runtime
Environment JRE) a@1unsaaniudluanlaain http://www.java.com 2) QuickTime &131158
a1luanalaann http://www.apple.com/quicktime/download wagz 3) Tracker #1110
anulvanlaain https://physlets.org/tracker/ i'jﬁ]fgﬁ'ul,’aa‘fﬁﬁbué’lqmm Tracker fi® 5.1.4

dmsuasAUszneu winimsldeusasnssrvesiilefiariinseinsvedusunsa
fiseazideadsioluil

~ o :‘i-:".j
(1) Waluswnsuselonau <

(2) Welusunsugnilaazusingminsasanini 2.4



& Tracker

File Edit Video Track Coordinate System View Help

re for hints (or turn off hints in the Help menu), press F1 key at any time far hel;

000 [100% = u » G2 TR T

-

o

| Untitied |

EH & % =3 w- L | #cree Quesw | oz | ™ 9 A A| 2 A
W Now available: version <tDOCTYPE HTML PUBLIC "-#IETF/DTD HTML 2. 0/EN"><himi><head=><title>301 Moved Permanently<i d
Main view of video and tracks will appear here El a
Chaose File|Open or Tracks|New to start
Plot view of track data will appear here

Table view of track data will appear here

2NN 2.4 UNeN9Ya9lUswNSU Tracker

10

(3) Ualwaidlefiaein1sias1eit lneldenyl File > Import > Video LaAIRININA 2.5

91NUUILYIING Folder Aan1nil 2.6 Tideanlwad

o

3]

INTAATIER > Click Open

Choose File|Open or Tracks|New to start
=3 Open Library Browser...

%3 Export Tracker ZIP...
Close Tab "Untitled"
Close All Tabs
Save Tab "Untitled"
Save Tab As...

Tabset As
Import
Export

b Video...
» Tracker File...
Text Data File...

ol |

Properties...

Print... Ciri-P

Exit ctr-q

& Tracker - o x
|[File| Edit Video Track Coordinate System View Help
i , ~ T ; "
hew b J- | ¥ create Quaoas | oty | > o A A | A A A #- 3238 C
= Open File... -0
Open URL.. memory in use: 19MB of 247MB
Open Recent » Main view of video and tracks will appear here.

<
¥ 1= -

Plot view of track data will appear here.

Table view of track data will appear here.

ANA 2.5 BENAUEAIIUABUATS Import video file
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@& Tracke [E]
[ k C

File Edit Video Track Coordinate System View Help

S H/ 5 | B Ww- | Kcreate 77 B | Qaosn | o [N 8 A A A A4 A £ =8 €
v memary in use: 15MB of 247MB
Main view of video and tracks will appear here. :I == a

Choose File|Open or Tracks|New to start
Plot view of track data will appear here.

| £ Open X
Look ;3 asat RREN ==
[} 40 mampd [} 42614666_534892063
[ 60 em.mp4 [ 42617430_753131781
[ 80 cm.mpé [ 42629527_534891910
[} 100 em.mp4 42643238_640536463

[} 42534145_753131391687798_4160478022987677696_o.jpg [ ) 42646706_561552260
[ 42576297_753129961687941_8119126771003031552_o.jpg [ ) 42647798_640534876

{] I I ] _
File Name: (e -
Files of Type: i‘fldw Files iv‘

| : Table view of track data will appear here.

A 2.6 neNawane Folder dwisuidanlnainlafdasnisimsi

(@) dodenlndIAleNfoin1sIATIERRaILUIINGMINANAININA 2.7 Fanmid 2.7

Y ! a ¢ A a v
QgLﬂum'J@EJ']Qﬂ']i'lLﬂi']BWﬂqﬁLﬂa@ucﬂﬂl'&NQﬂ‘Uﬂalm

¥ Tracker - m] x

File Edit Video Track Coordinate System View Help

S &% B Y | ¥ceawe 7 B Qo | th | TS AR | A E| A
mamory in wise: J0ME of 2478

e -

;’luwofbackdaawaope;hme

| -

T

UUBAINTTH

YLLEER

A able view of track data wil appear her

HIRIEII T

; [set or review viden clp setngs]

{— a4 1n 2

157.(100% N »

Fe

| 20200005 _111450.mp |

= a ¢ :4' = v
AN 2.7 1132 m'i'lzwmﬂﬂaaummgnuaa‘lu
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INAMT 2.7 AzuansadiulsEnauusa’ osflerie 4 vaelusunsy Tracker liun
duiiduyunesidlevdn dedudazuansnindrevesiflefiinsmusosnaindouivesing
Tngaetousg Auvu video view Insazuanininidlediud sunvadlald amisania
mandeuivesing (track) lnensaduedeammnsuazanunsoudlaléd video view 1 Tudau
vosunTluazILND T U ILan AT LFINa1NNNS track JutsmT I LAzLANS
Adudnaunisifuuimasig 4 Mierdestuniaedoufivesing uenanddafuny

£

wseafiendndusedlddasngegiuuudinini 2.8 uasiuaveIuNeIaNAInIng 2.9

& Tracker

File Edit Video Track Coordinate System View Help

= B 20 | B "w- || #create 5o B | Quatw | 0 ol [Ty o, A A | A A

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

AN 2.8 LOULATENHDATUUUYNNDINEN

wouidesiiefuuuanning 2.8 Ussnoulufeusing q muvaneian fil

(1) Wa (open) dmdudalidimensindeuiivosingvidelndifosnisas tracker
(2) Tudin (save) dwduduiinlnainletaqiud tracker

(3) Open the OSP Digital Library Browser

(4) Export a ZIP resource for the OSP Digital Library Browser

(5) RernaUTRledmSUTasTifasns track (video clip setting / frame setting)
(6) WUIn (Tape Measure) LaAILAZIDULNUIN

(7) wnu (Axes) WARILALYRULNUDNNDY

(8) Create fi® N3350 track so8lnyl

(9) Track Control fatudniunluANNITANNTEY

(10) Auto tracker AaUudmTuLanvisegeu

(11) Zoom fedudmsugevisevengaiuinle

(12) Trail Ao Yuuanisossesnisindeudivesing

(13) Labels Ao Yaedosmneliuansuazdouniomne

(14) Path Yudmivlduanadumevideteudunanisindeud

(15) Positions Usdmsunanavzotousiimiaveianveeig

(16) Velocities Ao Yudmsuldlunisuanwiodounnmasmiuiivesynina
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(17) Accelerations g Yudmiulduanavisetauinineasaninuiavedgnuds
(18) B (Stretch) ¥inn1sBaLINIABAY 9

(19) warans (Dynamics) ¥NsAMNNBSNSIAROUNMIYNIG

set or review video clip settings |

44

6 7

.
8 9

000 |100% T H
SRR

1 2 3

AN 2.9 LAULATAIHDATUANYUNDIVEN

[

uauiaIesiiosuansnnmd 2.9 Useneulusetusng 9 auvsneiay il
(1) dduwisu s duveansuvaeiingridunioud

(2) AweIAlenduT Track

(3) YJussrnlvoglumumisFusiila (Reset to step zero)

(4) JuauInle

(5) waudousy (Drag slider to scan the video)

(6) YuAeudoundu (step back)

(7) Srunussuiivedeundundwseludtanii (Step size)

(8) ijmﬁauiﬂei’hwﬁw (step forward)

(9) 1@uaug (Looping)

(5) nsseAnaUIilefidesnns Track Wiedalvdaauiiletunlulsunsy TWsunsy
AzSmdun sy 000 waue Smnllfesnts track wlsudRUR 000 @u1sRIR T
muiifesmsldlagludentuimuninisy (mneey 1) wUsINgmseimuamsy (MineLaY 2)
wansegaian g 2.10 9anami 2.10 Tudruveanisimualsy (clip setting) tuanunse
osuneiAetoyaiiarldldsed

(5.1) Start frame and End frame Ao WlsuiEuAuLAzIsIARTETazlATIZY 150
track

(5.2) Stepsize Ao nsAouUSIFUMTY dmumsinziusaradiasiinsasu
wlsumuiifsue 1wy andaegaluguil 2.10 snidouddunseas 2 Sudulieseiinisy
71 91 ddusialufie 93, 95, ...103 audRy

3

(5.3) Start time A® NNSANAUAIAWSUAUNLYILATIY
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(5.0) Frame rate fip 93 U310IA BN MIATIEY Fernsnuvaalusunsude 30 fps
(5.5) Frame dt (s) fio n1smvuaAIszazitsvesnatideuliufay step size 1au
TusegnanInd 2.10 a1 1 wsuagleiian 0.0033 3w fetudiadin1sildsusuiazans

%1917871390u 2 x 0.0033 = 0.0066 U

® Tracker 1

File Edit Video mwminmsm View Help 2

= 5 Eﬂ|='@'4,_ * Create v B¢ | Qaru | ™ % A
¥ Now available: version <!DOCTYPE HTML PUBLIC “-#IETF/DTD HT ML 2.04/EN"><hiiil><head><titie>301 Mo

Clip Settings

Frames
Start frame: |91
Step size |2
Endframe(108 | ||
Frame Times i
Start time:|0.000s | |f
Frame ra‘;e:iBD 01/s |
Frame dt/0.033s | ||

calibrate the video using a calibration tool I
& [ _ {— ;
= 103 [100% E M T X 49 2 » = !

a~

1 v 1
AN 2.10 N15AIANAAUIRLaNABINS Track

(6) NIIAAUAANENIDNDY FININT 2.11

# Tracker = n} x

File Edit Video Track Coordinate System View Help
SH &9 B L ke m B Qan| NG AA AL A
v fﬂibrldonwok step 1: |Mlﬂ’IEf50;n_| Inghlimlﬂll,"r:ré.{"": memary in use: 45M8 of 24TMB

Yae5EYAY

:l ke Plot | < m.ﬂlv. -
K REEATEIEY
Y29AUEYTD

o o
NNINULNU X

5 0 5 10
Y a t(s)
anFIRNgey
m | O massAlY &
o0t oo = W » 9 R _te | x(m) | yim |
20200305_111416 mpd

2A 2.11 NISATAUARIAINNENIB19DY
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Aeun1snsginIsndsunvesinguu sududesimunninuededaiieldly

N5inseee lnelsuanden tack > tape > visible FeazUsngdnanuaignasiivinedul&iu

Ao o 4 o

WioUYRITTUANAVAINYTT TRDAANAYSnwal ¥ T dnawdeniiiagnasaule

o

Frumilsasdunismugnasliingu 0 1n q fuuwiunusedu (0 dmdusumisognasi
annsadeuldlanisnagnasudiainlunslusumisidesnisinainueny mndesnissey
AmnugMAansaasuldives scaled length Tnsszymineidunng mndesnisiasuvie
fmunnslldfives angle from x-axis Inogufiudsuvdeldlutuasifingifussaniioud

WUITEAU (UIBNU X)

a 1

(1) msivuaunuiidauazganide neuszinisiasisinnasadaudndusgieds

' [
= o f v v = Y

7122A090N150199 99N UIVDITRONAZVININITILATIEN AIUUTIADIVIINISAIINUANNA LAY

o a 03 v dy =~ . .. A i v v [ | g
ANNUARNINTUADUAIU LA DA tracks > axis > visible n3DNAY N NWU - | 1NUU

IZUIINYHAUAIRIN FININA 2.12 Ap LdudF lnadunssluiuivoussiiduinduniady

2

1<

Fadudydnwaluanlimsuinduwny +X 611U click id@onusnunidunsniunsogadn

Y99 dUnI9zUTINgJUA A suldn 9 Tunnd sazviliarnnsadreunuludasumng

v

Pdesnslilugaiiia fdunmi 2.12

% Tracker = m] X

File Edit Video Track Coordinate System View Help
S B S % B W | Kcreae = B | Qar | oo |\ 0 A A| 4 4|

¥ — axes [ | Grid = origin pixel positi.. [3734 | [284.4 | igle from herizon{ 00| memory in use: 46MB of 247TMB
0 -

! R (TSR =

)

Yaduinavanlinsruinduwnu +X

T
sUfvRguliananyndaLN pointer !,

wWaesuanguanasiduguiie .

-I |'|

| il
|- o001 |100% Hn rf——— a1 =

20200305 111416.mpd |

AN 2.12 A1SESILNUB19DY
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) o

(8) n1sryMuntvesing dmsunisinseinisadouivesingvsenis tracker Wy

Junisfinsandiuniasing q vaeiingedoun Auiudadesinisssumuniduusagingy

o ¢ % Create <

Y9310g N13zYmunddlinalunddydnval ntuden Point Mass #aiduns

o

v A

finsaningiduiabiduge dennd 2.13 wazusingyu Mass A lnafiwauiaiasdoassiives

9

Tissuaainieduilansy dannwil 2.14

& Tracker - | x

File Edit Video Track Coordinate System View Help

= Q|E§ Nl H Oy Jrﬁ| ¥ Create Eﬁ'|Clzm|;“ U1Q|\-\ o, A fé‘i.ﬂnl A S
v . ﬁm’ memary in use: 40MB of 247TMB

u Center of ﬁﬂass || k “

Vector
Vector Sum

Line Profile
RGB Region

Kinematic Model
Dynamic Model P

AW 2.13 MIAF9IERAINING

File Edit Video Track Coordinate System View Help
E K| & % | B W || ¥create 5 B | Qan | ™o | SN o A A Z A4 A4
¥ ¢ massA Il'l] 1.000 kg

Track Control X

memary in use: 43MB of 247MB
t Plot! < mannb o

| mass A (t, x)

E

© mass A

1 1 < at (2
Yasszynaa viaelu Alandu

x(m)
o

0
t(s)

_<> massAJ:j &

Table

mass A selected (set mass on toolbar, shift-click to mark)|+ t(s) I
il

- 001 [100% M » O

20200305_111416.mp4 _|

x(m) y (m)

= a o
AN 2.14 NIILNUANUINVDIING
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Tumsseyiumisesingannsaiownuildssyiitauazgnasszyruenesnieuldlagns
ﬂmﬂummﬁjué'ﬂﬂ%q ﬂy’jﬁtﬁammazmﬂﬁuaqmiﬂmzqﬁ%mm dwsunisivuaniesey
punuavesTngilalaunadd shift Aeldnsesunusvesing dunalaain point
wdsudusudmauifiedomune + nssnans Wenadendumiusnuds Sngazideuly
ogsunislvilulsudalulaedalusfuazazusngaail elvarnsaiuuuinisiad oud
vosignaonnIsnAsTyYsuLs uenninissrysunsazuansralusUuuuroins g
wandlvisiuogniswnile dsnnd 2.15 namdudiogansifiuanseuduiusvessyos

Tukwaunu y (m) Autaan t (s)

-

_File Edit Video Track Coordinate System View Help ﬂi'W\|LLEIﬂﬂﬂ?ﬁua’uﬁuﬁ‘a’mmiisqﬁﬁLwnjq
EQ = 2 E"E"’-L— # Create F= [
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2.3 wuudanm COPUS

LUUFN® The Classroom Observation Protocol for Undergraduate STEM (COPUS)
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vosiniFsuuaragasulud uivurardaniaioud uuvdunaigninunldluduie
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AINN 2.19 ‘U’i"l&lﬂﬂ”l'il,iﬂug ’56]8213‘1]’eNﬂ”li%ﬂ%’ﬂﬂ‘dﬂ\iﬂ?’]NgﬂlﬂiUTﬂﬂ’Jﬁﬁﬂﬁ o

finn: fauUasan Nation Learning Laboratories, Bethel, Maine, U.S.A. (1969)

Mnamdl 2.19 Wudnuazvesnisifeuduuuiig 9 Jeeglugunuuiisendn 5ia
nsi3ous Tasazuansdoyaiienfudnuurveanisiious dnvariduuuy Passive - Active
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UnuIMveIAULetegiudnenIw Fan1siouidienisasleufiRasaieniezldiAn
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JaouRovasatuauu dualunionszdu nfoussoruisaiiuazainliuniniiou
FaazdamaliniudvesdniFoulinaaiuaany Fad1na199491 “Teach less, Learn

more” viaARUNBLLTEUININ (AN NS, 2552)

2.5 maUszdfiuanudnandimnanisdeuaie (Normalized gain)

Normalized gain g un1suszidunanisiious A7 normalized 11310 AA WA
mameuduidnd muneda neiliilentannandululdivia q fu Feimduldldgean
gy 1 38msuszdiviiandulae Richard R. Hake tnildnduma University of Indiana
(Hake, 1998) douldfusinlunauisefdnd@nun (eidns selvy uazame, 2550)
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<g>= (Y post —test) — (Yo pre —test) (2.3)
(100) — (% pre — test)
Tned <g> Ao A1 Normalized gain

& | a ' a I3 ¢ & &%
%pre-test v ANLAAYYBIATIULADUADUSBUITWUDSIUA
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“MUYE ANNIZUNSUALTABUNINDULS I ULAL NS AT B UVINT
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N3EUIUNITINNITTOUS UNISEUNGUAIE1RTNNARBUNALTEY (Post-test) MELUUNAZDY
adulAeIiuN1TNAaeUNBUTEY YRIIINNITNAFBUNRUSEU (Post-test) Hruly 14 Ju
uiegRzgNNAGRUNALTEUBNAT I INAN SNAFRUTILANTIATIZANAINY

FTunoUYRINIBNUTIUTINToYaansoasUldRwm5ed 3.7

A1931991 3.7 VUABUNITNUTIVTINTBYA

WHUN1sIAN5TEUS Fa4 e (W)
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1 mapdeuiivuulnsianing 200
2 nHNITEUSNENA LN 150
NAADUNSUIEU (Post -test) 1 40
NAADUNAUTEU (Post -test) 2 40
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3.6.1 MTIATIEINaTRATal
{ifeihdeyailiannnmeasiwazaniernquimamaada liun dede
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3.6.2 msaaszianudilalunulfnvestinizau
{AduiindoyailiuniinszinaniAledsresnzuuuaINNITYIILUUNAGD Y
fowFsunasndaiou drudsauunnigiu uasiuioudfisuazuunisnisiou neldada
WUU t - test dependent
3.6.3 MSAATITHANUAIUEININISISEU
A3d83LA1EMAUA1InEIN 0S8y 1ngn1511AT Normalized gain <g>
LﬁaﬂizLﬁumamiﬁauiﬁﬁmﬁu Tngldnguuuannuagey Pretest wag Posttest #935n15911AN
Normalized gain ﬁ?uﬁmizmmﬂé’mwmwuawamil,%‘auifﬁl,ﬁm%uﬁﬂ (Actual gain) sioka
madeuigeaeiilomaifisuld (Maximum possible gain) feaunsluund 2
3.6.4 MyAsvngAnssulutuSey
W SolnzingAnssulutuiou Tnenismdanuivazansesazveanginssu
ﬁﬂiwﬂg%uiuszmw%’mmﬁﬁaumsaamﬁaaﬁﬂiwmaﬁlﬁmmsaaﬂLLUULqumﬁﬂmiﬁauif

aa o a Yoo A v a A
LLAEI0NITIANITILIYUNITADU I@ﬂi%ﬁﬁﬂqiuagamﬂqiﬂ‘l@LGU‘EJUVL}J:IUUVW] 2
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HaN13ATIzdayaLazaiuTIeNa

n15338lunsedf3deldeanuuu afwasauidegunsalnisnaaeaoundseasd
dnfumsysannstudanIsSeuTEnkuY ILD ee Maadauiuuulnsianing uag ngnns

ausnEnawIung W oWmuialalukuiAnveslniieu SIuNIfn¥INIsLandoen

vaangAnssudnissulazaiiaeuluvasinnsifeud d3duladinnevideyauaziiiaue

Yy
v v

HANTIATIE VB ARLETUAS

(54 L4

4.1 WAN13INAINTTUATSITEUFUUU ILD 1309 Msiafauinuulnsaning wazngniseysng

WAIUNA
N157ATIENYRY AN 8AN¥IAMULANA19TENINNATRULIAA ENBUTEULAT VA UT B

Y o a a o o A
W’JEJﬂ']T‘U@ﬂ"ﬂﬂsiﬂﬂqiLiﬁJuzLL‘U‘U ILD bh@nINamian1s e 4.1

AN5199 4.1 WUSEUIBUATLUUAMUYNTANINISISEY 1589 NISAAUNRUUINSLANINE

Az NYNITOUSNENAINIUNG NBUSBULALNAYTEY AIEN1TTANTITEUS

IWUU ILD
NAAZWUY | TUIUUNTEU ANEnR
(Aw) Aadey (%) ﬁi'u,ﬁmwummgﬂu (SD) t
ARSI 40 5.33 1.80 30.84*
PN 40 13.43 2.63

*1.05 = 1.68, df =39

- v A ° ~'v oy oo
INATINTN 4.1 0191nALLULYBITNIToUTIUIN 40 AU 7T LAvUUUNAdeY
Y 0 a o D~ < o a < & A =
TaanudlalunwiAnduiu 18 de feazuuuiithindinnginatuluaziuunfenousey
WAZVEASEU HANTIATIBRUTINYIIATLULRGENEASEY (X = 13.43) aandiAziuuadnou

138U (X = 5.33) LagNan15ATIERA t — test dependent WudANVNAU 30.84 FU1NAIN
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Aasulni1n159nRanssuNISS8us

9 Y

A1t INGA NAAVIIAY 1.68 MNNANITILATIZININE

i
WUU ILD 1509 MstAdeuiikuulnsianing uaz ngniseusnundsuna dwalvinziuuiaie

naussuaandiaziuuad gnsusgud wana e un1saideg el duddgy i seau .05

[V VR
v a A

wansliistuinineuiinnudamndlalunnandesdieuiutu fiiidesanisnisaeu
wuu ILD iunsaeuuuudgniiviavlandinsiFsudeisuuulniviessis (Mazzolini
and Daniel, 2015) {Ualenalviniseuddiusiulunszuiunsisgusiiunisdans viung
a3 eAUTIBUATATINABUNAENS (Sokoloff and Thornton, 2004) Faviedinsldmalulad
wazlusunsudnsagy Tracker indansiFeus dadudsiivvanlvidmivnsiouvesiniFou
dwalidniSeuauniunisifeuiuazidnlaumieu (Hutem and Kerdmee, 2017) Uay

PrenmuIANUllulAnYesnSeu (Tanahoung and et al., 2009)

4.2 AMUAIMUINNNNITLIIUVDILNLIIY
H3381935M1e1 average normalized gain, <g> @1m15UNTUTEIUAINAINTININT
BourestniFeu Inefansananuanisdeusifinduass (actual sain) MadenanaiFous
geaafiilomadululd (maximum possible gain) 4§33 1A\TouIssAuInLALaNNTT
Tun1371A1 average normalized gain 13luuni 2 9ndushnaiildunussufisussdu
AnufamimsnnsSeuneasdazisseduvesan nomalized gain senidunguld 3 sydu
R
(1) High gain (H) sefuas nansSeuiniulugie 0.7 < <g> < 1
(2) Medium sain (M) sefunans  wan1siSewfintulugie 0.3 < <g> <07
(3) Low gain (L) SEeUs nansSeuindulutie 00 < <g> <03
dmumsisinaieiuauiamimansiseuti Qﬁﬁaazimiwﬁﬁgﬂwm 4 nsel
o 1) SinnsianudlalunwiAavesinissutetu 2) inseiaudilelunuain
vaadniSeus1gyana 3) TinsigrianudilaluiuiAnvesteasusiedes waz 4) iAs1EN
anuinlalunnansonsSeuluusdaziide Tnoavinssiaudsusd
4.2.1 SnszdarnudileluunfnveninG ety fansananaruuued sve ey
AeuiFsunazudaieu iegWauinisvesnsdaiounisaeulnenmsIn nan15iiAIEn

LANIRIAITIN 4.2
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A15197 4.2 wan1saas1zviat lalunufnvesinisaunssulagleis average

normalized gain, <g>

%o %Pre - %Post - %Actual | %Possible Avs.
test test gain gain Normalized
gain
nsAdeUTLUY 29.58 74.58 45.00 70.42 0.64
Tnsianlvduazng
NFRUINYNANUNG
39U 29.58 74.58 45.00 70.42 0.64

~ = a & v A &3 a | a

PNANSMN 4.2 WWUMTIHATILRA LAY lY AT LULLRAENIT UL BUINNNNSEBUNDULS 8L
LATNA LS gUVDIU NS 8 U L aUTELIULA 87N UANULY LR TULUIAA T 998NINTUIRN
AU 1IUEIN19N55 o Laelg35n1511A1 average normalized gain, <g> HATLASIEN
U31n4)371 APUAIMLINNINITTEUREEV0ITWT8Y ALY 0.64 Nu8ANNIT UNiSEY
:J’ :J’ a ¥ v a sud' Q' dg” a a [~ % Y & 1 1 v}
Meruiiauiviivenisiseusniiuduaseiailusosas 64 uandliviudl neunsinnis
a %4 o a :'J’ :'J’ a ¥ o % 14 a r-:ll
Seusiuy ILD dnissunstuissulanzuuuainnisiwuunegeuinanudilalunifaiade
nadudades WeadniFeulasunisdanisisousuuy ILD wdwhidniSoudanuiwas
AU AU UIAARNT Y AN TN S UNITULS B UANNNTOVINAL UL LARNT WA NS UNISYIN
LUUNAADUNAIS U LLaZa1NNIFILATIZRANAZLULLIRASYIT NS o UNITULaRS LU TNIS ey
fanuinamtmienisiseusagluseau Medium gain

a I ¥ v £ a < ] al )

4.2.2 JinsrgviannuimiivesnnudilalusuAnduseyaraaininissudiuiu

40 AU 1AYNISILATILAL T AL LUUT LHAINAITYLUUNAADUNDULS SULAE NS U FI92 1Y
78N1511A7 average normalized gain, <g> $IYUARA NAIINNITILATIENVBLALAAIAININ

4.1

=b.
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Gain vs Pretest
100.00

90.00
<g> = 0.64
80.00

70.00

60.00

High Gain

.

50.00

% < Gain>

.,
v,

W00 | e e T,
30.00 ‘"'"--... .......
Medium Gain T~
....
W0 [ M et
lowGain e TN,

woo | e S
0.00

0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00

%Pretest

AT 4.1 nSINANNFUNUS N9 % pretest NU % gain VosUnFaUNlASU

Y a b4
NM13IANTILIYUILUUU ILD

1A NT 4.1 LﬂumwmaquWﬁLLammmé’mﬁuﬁ‘iwd’mmaﬂ'm%ui:
AT uduase (Wuawny Y) n30 Actual gain (%<Gain>) FUALLUUABULS B U
(%Pretest) unu X voeWniTeusigyuana lnea1 Normalized gain vasdnisoy
a5 dnTd1uresnan1Tisuifiinduaie %<Gain> Wsufunanisiieud
Aflenrafiuduld (100% - %Pretest) @ nsuidunsiniidwdulss de nswi
LAAINITHUITI9903958FUAY Normalized gain @runsnivduiduiiv fe 1dunsnd
La@neAn average normalized gain TuL3Eu a"m%’umamﬁmiwﬁﬁﬁjayjaiuﬂ%gﬁzwud’]
UniSeuilnun1IidivnienIsiseuesy 2 s¥AU A 1) S¥AU High gain azfldniFeui
fauiandiegluseduisiuau 15 au Aadufosas 37.5 uaz 2) s¢dU Medium
gain 91U 25 au Andusesay 62.5 andeyadanauansliviuvindnisoudiulug
faumantmaseuagluseau Medium gain
4.2.3 JiasganunutivesanudilalunuiAndusieds lnen1s3msnev
%ﬁmmqmmﬁ”]muﬁfﬂL‘%HuﬁmaugﬂLﬁw‘ﬁyu%a%'aaauﬁlmwiaz%’a %Q%@@gjﬁﬁ]ﬂﬁﬁ]ﬂﬂﬂ’ﬁﬁ’]

WUUVAARUNDUISE LAY NAUTIUYDIINITEU NAN1TIATIZTOLARARIAINITIN 4.3
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sﬂ'aﬁ %Pre - test | %Post - test | %Actual gain | %Possible gain Avg.
Normalized gain
maadeuiinuulnsaning
1 10.00 72.50 62.50 90.00 0.69 (M)
2 60.00 100.00 40.00 40.00 1.00 (H)
3 7.50 100.00 92.50 92.50 1.00 (H)
4 77.50 90.00 12.50 22.50 0.56 (M)
5 40.00 87.50 47.50 60.00 0.79 (H)
6 60.00 82.50 22.50 40.00 0.56 (M)
7 10.00 67.50 57.50 90.00 0.64 (M)
8 15.00 57.50 42.50 85.00 0.50 (M)
9 0.00 52.50 52.50 100.00 0.53 (M)
ngN1TaYSNYNALUNG
10 5.00 57.50 52.50 95.00 0.55 (M)
11 25.00 72.50 47.50 75.00 0.63 (M)
12 25.00 72.50 47.50 75.00 0.63 (M)
13 7.50 85.00 77.50 92.50 0.84 (H)
14 32.50 62.50 30.00 67.50 0.44 (M)
15 40.00 65.00 25.00 60.00 0.42 (M)
16 52.50 82.50 30.00 47.50 0.63 (M)
17 15.00 62.50 47.50 85.00 0.56 (M)
18 50.00 72.50 22.50 50.00 0.45 (M)

AINA15199 4.3 1 0UnN153AT12RANLANININY9N1TYINY e U180 NN

'
a

Y] | = va a X a . = Y] = v
ﬁ]’]ﬂ@miqaﬁumaﬂmaﬂqiLiﬂuzwLW@J?JU"\]?Q %<Gain> LWUUﬂUNaﬂWiLﬁUUEWNI@ﬂWa

LAUT UL (100% - %Pretest) SEAUVDIAINNAIINLN FauUspontdu 3 52AU Ao 52U

High gain (H) Medium gain (M) k&g Low gain (L) 29nN153LATI#VNUI1 8NTINITABUYN

a9unssulun1sviNTeaauluLA ALY A LT OLAAIDIAINNMINLIVDIAIULTN LA lULUIAR

Tulsasdaii 17y NaveINI13ILATIENToYaNAINo UYL N suAINTOLY ITEAY
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Auintsedessndu 2 seiu fie 1) anudiimtiiegluszdu High cain &I 4 9o ldun

v

Tall 2, 3, 5 wag 13 Fetegaundanuniminuiniianfeten 2 uag 3 dAiAnun1iviieie
Y A Y o LY Xz o = LY ¥ a =
<g> Wifiu 1.00 v3esesar 100 dwsuteasuililumaunedrnuaudilavedwuifnios
nsedeudinuulnsianing dudeaeu 2 Todwnanaziludemaiundsuamieriudnae
VYBUAUNINITLATBUTNVBIING YHIIINNITIANITIIUTWUY ILD Kad dniSeuynaAuaIunse
nauA1nNvetdeaauie 2 Taldgn vsililesandniFeuldadieufuAnanssunisveass
AIEAued insagurakazafusgngusuiudwalminanudilaninsaiu 2) anuinme
5£AU Medium gain &l 14 U8 launved 1,4, 6,7, 8,9, 10, 11, 12, 14, 15, 16, 17 uag 18

= %

fofifianuframianiigalussduiae 4ol 1 farudnuiieds <g Wity 0.69 ude
Yowar 69 Fadudeauiinnuiivafuszeznisanvesing uazlufidoasudolalasd
AuAIneglusedu Low gain

4.2.4 Amgienufnmihveusasunfniueen Tasn1siiesgituagiarsunain
SuauthiFouiineugnifinturesdeasuluuazufnsusen dwiunsinsegindsiasi
Teyailianuavesnisiianzideasusedonanisnd 4.3 mdanguuuAnsiveendy
2 ngu A naudl 1 uwIAnTIven e Maedeuiiuuulnsianing deaeuiithanfiansan
fid1udu 9 70 Ao Tofl 1 - 9 uaznguil 2 wunARTIULeN 1309 ngNITEYSNYNSIUNA

v A o a A o Y A v A a ¢ ) ej'
YDFADUNUIUININTUINUIIUIU 9 UD AD VBN 10 — 18 WANIFILATIELNLAAININITIN 4.4

A15199 4.4 NANISIATIZUAIUAIIMUNIVDILABLLUIANTIVL DA

WUIAA STAUAMUNAIINGN 2o
mspdeufinuuInganing | High sain 2,3 uas 5
Medium gain 1,4,6,7, 8 uaz 9
Low gain -
NNMITBUSNYNANUNG High gain 13
Medium gain 10, 11, 12, 14, 15, 16, 17
uay 18
Low gain -

AINATSNA 4.4 NUIT WAL 8UTAINUNIINUIVIAINNLL AL ULUIANTIVEDA
1 I~3 1 = a d‘ 4‘ d‘ € U v v
wlganidu 2 Ny Ao 1) wiiAnsIuen 5a9 NMsadeunkuulnsianing dseduaanunmi

8¢ 2 SeAU AD S¥AU High gain laundeaeute? 2, 3 way 5 uarseau Medium gain laun



59

19 1,4,6,7,8 uay 9 uaz 2) mwinmiivesmandilaluluidnsiveen 13es ngnis
oudnEndsnuna 1 2 seduiuieadu A sedU High ain ldundeaeudef 13 wazsedu
Medium gain taunds 10, 11, 12, 14, 15, 16, 17 way 18 wuinlifianunnniivesdsgou
ﬁ'aau'iuﬁzé’u Low gain 74 2 WuAAA WBNIINHANISILATIERALAINT LR B5ILV0 S

719 2 WUIAR WAAIHIAISIN 4.5

AN5199 4.5 WANI5AATIZHAIUAIINTINIUSIULRALTIENIVD

YOI %Pre - %Post - | %Actual | %Possible Avg.
test test gain gain Normalized
gain
nsindeuiinuy 31.11 78.89 47.78 68.89 0.69
Tnsianlng
ngNIToUSNENSIUNG 28.06 70.28 42.22 71.94 0.59

NA15797 4.5 wandliiiudndnissuimnudilalunwifn 1309 nsiedoud
WUUINSANINE waaseu (%Post - test) @9n31NBUSEY (%Pre - test) Anilusosaz 78.89 uay
31.11 auaau danun1ntivesanudilaluluife <g> Windu 0.69 wazdlanutla
TunwiAmizes ngnisoydndndsanuna ndasouganiinewSeuduiu Anduiovas 70.28
way 28.06 Mua1AU dANA1IRTI99IAIT TaluluIAn <g> 1WAY 0.59 91T
Fanadeudiuy ILD luadsiteliinGeudenudmiveserudlaluwniat 2 wida
agj‘ﬁlizﬁu Medium gain

PNHANITIATIERRILA I BSsuvesinidey WUt ndanfitniSeuldsu
mMsdansBeuduvy ILD dhsudmnudlaluinAniFos msedeuiiuuulnsianing uas
Fesngniseusntndsnuna i tnEeuwsazauansaneumauluuuegeulagnees
wnnneulasunsInnIsISeusUUL ILD FlvdeufnimeSeureusazuuafniiudy

danalvifindnudmiimasouvesdusouag M seau Medium gain Meiliioannguiuy

Y

~ v

A3deihunlHduiBnisaowdgnildsunisesnuwuuun

Y

YBININTIUNITIANSSEUTUUU ILD
d‘ Y a Y a a a & 1 al 1 LY a
WeusuUusansiTeusidauuiAalunisussenenial@ndsrunisiaiusnvesdnis oy
lunszuaunmsiieus Wniseulddunanisasan1eildndass dnsviueifeidunadns
wazsruadUsedumauluTussu sanludadinSsulsnsirasuNadnsvaInIsaIsAnsan1s

naassnldlusunsui @arunsonansnanonundunsin (Sokoloff and Thomton, 2004:
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Mazzolini and et al,, 2011) Fauansnaainisnisaeunuudais vliraulandinisFeu
wuuUn@ (Mazzolini and Daniel, 2015) Asgatindeulienuaulafuusingnisailudanniy
(Tanahoung and et al., 2009) uag¥ieduaiunIssousluwuiAalaag19dussdnsnin
(Godoy, Benegas and Pendiella, 2012) 'ﬁ’mﬁgamsﬂﬁﬁ’ﬁﬁaﬂiiuéf’;ammawaaﬁﬂSau Vil
NS eulaldinyeNTEUIUNITNIING AN TANITOAIUALAUBIA UM EULAZLSEUS A

ANULTRINNTIN15Y0937 (Robinson, 2007; Shyr and Hsu, 2010)

4.3 anujnmuvastinEeunseulagldnisinnanssunisieuiuuu ILD
NaNTIATIEERNSAmUlagUSsuTisuNan I SUAgeUnd IS B T ol BuES AT uTiuNE

[ a < v [y [ A
ANTNAABDUNRIINLIYULATILGD 14 JU maﬂmﬂgmmiww 4.6

A15199 4.6 NAAZHUULRAYIINNISNAFIUAIYLUUNAFTIUIAAIULTIN LANIINIFESUUNUR

=

ABHULESAINUNATIUNAIIINNITTOULESINAED 14 U

NAAZLUY AU Adnn
UNLIYU X D ;
(Au)
VAR UNSISIUASIT 1 40 13.43 2.63 1.53%
naARUVSaSuASIT 2 40 13.63 2.38
*t05=1.68

Qn' &, a ¢ a . v o Y a
INA15197 4.6 LTUNITILATIEINANITLS S ULRAENNNITNAZBUNDILS IUATIN 1
(NAADUNSIDNNTHULAS IV UN)  LAZNITNAADUNTUSIUATIN 2 FILNAADUNSIANLS U
Wulunan 14 Ty udanhundisuisulngladaia t - test dependent AiszautivdIATy .05
wudden t ity 1.53 Feen t Alannagluyie t Ingd Fansadfeodinanzuuuainnig
nadaunaB3sunsaesndlidauuana1eiy daluaiuisoasulaan dniseudlasu
) a v a A a I3 o & W P
N59ANTTEUILUL ILD 1Foe nswmdeuiikuulnsianinduazngniseysnedndenuna day
A A o = ) a v ° Yo o = ¢
AINUYBIAINS LUTBTIEEY LTRea1nn1sdnnIsiSeusiuy ILD vilminiSeumiudsingnisel
MINEAMBIRIRAFaALaUlavestinGeuy (Tanahoung and et al., 2009) din1suLauaLaY
afuglaginiseunsauiumeiuigiiuananasiaeularandnluvieasgu (Moreno and

Mayer, 2000) Usgneufiumsiieusiidunagnsvesnisdnnisiseuiuuunsefiesedu (Active
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Learning) #nlN19138UTDIUNLI8UAAUTEENTAINUINAIINTABULUUUTTUNDYNLA 7
(Paulson, 1999) Fsdewaliiniseusianuamurasnug (Kvam, 2000; Freeman and et al,,

2014; Lucas and et al., 2013)

4.4 MFAATIENNGANTIUVRIUNSBULALATEFOU
lun1sdnnsiseusiu ILD Wemuaudilaluwida 15e9 nMsiadeuiiiuulnsian
Induazisesngniseusnendsnuna vaugdanisiseuaziinsduiinnginssuvetiniouas

VYo [ a v

astfaeulaglduuudann COPUS GafidelddanmmsdnnisBouidmom 2 au wafléainnis
Funavasdaunana 2 au dndinsginginssunisuanseanvestniSsunazagyaou
ANINInLARITIaTBEATeMmMnRnTILAg q il
4.4.1 wAnssuvastiniSeunazasaournzn1sinnsSouluidaizes nsedaud
wuulwsianing
mMsdanisBouiluiaden 1 1dunsdnfanssuninFouduuy ILD W osiaun
anuinlaluuundn 13ea maadeudivuulnsianing lngldnanlunsinnisiFous s
200 U1l RABATEEZLIAlUN1TIANITTEUS AL N1TTUANNGANTTUNITUAAIBENYDIAT

LATHNSYU FILARINARIAITIN 4.7

P [ 7] a Aﬂ' Y a Yo vy A
M990 4.7 Q']H’JHﬂ'i\‘i‘lJB\‘lWiW]ﬂ’i’iﬁJVlLLEWNE]E]ﬂﬁlﬁaﬂﬂ’]’iﬁ]ﬂﬂ']'iljﬂugﬁ'nl’e]L’i'e)\‘i

AstARauNLUUInsaning

Code wastiniGey | Sewazadnudves Code v@4A] $opazAUAvEY
WHANTIN(%B) WHANTIN (%B)

L 25 Lec 14

Ind 8 RtW 17

CG 43 FUp 50

wa 52 PQ 25

oG 31 cQ 0

AnQ 22 AnQ 35

SQ 34 MG 38

wc 27 101 25
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M19197 4.7 FIUIUATIVIINGANITTUNUEAIDBNAADANITIANISLTEUTAITD

1589 N1sAARuURLUUINSLINtNG (sa)

Code vastinGey | Sovazaubvas Code v@9A] $aeazANRveq
WHANTIU(%B) WHANTIU (%B)
Prd 22 b/wv 14
SP 14 Adm 2
TQ 2 w 14
w 8 O 0
@) 0

1NA5199 4.7 WDunsaasIeiNanIsdunailaannuuudans COPUS Fadunis
a 6 1 v dl 1 = o U ada U L dl
IATnATegazvaInNdluLsazNgAnTIY (%B) dmsuTsmsmeAazegluunil 2 naan

1 'y} a % a d' % o I~ 1 ¥ a d'

m1319nun dnieulauananginssunedtunisvinudunguaiglufanssy (WG) uiniian
a & v a Fa v A a °
Andusesay 52 voangfnssuiliiazaunsananioanuils sedamnfe n1seAUsIwaInIy
aelungy (CG) Seway 43 dniSuunaud1niy (SQ) Teuay 34 AINTIUNGUANBUNUNY
au 9 (0G) Feway 31 Hauswlunisedunenstusey (WC) Jegay 27 Wo1sdiaau (L)
Sp8ay 25 UNISHUABUAIDIUNAINTA LA TIAIANY (ANQ) KALAINNISALAEINTUNATNSVBINS
a15e (Prd) Seway 22 WniSeudnaus (SP) Sevaz 14 UniSsuwityn/Anduyana (Ind)
wartnisgundaesesasy (W) Segay 8 wardinisnaasunienauA1ayl (TQ) Seuay 2
PINEIAU AUNGANTINVDIATNRANIRDNUNINTA Fip N15AnATL/MsiidetauaugAgaiu

AU enaNIIUTITUSeu (FUp) Anduseras 50 sesaunde nsiadeudeluduisou

=

Wedinmshauresindsueswioiies (MG) $osay 38 msiluaznsnoumanutdnidoy
fatwdeu (AnQ) Seuaz 35 nsaunuiuuuiaseRtuyarandwieassauaulnelal
anuaulafudniindevestueu (1o1) waznisldmanufuinidey (PQ) Andusesas 25
nsilgunseaunseldlusinwasiuvaeasu (RtW) Sosay 17 N15U55818 (Lec) N15a150
videmsuansnimiadeuln (D/V) uaznsigasuselenadivsuiasiiufduiusfuliniFou
wiraeululduf o udy (W) fesay 14 nsueumnanenistunIouuunia (Adm)
Yovay 2 nuddy dmdunisdaniadeuiluaded Jaeulilduanmeinssunislddin

Clicker (CQ) wagngAnssudu 9 (0) dwiniseunlildlansmginssudu 9 (O) Wwulheaiu
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NTayaninanansalvinseinavesngAnssuiionaA1soeasuoIng inssy
uansoanlulsazngAnisy (%B,) WaligudungAnssuiavua 35115AIUINIAIIZILERS

AglUUNT 2 HAYBINTIATIAUAAIINING 4.2 Uagn1ni 4.3

W, 278 _TQ, 0.69
Ind, 278 |

SP, 4.86_

AnQ, 7.64

OG, 10.76

2l 4.2 SewazvawmginssutniBeuluiidases nsiadeuiinuulnsianing

90 4.2 wui dnidsulanmginssumaihanudunguseluianssy (WG)
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Abstract. This research aimed to design the simple apparatus to improve students’ conceptual
understanding in projectile motion. The projectile tube experiment was a simple apparatus that
consisted of a one-meter PVC tube, a 1200-watt hair dryer, a hard sheet of paper, and a ping
pong ball. The participants were 30 grade 10 students who were selected by non-random
sampling in the second semester of the academic year 2018. The research tools consisted of
learning lesson plans and a multiple-choice learning achievement test. The class activity was
conducted by using the Interactive Lecture Demonstrations (ILDs) method with Tracker Video
Analysis. The results showed that the experiment set worked perfectly and could be used for
learning the projectile concept. The students' achievement score was significantly increased at a
statistical level of .05 and the average of students’ normalized gain was in a medium gain regime.

1. Introduction

Projectile motion, the motion of a body in the air, is an important fundamental topic [1]. In daily life,
we can see the motion by playing sports such as basketball, volleyball, golf, and others. Understanding
projectile motion is necessary for students in middle schools, high schools, and universities. It is
therefore important that students have some knowledge of the mechanical characteristics of projectile
motion [1].

Recently, there were researches about the projectile motion apparatuses which were made for
demonstration and instruction including Increasing Student Engagement and Enthusiasm: The Projectile
Motion Crime Scene, Teaching Physics with Basketball, Easy Projectile-Motion Demonstrations, and
[2-4]. The aim of the instruction in the projectile motion is to minimize students' misconceptions and
portray the tangible aspect of the motion to students. Teaching methods can provide students with a
better understanding of physics content. Physics education researchers agree that the instructional
pattern considered to encourage students and correct misconceptions in physics is Interactive Lecture
Demonstrations (ILD) [5]. ILD instruction has three steps: 1) Predict the outcome of the demonstration.
Individually, and then with a partner, students explain to each other which of a set of possible outcomes
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is most likely to occur; 2) Experience the demonstration. Working in small groups, students conduct an
experiment, take a survey, or work with data to determine whether their initial beliefs were or were not
confirmed; 3) Reflect on the outcome. Students think about the reasons for their initial beliefs and in
what ways the demonstration confirmed or contradicted these beliefs [6].

From the previous researches, their apparatuses were limited to only one specific topic which could
not be adapted to other content in physics. In this research, the equipment is designed to be used in three
topics including kinematic energy and motion, projectile motion, and pressure. The design of the
equipment emphasizes the philosophy of physicists referenced from MPEX test in the cluster coherence
that determines physics as a holistic view [7]. However, the purpose of the study is to design the simple
apparatus for ILDs in order to improve students’ conceptual understanding in projectile motion.

2. Methodology

2.1. Participants

The participants in this research are tenth grade students in the second semester of the 2018 academic
year. The group of thirty students are registered in the Physics I course. The participants were selected
by non-random sampling from the mathematics-science program. The students in this program were
medium and high performing students of science knowledge — considered by their achievement. Every
student was originally resident in Bangkok.

2.2. Force concept inventory :( FCI)

The force concept inventory developed by Hestenes [8], is a multiple choice test which is designed to
monitor students’ understanding of conceptual field of force and related kinematics [9]. The researcher
selected 3 items from the FCI which related to projectile motion and adapted them into two-tier
questions. The first tier was five choices, and the second tier was the confidence level and supported
reasoning. The questions were given before and after the intervention.

2.3. ILDs scenarios

The researcher designed the experiment by using general materials that were cheap and accessible. The
materials were a half meter of transparent PVC tube, a ping-pong ball, and a 1200-watt hair dryer. The
questions were given before and after the activity which was conducted by Interactive Lecture
Demonstrations (ILDs). The activity was divided into two sub-activities.

2.3.1. The first sub-activity. Making a prediction from the situation; A ping-pong ball is loaded in the
PVC tube at position A in figure 1. Then, a 1200-watt hair dryer is used to blow the ping-pong ball
into position B. Students have to make a prediction about what the motion will be after the ping-pong
ball leaves the tube. Finally, students write the answer in the prediction sheet.

2.3.2. The second sub-activity. Hands-on experiment; Students set up the experiment and test the
experiment following the first sub-activity. In this activity, students need to record a video clip of the
projectile motion. Then, students write the result in the result sheet. The result in the first and second
activity needs to be compared using the Tracker program. Students report the comparison by drawing
and describing it in the result sheet. In addition, students need to answer 1) the velocity in various
positions after a ping-pong ball is released from the tube, 2) the velocity in X-axis and Y-axis, 3) The
amount of time for moving in both axes and 4) the result of the comparison of the horizontal velocity
and the vertical velocity by cooperating the Tracker program with calculation.
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position A position B

Figure 1. Setting up the experiment.

3. Results
The results were analyzed into two sections.

3.1. The result of students ' learning gain

The average score of students from pre-test and post-test was 35.55% and 77.77% respectively. The
result determined that the students' score increased significantly at the level of .05 by t = 7.64 (t.05 ,
29 =1.69). By analyzing with a normalized gain by Hake [10], the result confirmed that teaching with
ILDs improves students' learning gain in average gain (<g> = (.67). In addition, there was 56.67% in
high gain, 23.33 % in medium gain and 20% in low gain.

3.2. The result of students’ confidence level

From the FCI test students will be awarded points according to the confidence levels in the second tier
that are divided into three levels including lowest (one point), moderate (two points) and high (three
points). The researcher analyzed students' total scores from the first tier and the second tier by using
the Pearson Correlation Coefficient [11]. The study found the correlation coefficient for pre and post-
test equal to 0.52 and 0.96 respectively. The result showed students had a moderate level of confidence
and conceptual understanding before the class, however; the post-test score obtained from students
determined a high level of confidence and conceptual understanding from students.

4. Discussion
From the pre-test score, the result informed that the students had a misconception in the projectile motion

by analyzing students' answers. From question I - the researcher found 16.67% of students chose option
A because vertical (v,) and horizontal (v.) velocities were equal as figure 2 questions from FCI [8].
23.33% of students chose option C, because there was no vertical acceleration (a,) the first time the
object fell out. 16.67% of students answered option D because there was no horizontal velocity (vy)
when the object falls to the ground. 43.33% of students selected B which was the correct answer, yet;
there was no one that answered option E. Surprisingly, every student was able to give the correct answer
after the activity.
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Figure 2. Motion diagrams in the question from FCI [8] that were used in the study.

From question II the student’s answers for figure 2 were analyzed as follows: 20% of students chose
option A though there was only the horizontal velocity (vx), 20% of students answered option B though
the bowling ball had more mass which did not affect the horizontal velocity (v.), 40% of students
selected option C because the velocity in both axes were constant all the time. 20% of students picked
the right answer which is option D due to the projectile trajectory being curved by gravitational
acceleration vertically () that makes the velocity difference in both axes, there were no students that
chose option E. After the activity, the number of students that chose the right answer increased to
56.67%. From the given situation on question III for figure 3 questions from FCI [8]. The students
should choose the best answer for the problem and they must give reasons for their answer. The
researcher analyzed the students' reasons; 1) the weight of the ball did not affect the horizontal distance
2) The heavier ball falls to the floor and goes far from the base of the table. 3) The lighter ball falls to
the floor and goes far from the base of the table. Before doing the activity, the number of students that
answered correctly was 36.67% and after doing the activity, the students that answered correctly
increased to 76.67 %.

Two metal balls are the same size but one weighs twice as much as the other.

The balls roll off a horizontal table with the same speed. In this situation:

A. both balls hit the floor at approximately the same horizontal distance from
the base of the table.

B. the heavier ball hits the floor at about half the horizontal distance from the
base of the table than does the lighter ball.

C. the lighter ball hits the floor at about half the horizontal distance from the
base of the table than does the heavier ball.

D. the heavier ball hits the floor considerably closer to the base of the table than
the lighter ball, but not necessarily at half the horizontal distance.

E. the lighter ball hits the floor considerably closer to the base of the table than
the heavier ball, but not necessarily at half the horizonial distance.

Figure 3. A question from FCI [8] that was translated in Thai and used in the study.

From the analysis of the relationship between the student's confidence levels and mastery in the
content of projectile motion was at a moderate level. After being taught by ILDs with simple apparatus
cooperated with the Tracker program, the confidence levels and mastery in the content were raised to a
high level. The result confirmed that teaching IL.Ds with simple apparatus cooperated with the Tracker
program visualized the overview of the projectile motion and other components and the IL.Ds as a source
of real experimental data can be used to prompt new understanding of physics concepts, students have
to discuss and communicate in small groups or with their nearest neighbors [12,13]. In addition, the
activity encouraged students to construct knowledge and to raise the level of confidence.
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