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of Motion Concept

Author Mr.Supachoke Puttisanwimon

Major Program  Physics
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ABSTRACT

This research aims to develop a Just-in-Time Teaching (JiTT) approach
integrated into physics lecture classes to promote freshmen understanding on the
Newton’s 1™ and 2™ laws of motion and to evaluate the approach using the model
analysis technique. JiTT is one of active learning instructional methods in Physics
Education Research (PER) composing of the web-based questions, and the classroom
activities based on learners’ prior knowledge. This research studied the use of JiTT in
physics lecture of the 567 freshmen of faculty of Science (24% male), Prince of
Songkla University in academic year 2013. The pre- and post-tests were based on the

well-known research-based multiple choice test of the Force and Motion Conceptual
Evaluation (FMCE). Results revealed that the post-test mean score (10.60£4.68) was
greater than the pre-test mean score (8.5613.40), proved by the paired samples

t-test at 0.05 significant level. The average normalized gain improvement (<g>i 0'<g>)

of the Newton 1% and 2™ laws of motion was 0.0420.01. It was classified as the low
learning gain. The students’ mental models of this concept were estimated via the
model analysis technique based on the matrix mechanics of quantum physics.
It exposed that after the instruction, there was a greater number of students who
applied the correct model; and the same number of students, who applied the
incorrect model. However, the model state shift of students was small and entire
models were in the incorrect model region. It indicates that more interactive
instructional materials and activities are still needed in the JiTT approach which
mixed in large physics lecture classes to enhance students understanding and

achieving a greater learning gain.
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way David Sokoloff @auuuUsetiuiidnuwastduminIuwuy 5-7 stdan 31u7u 47 99 lag

[
A

mdenmaradisunannguatnevdiulugvesfisauainnisldaainiiludaiuwuy

Y
[% '

Uanewla 8nns FMCE dadisiuden j dwsunsdiigneuAnitliddudenlanssiunnuiesdn
TngyalUaglaianuseunas 30 w19tun1s¥in FMCE  (Thornton  and  Sokoloff,  1998:
Thornton et al., 2009) &3 FMCE anansauudn1unguiiani (content cluster) tanauanslu

AN5197 2.1

A5197 2.1 NFuAIDIMYES FMCE  uisaunguiilonn (content cluster) (Smith  and
Wittmann, 2008)

nguiifan (content cluster) fnudodl
BN (ﬂgﬁ’;é}’uﬁﬁaﬁ 1 4ag 2) 1-4, 7-14, 16-21
ALLIY 22-29
nnihduded 3 30-32, 34, 36, 38
ALLE7 40-43
WAIU* 44-47

2 ]
a v alz 1a =~ (% =

wanegig  wdsedlinersasemae dldmeiuies 43 g (Fouded 1-43)

wuuUseidiu FMCE fdnsihunlgegnsunsnanglusiu PER (Thornton and
Sokoloff, 1998; McDermott and Redish, 1999; Thornton, Cummings and Marx, 2009)
Tu¥ 2008 1dfinmsUssidiu FMCE ananilsanss (validity) angidersg@muindaniu
eansadauilena (content validity) syduRuInuazauindede (reliability)

nMInaaeulagldaid Cronbach  alpha  wWudnilA1aadie 0.91 AINNANARBUNGUTEY

'
av 4 o

(Ramlo, 2008) d@nsuluusenelng Are81991u3389111 FMCE unld wwu Tud 2008 nssnu
faundiod Wuvuussdiu FMCE Ruteyatuiindnmanzimnssumanstuld 1 dield
UszidiuanugmemaiAnEasnamansieomaiia model analysis, ¥ 2010 Lo Anfine el
waramy 19 FMCE Usvdiuanuidladesuswuasnsindeuiwesdnidoudusisoudnuni

WIHUIEUTZIINNIDNITAOULUY Peer instruction NNaNASLuUUAUaIU (inquiry method)



WaEITNTADULUUUIIBNBUNR (traditional instruction) A8 normalized gain, WagIIUITY
Y93 SUNT Tauzuazrugua uzsna Wl 2011 19 FMCE Useiiuanudnlavestin@nenduiin 1
WisuiguiunslguuuUseidiu MPEX (Maryland Physics Expectations) tieusgLiiuaaia

%

Aatalunisiseuand Wusu

2.3 A5N15E0ULUY Just-in-Time Teaching (JiTT)

Justin-Time  Teaching (i) 1JuiSnisaeufiinisdrsiaainudila
roudsuveieulagldmauiilulivuivleduaginisdnfanssunisiSounuy active
learning lutteadeulnganfonanisdisaatiu Fan1saeunuy JiTT  Waundulae Gregor
Novak wag Andy Gavrin 910 Indiana University-Purdue University Indianapolis (IUPUI)
uaE Evelyn Patterson 91 US. Ar Force Academy lull 1999 33nsiiduwafngnu
nszvIuNsUsTiuiuguddaessens dufio

(1) fi3uaziioudosrelivssAniamunntuningnnssfuauAnogs
WiLgE

(2) gepuagapuog 19UTEANSAMUNNTUMANT VRN TOUS

Y Y

4

Bnsaounuy JTT iWunildluiZnsaouunuu active learning anungui
N13138U3UUY constructivism AifluurAndn nsdsuiiAntudlodauiiufauusiu aul
vowusazyanafasadtuedlianusadsuiuld dmiuiimsiviiliiAanissoudiasns
SufvosiiGounanslamefissiaursnisiious (Leaming  Pyramid) fauansluguil 2.1
(Lalley and Miller, 2007)

Average Retention Rates

//.';% Lecture

10% Reading

Passive Teaching [ 20% Audio-Visual

Methods

/ 30% Demonstration
Participatory / 50% Group Discussion
Teaching

9 Practice
Methods e

90% Teaching Others

JUN 2.1 iselinuvianisisewus (Leamning Pyramid)



[y

Pnisedauiinsseusuanliiiuiinssuiunsdeunsasuiivansieiu

[

~ ] a o Y L w v | aa Aya N v oaa = v
Nwam@ﬂ'ﬁlﬁﬁuzﬁﬂa\‘iaLiEJ‘ULLWﬂG]'Nﬂu@I'JEJ IG\IEJWU'J'TJﬁﬂ'ﬁa@‘ULLUUWQLiEJ‘UiJ‘WU'TVlLUULWUQH U
v a \ a . . s @ v P a o
Toyaiiie0e14fe7 (passive teaching methods) Lesiduinnudilaniviiewndenduiey

N Y |

(average retention rates) dlA"taeNd1 50% laun ITNsaRULUUUTIENY, M5O, N3glanvied

Ay a a

WAy N139N15a150 TuvuENISN1SARULUY active learning MidiTeuild1usau (participatory

Y

teaching methods) nuinlesifudanudnlanudondsndassuiiaiannnia 50% Laun

a

mseAuse, MANUH R3S uasnsaeusdu dwsuisnmsaeuwuy JITT asdunsldanusiay

Y

Anddiseunnldedunesiuiulurioasey

Fmsdeuuuy JiTT Sdumeudeil (Novak, 1999)

(1) faousonuuumanuiiisondn warm up wdnluliuuiules

(2) fiewduimneu warm up wazddludsaeununissuuivlednigly
nanfifaeutmunteunsSeuludety

(3) faouiAusiusunazudannudeyails warldidunuimslunisda
Aanssuluvieasey

(4) HiSgulavFaowinnanssularaAUTIEHaTINAY

(5) nauseu gaswiranuaiuaidilanaziaududeouvesuiun
10y Bond puzzle Wi IUledliEsudunneusuiu thoguandsnisvianss

ALAUVDIITNTADURUY JITT Ad

(1) Bmsaeudiimadisaaruiiduiifadagidou (prior knowledge) Fuiina
AEN1SLIEUIVDINTEY

(2) BnsaouiliniseAunesmiuioduaiunmsaiesdanuivesFou

(3) A3msdeuiimnsitesldluesSeurunidnuaring (N= 30-300)

(4) Fnsapullannsalysmiuismsaauluudug lhde

2.4 Normalized gain

adffugrudmdunisusufiunisaeulusuisediunisinu Idud
nMsvadevALLRgIuAILANATEIvRzLLLTAedY ttest Ve z-test TeaBRmanil
voniflgsauLAnAsednzLLUIRAs LAz s sulaliannsavennansiSsudud
WisBuly siennluil 1998 Richard Hake léWamn3anisuszdiufiiiondn normalized gain 94
dieldiareinanisidoudfiiintu (leaming gain) vesfiFou annsaldldislunwsmes

viBseY 18uAna Sellenuazsiele



Nomnalzed gain 1ASMsUswliuemadeulifsdves Sournmaiilid
Tonauiuduindu uasfidngeaaiity 1 Inslufesouniey azduinoanuluglves
average nomalized gain ({ g )) BavmlF ey momema3onfidiatugs (% (G): actal gain)
m'amamiﬁSuiqﬂqmﬁﬁiammﬁwﬁulﬁ (% (G ) - Maximum possible gain) WeuANFIRUS AR

AN (1)

(¢) - %(G) _ (%(s,)-%(s) .. (1)
%(G).., (1005 (s)

Ined (g) A9 average normalized gain
% (s,) Ao ALRdsvasrziuudsundassuduUasidun
%(s,) fo AnadevesrzuuudeuneuFsuluUef g

*RUIBNG AALANIZTNLSHUNTAZLUUADUTNDULAZ AT UG

- 9

N91N15ATUIEL average normalized gain (<g>)1ﬂ§ﬂLﬂuﬁaﬂ1%ﬁﬂﬁLﬁu
Wesiudunuluaunisin (1) uwianaunsaltidunzuuuaseiiulanndeyanisideleg pre-test
Ao AZUUUADUNDUISEY, post-test A ATLUUABUVAISEY WAZAZLULANTOITRaRUYALLY

LNUA1 100% bokag

a

Tuanddeen (g)  Arwinld fe Suiushvemansiseuiiiiuduves

Y

= % a

SeudleAaflsuiunanisiseudgegafidlonadinduld dmsuen (g) anunsauusldidu

e

pd)}

High gain A (g)=0.7

Medium gain 1A 0.7>(g)>03

pd)}

Low gain A (g)<03

Fadredeanuanuideres Hake lud 1998 fifnnslddeasu FC d1533
nejsiaeg NS e (HS) waein@nw (College: COLL waw Universty: UNM) a0 62 @in1dunisfinun
Fl433n1589ULUY Interactive Engagement (IE) §1uau 48 n&y (48IE) (N=4,458) Lilgufiu
T8N15@0UKUY Traditional Lecture (T) 973w 14 nau (14T) (N=2,084) wazilasiesieiey

average normalized gain: (g) lﬁmaé’umﬂﬂugﬂﬁ 2.2



,!;lﬂll“illlm‘IJII@';EL
B Gain vs Pretest 7
gw HE COLL UNNV
- ew:ems:;ﬁw Ehgetisment @ © & 7

6070 Traditional O O o ]
No bR \ |

\\\ \\
Ié 0.601 . E\ \\\\ <g
[ aN o Nay <<9>>43iE .
(\'? 40 MMeduum-g BN \\\ / N
N 0} o S \0 \\\\ X\ — <<@>> a7
| %\ S \\/ _
- O AP A /, . _
: SN N\,
1o O /O~ N .
030~ - [0) o \

20~ B~ %, N\ —
~— 7 DY
0.23 4 N
- = @ & A “‘“’*.v / \\:\ \\ —

Low-g £ ~ S ?/\ R “Ja \\\
I v Ny O 30\ ]
| o s\
B <g>= |slope| = <Gain> | Max. Possible <Gain> S
I Y I T A
20 40 60 80 100

% <Pretest>

v s J 1

JUT 2.2 nsamuduiusseninedn %(G) fupzuuunadeunewdeu (pre-test)  ved

naueg e inNsANwlunuITeves Hake U 1998

PNEaMTITEmUin FFmsaeuuy Traditional Lecture (T) e (g) WAl 0.23,
FBnsaouLUY Interactive Engagement (IF) dwas (g) 1adelel 0.48 uazlifivieaoula
laan <g> 1NN37 0.7 (Hake, 1998) Bnsiananssiddemuinisnsasuluy Traditional Lecture
Fmnadn (g) 19k1n31 0.3 Buck and Wage, 2005; Cummings et al, 1999; Hake, 1998, 2002)
Fodulusudse PER Sastnldani ( ((g) < 03) HufiarninsgIuaInisnisaeuluy

Traditional ~ Lecture Tun1siSauiiieus (g) AUIBNITARULUUDU UagaILITaNIAY

AURANAIAUD <g> (580 o, lmmﬂmmamwuﬁmuaumiw 2)

Taofl  x o AwadsAzuuu posttest  @99gld o, =sd [VN
(A dauuinIgIuYedA1Ladeved x: standard deviation of the mean of x)
y A9 ARAYAYLUU pre-test Faazld o, =sdy/\/N

(A deauninIgIuYedALRieves y: standard deviation of the mean of y)
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sd,, sd, Ao dndenuuninsgiu (standard deviation) vee x uaz

y AUEIAY

N Ao uuFiSruimaiinizuuLnaulasnaLTeY
& @ =l o o
C A9  AZLUULAN (HIDIUIUAINN)

ALAUTBINITIATIZN average normalized gain AarduAniladuiuasiuy
nadauneuseu ag19lsAnuilanuideves Marx  way Cummings  1ul 2007 ladiAn
average normalized gain 1 IYUTZIIUNANITIUI VRS HULANTUNUTRTTAUI9DE

Tunsliesgideya dude A1 (g) Tarudndeddunisulamunnedmivauildnziuy
v ° J = [ 1 & 1 I A 1 1
vdaSeuiag, i (g) Feglutie 0-1 Wugreildanunslunisuvanumneuisdoya
wazlunsaififiseuldrvuuudulunsmageuneuseudmalidunmen (g) Tl deuily

Jo1awEl Marx  wag Cumming  WUSUIT Moz endy nomalized  change ()

FILANINIAUNTN (3)

( post-pre
—_— post > pre
100-pre
drop post=pre =1000r0 ... (3)

€= < 0 post = pre

post—pre
—_— post < pre

\ pre

JlNe Ao normalized change

1 v a

post  feo AwesAvwuuasundaSsuduUesGufaIn 100%

D

pre Ao Avespzuuugeunowisululesidudann 100%

FalumsAmnaNT BN a9S o1 wwiSenily average of nomalized dhange: Cuye

¥
=1

lnansfinseyanawdinumAleie danuindinawdaninuninaliguieiiuan (g) w9
1 = 1 & [ Al T o a o (Y av v v a 1 1 1 a
A Cave HoAY Fio LTuAlLTANENBssd T UALTLAA L ULRA LS UTREN TN DU T
(post < pre), ANYBY Coe DYLUYI -1 819 1 FANTUUIYNANADLIEUNINT UATAIUNITHEN
Junsdifsaunisil (3) aunsafmmnamen ¢, lnnsdl Melasnsamaininuianainves

Cave W1 138031 standard error of mean of ¢ (sem,) AUAMUFUNUSAIANNTN (4)
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A ]

el o Ao d@ulEuuuNINIEIUYeIAAYAN ¢ (standard deviation of

the individual c-score)

¢, A8 f1normalized change Yoo UTIYUAAA (individual

1

student’s normalized change)

c A A1 average of normalized change V3938

ave

(%
Y |

N Ao unuiSsuivaaiiviazuuuneulasnaLTey

2.5 Model analysis
Al . . Y] MY va P a a
\99310 t-test wag normalized gain SavanlilladndiSouiiuuimuAnyvse
sUsuuAMUARdBsoeuY aeals datusieunlul 2001 Bao uag Redish lasiufusiaun
FBnsUssliukuuInizendt model  analysis  agoABugINAINUITEAIUNTANY
(education), InINe1N15E38U3 (cognitive  science)  WagUszaINIngn (neuroscience)
NLWIANIT 1@uUszana1ee aeluaue i douleaiu e IAULEIas19NIZUIUAIT

=

%’U'}f&iaﬁamﬁm Tnefinszuaunisiaufuusun (context) mau’%"mﬁ?uﬂ WudrAgy
(Bao, Hogg and Zollman, 2002; Bao and Redish, 2006) WwAtlA model analysis
wuseanidu 2 wuu (algorithms) Ae

(1) Concentration factor LJu3sn153nszidedeunaziudenlaggain
N1INTLAWAIVDIAINOU

(2) Model estimation 1Huisn1siAszvimuulliunisuuudnass (model)
yseruAniiEFeulivioanusneenuivesiFeu (student’ s knowledge state) (luauideil
aulafnuanizaiuues model estimation i)

anenuATefiiua wui madsuivesdifeulufuuiun (Bao, Hogg and
Zollman, 2002; Bao and Redish, 2006) #saneA21171 éfm%’uﬂa;mﬁwamwﬁﬂﬁlﬁmﬁﬁaﬂﬁu
wilauuaAavan (one concept) wifiuFum (contexts) wansnsfululuudazdanu {iSou
919MDULNAININgNIABNIRB VIR LAR etwszdifoudenldsuuuaiufa
(mental model) Tumsmauusiazianusnstundenandnteniiviusunvesmanumait

Tunsgaulvdiseudenldsuuuuaiufnisaiu
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AatiundImaunividawnAandn wadlusundraiunlvigiseui a1unse

Weuauduiusresauuiazidundiseussldguuuuanuannieg lunisneumaiule

[ A

PagUN 2.3

L; Model 1
q>
L Model 2

Contexts Activations or > Model 3
Creations .

?"llulnll

gﬂﬁ 2.3 UNURINTTUIUNITAIIFULUUALAR I%ﬁgmmum’mﬁﬂﬁwm w o guuuy
Adulldlunsuddaymiiug (Model 1, Model 2, ..., Model W) W8 G, v
Wumnanhanfuitnidouszgrassdulildsuuuumnudnuuusineg  (Bao and
Redish, 2006)

WansaiguRgsLAnliuluAnnenaransmeausiuls lnedaniusued

JULUUALARA (model state) VoIlT8ULNUAIEUSHNVRITURUUAILAA (model space)

Y

'
(% v o I

ninnnesvessliuumINAa (nwesvesluiag) AduiusiudnvugAneundnnuiily
Junnmesgiumdnsisain (orthonormal basis vectors:  e,) A19813HuFULUUAIINAR

3 5UuUU (3 models: ¢, e,, e;) LLamléfﬁqgﬂﬁ 2.4

Y
Y [y

SUN 2.4 USQUTULUUAIINARA 3 JURUUNLNUAIELINLABSTULUUTIRRINT s ukas Y

(Bao, 1999)
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lienunsauszanusliuuaIudn (model estimation) lalagenduinaila
MInaMARSAIUSIB LTS NTUAYANTIAN eigenvalues, eigenvectors B3RS

(1) ahannwesileunuguuuunnudauuusiieg vesiSou adunainain
NUITHTIAUAIN 28138171 common model (M) %38 physical model 8nfpg1aLyY

mndvisvun w model @115U 1 concept azadsla M; 63 M,, #78 linear vector space

lpgfiusiay model unumeg orthonormal basis vector; é @159 (5)

1 0 0

A~ O A 1 A O

61 = ’ 62 = > "ew =l (5)
0 0 1

v Y a o - th
PRUUANIUZYDIFULUUAUAA (Model state) YDIUNLTBUAUN k- LERY

AenweInileiigly model space; u, AsaNN57 (6)

1
RN J’Tk ~lu) ©)

A k = o o v a  th a a A
log?l n; Ao dwuvesrweuvesdniTyuAun k Mden Model 7 i
W fig 9uINULUUAIReUNIMUA (common models)

m fe Inumauiasaiiegly concept ey

(2) ¥ model state VBIESHUUAAZAUINATIUNUNINFAIIUNUILLUY

(density matrix) 8nfog19u nsal 1 concept 3 3 common models (w = 3) aglaumsng
| a v th th . .

AMUUUILUUTDIFULUUMINARATDIUNISEUALYN k (the k student model density matrix)

LANIAIFUNTITN (7)
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I/l1k ﬂnknk \Uflknk
D, =u, ®u’ =|u,) uk|— Jnn nf vl (7)
Jnint Jnin nf

(3) UNUNSNBAIMURUILUUVBIN NS g UTIVUATUT WS sunNTIUAY e lnle
LUYSAAMNRUILULTOITUTBULY (class model density matrix) WaAIAIALNITN (8)

198 N A9 3NUIUTNLSIUNINUA LT ULS U

pﬂ pu pﬁ nf [nknk [nknk
D=\p, p, p,l|= \/ ”f \/ ......... (8)
P Py Pu «/ Jn'n nf

(%
v

ViatlAenauuduniesys (diagonal - elements) YBavINgAIUVUILLY

VOITUSEU AD py,, p,, HOE py, WUBNDEREIUYIINITOUNMIBINEENLY model 1, 2 waz 3
(Faiulimindu 1) druduenuuiduniesyu (off-diagonal elements) Wu p, UenANSINNADS

Y099WINLNETEUNLEIN model 1 LAY 2 FIagUan9DeAINNAILEUAIIN (consistency)
v a & Y] I A Y Aav A A A &
voulseuTgaulunsiden model 1 uar 2 Usenauiu nanife adltniseuaneauiiiaenig

model 1 uag model 2 AlAnzaNN (arge mixing FUEREPIALEUATIIN (ow consistency)

Tpeviluan off-diagonal elements (W p, ) aviiedniifeddydlo —— 22 100 > 50%

\/(pn X pzz)

(4) %A1 eigenvalues Hag eigenvectors 970 class  density matrix
\fieuanIn13nszaefIves common model Guaﬂﬂfm'%suﬁgﬂ%’juﬁau & eigenvalues gUdN
consistency  wostniBeuistudoulunisiden model winda1unuansingiseudulng
Fonld model ado fu usvmnardfesuansigFouluduioudentd model nszansdy
(9Mn93F0709 Bao L@upAsEANIINNT 0.65 Feazieldinindeudiulngluduson
WWonldaniugnisaiuAnaaiye AU) @iu eigenvectors  UBNEY class model  state
fearvaniFoulufuzoudnilugiden model 1o

Tunsuauenan1sImsIeyt class model state 31nAN eigenvalues Lag
eigenvectors aztiauafnsmgULuUALAR (model plot) dudunsm 2 HAfuansds
asnasduesFouiduSeuiiasld model 1 %% model 2 Tumsmouaa Kuandugudi

2.5 Wneliunu y umnuiazduiegld model 1 (P) Faluguuuumiudnfignses uay
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<

wnu x LWuenaninaslufiagld model 2 (P) Fuduguuuumudniiin Jeyafiaduiiuiing v
ugafiiin (P,P,) 1wy 9a B ilusiu dmsuiuiivensm model plot gnuualu 4 dumdng fie

NuRlAEUAMNTUANNTU 1/3 WuuSias model 2 (model Nifia), Hundrunatanduusim

a

mixed model, fufwiiaiduaruduanvindu 3 1Wuuina model 1 (model 7ign) uasiy

Ushadlnaaaduila deegldldu Py + P, = 0.4

A
1.0
| % Model |

siope = o N Region
= dr‘( 1-v5 ;) -
IR Mixed
S :1.: [ d Region
=g "
= § 04 Model 2
E 2. 2 N Region
=] O}J i’|ﬂ
e e
& .,

P,+P, = 0.4 = » slope = 1/3
s 0 V2l 1.0

Probability of Using Model 2

g'ﬂﬁ 2.5 Model plot LLazmaUmeﬁuﬁmm V99N MFULUUANLAR (Bao and Redish,
2006)

o

dwsunsuusnutndy 173 wez 3 Tu model plot tu ofemdLTLSI Ty
wazLBaduves physical models 183970 model plot 1Hunsw 2 R Al model 2 wuy
AeanfuluszuIy 19U model W wag model M Asanslugy 2.6(n) yuiinduluszuny

136171 model projection angle 1y ¢, @snsadIUlAAEaNNNTT (9)

e b, A9 model projection angle
= 1 & Ao a = v
q, Ao anwuuasuninEewdonld model p

q, Ao muhsduidnEeudenld model
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vseansndngUlnalansuansluaunisy (10)

waziilosaniinsuusyuluszunudu 3 dauing du iouanatisvauiunves

model [, model M &g model finaunfu Fonindu angular distribution plot Fauans

= = & [ v & v T =
lusui 2.6(v) Weuwnu x  WUu q, uasunuy Wu q, fdu a1 @, =% eulugy

v v s a v & v aa Y o g v A = 1 Y
ANMUAUNUTIVUFUUULEUATINUAUYY 1/3 WWIﬁW‘UVI‘U@Q model n "N@%ﬂqﬂiml’aumi\i

14 1
A A

o o o o v s v u A y o 0w
AAUYU 1/3 LLaﬂuaﬂwmmmﬂum o Zg wlmaumwmmﬂmu 3 UULDY A1UNTUNUN

Tédunsa P, + P, = 0.4 Tu model plot Wy faidunufivesguiuuaiiu@nsed (secondary

oy o

model region) LHOANNUNAINENILAAIINNANITATUIAIBA eigenvalue NAIUDYT
wanafanisnszatedlnnvesdiseuluienieulunisifdonld model vinlvivinune

1 < a ¥ 1% a . 1% g.J/ dy a o |
Aunazdulunisidenld model Mmewmadlin model analysis laen Msdannauidenuin

lagiluua eigenvalue MdANNINAgALTAIMINNTT eigenvalue TitaeNIRY 3-4 i1

Y

a v

9115117 eigenvalue NilAdasanAwmwaziiinadly model plot aglafinnnaglaid

Pl + P2 = 04 LD

A Model u A%

Model 1 Mixed Model n
- Region Region Region
‘\.‘II qu

QIJ‘HL

I-'_ > ! ’ﬂbuu
NCH Model n 0 /6 /3 n/2

(n) (@)

31117'; 2.6 WRUNIWLEAS (N) model projection angle wag (¥) angular distribution plot
(Bao, 1999)
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lunsAamfing (P,P;)  uu model plot  gldAINagNIENINNAT
eigenvalue 7111N71gAY0Y class density matrix UAT eigenvectors ¥4 eigenvalue U

(@eawiseninlu primary eigenvectors) auaun1sh (1)

— 2,2 _ 2 2
P=oyv, Wz B,=oyv, =~ e (11)

oy o) AB  eigenvalue NilANMINTIEA

Vi=|Vau 0] eigenvectors U84 eigenvalue ﬁﬁﬂ'mmﬁqm

aa . P A @ ad a v o av a
19 model analy5|s llzq@lL@u@@LUu’Jﬁﬂ']TV]@']?TEJWQQTU'J"GEJL%Qﬂmﬂqwzﬂqﬂ

[ [

nsmgUiuuANARmsTaLATadNkarIWITBUTINaRa 1 sad lUldRunquiegs

Punnls wenaniduiveyaminSeurinvagnuaziaininsidewminn1sins e

MH1uL7 Ao t-test uay normalized gain Mdlanzarungisowingnviniu Fadunsindn

Y

Uszdnsnmnisldanuvesiuunegaunnsgiuluauiddy PER saudsisnislianunsavenladin

BeulAU et luan UL lANaUS S ULALMA WS I UFINA IEIUITAUBNHAIUINISUDY

a

SeusiudwmavaismsaeuntlUlnulissulaeg1etnmu (Bao, 1999; Bao and Redish, 2006)

Y

eXp 22
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35N HUNISIAY

[
v a

mMeifeaselifunsiduiamnass (Experimental Research) ifioUsuidiu
A lanundandniSesngnisadeudiveiaduden 1 waz 2 vesindAnwiilFousie
FBnsaouLUUUTIINeTinaNiUIBNsaBULUY Justin-Time  Teaching (ITT) ngende
nsUszanagUiuumNAnmemALla model analysis ;:ﬁ{falﬁﬁﬂLﬁumsmwﬁzumauﬁaﬁ

3.1 ANsas19azUseiuAI 09l ko luaWIdeY
3.2 ANSANLHUNITINY

31 nsadesazUszfiuedosdefildlunuise
3.1.1. wuuuszifivaanudnlodesuswwaznisiadouii  (Force and
Motion Conceptual Evaluation: FMCE)
TurAdeilduuudssfiunnudnladeaswasnsiadoudl (FMCE)
atumwilnedanvanaziunsuszifiununinlaongsidoWandfnw PENThai  anadvn

=

Wand AgAnenmans unninerdeuiing (aUuuuusel 2553) dwsuiudeyaneuiey

o a ! U ! a v 1 o a v = va o
LL@S‘W@QLiﬂu%@ﬂﬂ’qm@’l@ﬁ’lﬂu&ﬁu’l%ﬁ (A1ANWIN A.) Tawneuinunlgluanuided didel

e

e

Rinszmamandesiuresuuulsidiu FMCE 3nafs fewadansmanudosuuy
Sanguiildarnnuulsunuvesazuuudundniiogaiuasnndesnisluvesiaisaie
(internal consistency) ME38N13AABI-3v15A&U (Kuder-Richardson) tdentdadis KR-20
(Fraerkel and Wallen, 1993) futiayand s eunosnguitaasng A inAny i 1 ensinermans

UMNINYIBYAIVAIUASUNS UNISANYI 2555 I1UU 420 AW AIFUNTISN (12)

r, = k 1- 2 lzq ......... (12)
k-1 S
t
Wie I, WY AAULYBLUYBILUUNAGDU
k LU FunutegaulunuuUsTaiy
p wiy dnduvesdiingnludentas

(FMUAVINYNINIMETIUIUANADUTIVILA)
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q Wi dnduvesdiindnludentls vise 1-p

o A A v &
St LY AZLUUANULUTUTIUYBUATBINDRAUUUY

NANITIATIZI WUIN ANANUBN U (KR-20) vadiuuysesiiuninudnla

LSDILTIaLNISAARUT (FMCE) anniu 0.91 (Afweusulaluauide Ao r, > 0.70)

(Fraenkel, Wallen and Hyun, 2011) 3sfienuvusziiuiidanuinteiislussauiivensule

3.1.2. 25n19d9U Just-in-Time Teaching (JiTT)
5nsaeu JITT Wunszuiun1siseunIsaaunusenaumeaasdiy

% U A [

ddny Toua AanudmiviinneianudilavesfifeuiiunuliluivieduazAanssy
TutuiFounuunsedugiSeu (active leaming activities)
iesannizesngmsiedeudivesiadiuted 1 wax 2 \uiSesif oy
farudlafinnndign lunuiteifsaulaaismsaounoy T Tudesd dwsuiedesile
lluFSmsaouuuy JiTT Uszneusne
(1) gaA1a8 Warm Up uay Puzzle
Warm Up 1Jugadanulddmiunsisaaumiuiifuvesiise
Aouiey uaz Puzzle WWugamaulddmsunnageumnuinaausou lneseasdonan1saing
uaztsmidiugamonuustasuuuilflumideivelud
1) Y1013 Warm Up
YAAND1M Warm Up 1 YausenausisinnIy 3 Wuu wuuay 1 49
TAKA ANDILLUVUNAIU (essay question), ANDILLUUNITUSEINE (estimation question)
WATAIDILWUUAILADN (multiple-choices  question) HLIEUABINDUAIAIN Warm  up
TH3sudosreudrtudsunislunaniifaoutmun gadiom Warm Up  azdsliifaou
nswisanuiidnvesiSoulasanzanudlefiafiediludunuimslunisesnuuy
ahisnvieinesdionisasudfioudluudssanudnlafiamdniusoly
Tusuidsiyadionn Warm Up gnitamuiiulngendedeya
MnIEsAnddny, ndsde, Uiulasmanisfine uasdsvaunsalluduiFeunesdite

WARRAgUT 3.1 Uag 3.2 AuERY
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(1) A01NLUUUNAY (Essay question)

TUNISLAUNIIVDIEIUBINIATENINATILATIEY UINYIUBINALUANLASTDIBUA

uiadeunvisell agels (eSuneneulivanalsenau)

(2) Arukuun1sUsENnad (Estimation question)

& o ! v o | & = < 9 v A g < o
Winuannasaldiineeguuiusivauannvgatdadlindauiinieainuisiaee,
2 wesseduil Wenaesliivgneanaindevewinudissiiussansinszyidenassluiile

TiAnussuINA (AunInaveInaadliinIuANUWLNZEN WS DL EnInsAalid 1)

(3) AmuwuuAaLaan (Multiple choices question)

40 km/h

100 km/h
—

=1 o w =

soguddunilanIduadouninrednsnianeda 100 Alawnsaadalus Tuwgeniy
FOUTINNTLAROUTIMEORTLTIA 40 Alawwnsradilus ussansiinszvindesavisansiu

Wueenals

—_

WIIENENNTEVNARIAUTINNUINATITOLUA INTILLIAUINNT
WIIENENNTEVARIALUALINNTITAUTIVN INTIELIATRENI

WSANSTNTZY AL UANINNTNTAUTIVN WS1Z8RTISWINAT

WIANSNNTZYIFasaUTINNIAUTaEUR INT1EdRsIFIRImETeuiy

AT N

o I~ 1 dl'
A6ULUUBYN19DU

5UM 3.1 yad1au Warm Up dmsuiideses ngnisiadeunvesiisuden 1
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(1) A0k UUUNAY (Essay question)
lougninuiialutievuluvuomealuwuifc Wegnmullavululdauasanszannduadin

MNLIRTUILTILRINTA Lsenseinsegnulla e

Ql' o =

1) vazNanwmudanidundsuniuly

Y

] s o I

2) Ve aﬂmuﬁaawmwmqaqm

Y

&

3)  wpEanulanIaLAdauiadun

Y

(2) Aukuun1sUsENna (Estimation question)

%

Unnselansunselaneenaniasestuiinugs 5 Alawnsainialan Wesuydnnisesn
o q v a g A a X v ) a2 A a o 1
AR UTAIEANUSTTALTUAIESRTT 5 WAs/AWT BuIaveIusiisuyinnsziiee
Pnnselansuiiduwinle wazusainszyinganannianuduiusivuiaveainnselansusgiils

(MAUANIATBIUNNTEIAATUANUAINUAL S EL)

(3) AnunuuAaLaan (Multiple choices question)

Advin 200 Tadu vuzedouRty WinanewAdaTindniun LssEnSAnsEindeas
Hueenals

1. Um0 126U Niras

2. un 0 Thdu fietu

3. YuUIA 200 UIAU 7ifad
4. wum 200 Tadu fietu
5

o I~ 1 dl'
A$ULUUBYN9DU

5UN 3.2 yadnu Warm Up dwsuindeises ngnisindeuiivesiduten 2
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2) AU Puzzle
M0 Puzzle Wufauiiliuszifiumnuiveisoundainu
nsvuuNMIGeudaeRanssuiifaoudatuluiuBounmnuuds JTT wondunisaeuuuuussens
Mo Puzzle Wumanaadadsuiu 1 9o Mlvidizounanirudile nszuiunsan
waznsudtym vdendoudeninds MlUszana 1 d&anivdsuidon fasuagi
M0 puzzle Tliuuduledt §i3ouazdesmaudiniy Puzzle li3susosnelunaiidaon
fmun ndniudaeuasunufneuiliuasilviinnshieussdunaiinsaeusoly
TusmAdeilandinin Puzzle dwsuidaides ngmaiadeud

vostuden 1 uar 2 gnimuduluviusadgifuiuyadiail Warm  Up wandlanegui

Y

3.3 kay 3.4 #IUAIAU

tnafinuiudsddiaurevauiusiousisunn 10 Gadu Wiondnaueddiiadeuiily
Fruntuuiutiudedudigy susfunmdmssiuaziedeuiiludrmiifesnsni
5 WRsHEIUNT YunveLsEnEinssvdewluminle uazdnafniudsnutozindeud
soldotils (eSureuIenaninisiuiauszneunudilaiionansaiuasfiinnisves

@
AIULSD)

5UN 3.3 ¥af101u Puzzle dwisuriideises ngnisindiounvesiiifuded 1

=< a (%

naeslunilana 1 AlansugnnadalifvauSimdafaturisunidsuuiudesduigy

30 sarnfuiusu Wiedaselvindendudasy naesluliszgnadswantiloaduluvuiudes

(%)

1% [ I a ~N2 o a s o 1 1 ng o w
AILRANTT 20 LUATADIUIN GN?;‘LJ VUINLLASNFAVDILLIN Wﬁwﬂizmmaﬂaaﬂummzmm

[ (%)

waeuNTUINWBEY, egiiundtlaleiiudes wasvuziiduadeuiinduatunluegidls

(aSungvsauansnsAalivanalsenauaUila)

5UN 3.4 ¥pA1n1u Puzzle dwsundeses ngnisinieunvesiliiuden 2
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[
1% =

N3A1073 Warm Up lay Puzzle Miad1stuazgnilunaassly

Y
[y 1 v 1 Y 1 d‘

funguagnsduneunsldnuasiunquieddlunuide Nillngudlegraiilunaassly

9

2 o a v U o = A = a s a s = |
LWUUNLTIUTEAUTUNTINANEIUN 5 LNUNITLISUANAAIANT-INGIAIENT IiﬂLiEJu‘Vi']@IWQJJ-

(% L3

VedeaNyTanaiueT g1nematg Jainaual 91U 40 Au (TNSERINtsus el

)

e

FeufRauilaaty) saidifidesvin (nauun v) Yszfiuaugndeafiuniu
Lﬁamsuaqﬁ’mmLLazmmaamé’aﬁw’jwﬁwmuﬁui’mqﬂizaqﬁé’wLLuwiuﬁu
AIUABAAR D93 NINYAUTTAIATINgANTsuAUToaey (n1ANWIN A.) (Index  of  item
objective congruence: 100) wiamntuidoyaiildundnmedr 10C swaunsi (13)
mndadianulaiien 10C  Faus 0.50-1.00 FodndiArniiienss arunsatdanadaty

Tlgauld wsmnsndandsnantisesdsulssneumiluldass (nsudyinis, 2545)

2R
ocC=— . (13)

n

Wo 10C WU ATARNUADAAABDISENINITBAIDNUNU

e

Useasm

)
)

W
2R VU NATINAZLUUAUANTILYOI LTI

Ny U UTEE

=

ilaUSuniAnuaNAL Uzl eI laran1maaedly

[
o Y o

= o v & ¢ ¢ A Yy a v °
LIYUIBYLLAT ﬂqﬂqlﬂfwaquuzﬂgaﬂuq‘lﬂl'yﬁ‘UigUUL'JUI‘UW@@UI@ULW@IWQLiEJULGU'uJ']W@UF’nﬂ'uJ

Y

lagluaruidedaviigadiatuldlilussuunisifouidltgnuiesuvueaulatveg

q

UANINYIRLAIVATUASUNS 1381371 LMS@PSU E-Learning Management System lusng3an

a

332-101 Fundamental Physics | aunsaitnfislaann http:/Ims.psu.ac.th/ wananasy

3.5 (s19azduanazisnslantndiuled LMS@PSU wandlunimuuan 1)
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You are logged in as SUPACHOKE PUTTISANWIMON

{Logout)

| ‘Q’
= LMS@PSU Report problemto - ms- Monday 15 July 2013

Iy P -
> AUUADNTITLIVUS support@group.psu.ac.th

HOME | COURSES | LIBRARIES | e-RESOURCES | STUDENT SERVICES | IT SERVICES CENTER | THEMES

LMS@PSU » 332-101

People (=] Topic outline Latest News [J
&, Participants Add a new
topic....

P (No news has
Activities =] been posted
GCe Forums yet)
&4 Questionnaires
@ Quizzes

Upcoming =]

Resources
S| Events

@ sounauma
(Mid-term Exams)
Jul 27 - Aug 4

Search Forums 2]

1 fudsiausug LMsePsU 3unildnausiu 1 (FUNDAMENTAL PHYSICS 1) sifadxn 332-101 Saturday, 27 July
. 12:00 AM
Advanced search @ 5 » Sunday, 4
August, 11:55 PM
Gl (8 2117 dsrAanduariansdsdsznauniIsdan B e B
& Grades New Event...
A Reports wian 1/2556
2 Profile
Ga News forum Recent Activity ]
% Course Outline Semester 1-2556 Activity since
@ Testod Saturday, 13 July
i 2013, 05:06 PM

& Tecin? Eull connd of

[

Ul 3.5 feghmihiulsdvesszuu LMs@PsU Tuaddeil (PSU, 2012)

(2 yeRansauludutou

AIRNBUVBIKISEUINYAAIAIL Warm  Up aggnldidudeoya
Tu nseenuuuAanssukaraisdontsasuiiolduiuudanudlafavesFoulutusou
faouaziiauoaudlafinvesdFoudildangadain warm Up lusudeudundnniey
fuefiuse (@w-nov) SadufFswiertvarundlefiamdriy - donsaouilld Taud
A (video  clips), N1snaaedldiiou (interactive  simulations) wazdenniiuay
amiAdeulyn (animation  pictures) Aensasuwmaniavaigaouainetu @onmilay
aadeulmselusunsu Microsoft Power Point wagluaiu?) wazdefiduduainiules
s lud Aottt unandules Youture amrsadidldan Attps:/mww.youtube.com/
(Youtube, 2013) waz donsnaasuaiiouiuiainiules Physics Education Technology
(PRET) wesuninenaslalasila Tuawmes (University of Colorado Boulder) anansaitngisla
N https/phet colorado.edu/en/simulations/category/physics/ (University of Colorado Boulder, 2013)
Judu segrswesdemsasuiithanldlumideianadasuil 3.6 Sdonisasuianunaggn

luneaesdlduarsslivangisivignienugndemisiuniwikasiilenneuinluldats

' [
a YVa o % =<

dwiueazBeavenisiananssuludussudulunuununisdanisseudigideadu

(A1ANUIN 9.)
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(A) donnilaway

.:4'
amadaulm
5UN 3.6 Fregradensiseunsasunldluisnisasunuuusseeinauds JTT luanddedl

Aa v ¢ a - A a a
(n) FaviF, (v) @onsveassaiou way (A) denndawazninadaulm

3.2 MIAiiunisIvg
3.21 NguA28E19 (samples)
Fnfnududd 1 auginermans wnninerdeasvatuaiung
fianFouseiniandiugiu 1 Unsfinw 2556 $1ua 567 au (e 24%) IPBLEeNUUULIZ Y

(Purposive Sampling) wazilutin@nwiifinadeyanoulasnausaunsudu

3.2.2 USUNYBNUITY (research contexts)
ATt dumATodmaassiin One Group Pre — Posttest Design
Aungudtegslunaseun 1 Un1snw 2556 dwsuillonises ngmsiedeunivesiinuden

1 uay 2

3.2.3 ﬂ'ﬁﬁ‘hLﬁuﬂ'ﬁaauLL‘U‘U'U??EHUﬁNﬁNa%ﬂﬁﬁaauLLU‘U Just-in-Time
Teaching (JiTT)

3
av A

Tunuddedlaadunisneaediaeiisnisaeu JITT wauiunisaou
WUUUTIENY  WeduasunisiseuikasUsuninnudilatinvesiseuluises ngnisiadeud

vasihduten 1 uay 2 dwiuduneunsuiimsidelaunmsiuuansfegui 3.7
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un 2

Ree

Ui 1
NAADUNDULIEU (pre-test) - HLSgunBUAININ Warm Up

e

ADULINTUSEU 1 LHDU ADULYNTUS YU
U 4 Juii 3
HL3EURDUAATY Puzzle « AUNTERULUUUTTENE
NAUIYUIULLDYN NALASNNSADUWUU JITT
‘ U 2 Tk (2 ATU)
QUN 5

NAADUNAITEU (post-test)

VASUUIVLLDMT 1 Lhou

JUN 3.7 Unuadunaun1sALluNTERULUUUITEIEINANITNTHRULUY Just-in-Time

Teaching UITT) Tuens3seil

seanBeanmasfiun1side Ielul

$uil 1 eudtuSulsrana 1 dou nquiegaiuuudsuidiu
FMCE  Juniswaaeunewdeu (pre-test) Ingldinaniuseanm 30 widt wadildaziily
Ansgimudiunmmnaeunduisudnass

fufl 2: douSeudongnisadouiivesiafudedi 1 way 2 Wua
2 Fai faputheedioy Warm Up 3uldliuussuu LMS@PSU itelsiiindnwiidnlush
wardsnduniglunat 5 Ju ndufaeusiusandineuain Warm Up iiledineiiuas
ponuuuianssulufufeulviuduatanielu 1 &Uai lunuiddeilmmevvesinfnusoyn
fa Warm Up gnduidunguaunundendndauandunsied 3.1 wag 3.2 auddiu

] [

dMFUN15199 3.1(N-A) LAAINHUAINDULAEIBEATNITABUIINNGUFIDE19 (N=567)

[
1 o v A

noynmadluisesngMsedeunvesianudei 1 Al
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M13199 3.1(n) AIMBUVBIFTEUIINAMLUUUUNANY (FDUNMTAIEUDINTA) (N=567)

nay gIUINA - Y
. A by oy IUALDYA/NANE Sovaz
Amau | Laasunlansal !
1* o wlunswdeuiilisnludesdiusdlag nsevih | 29
ferupIN1A / Sianandes
2 5] WS ALIIAATENINNNNAYRIEIURINTALAY | 38
AINATIZN
3 Taile wisgldfinseleg nszvitnesiuednia uag | 31
Fududeainssunstuindousueinia
4 1o/lallet uq (Aneuldauysaiuazdndingulalléd) 2

M19199 3.1(V) AMBUVBISEUIINAINLLUUNMTUSERIN (@aun1salindasli) (N=567)

ngu LSIANSNNTLIN - Y
\ o we FaDUA/ ARG fouaz
Amau | senaeasldwudi...
1* wihriuaug Unfnwlaninsiunmen)nIsiafeunives | 46
Tiuden 1 warld a=0 weediausinen
2 Lawiiumue UNANWILAAINITAIUIUMILTIINSINUSITe | 48
HaNNaRIRINg TN 2
3 wirdu/ldwindugud | Bue (Feuldanysaluazdndingulile) 6

M13199 3.1(A) KA WRLYBESEUINAIMUUA IR BN (Emumsalsaeusiiaesaussnn) (N=567)

LSIANSNNILNNABIANIEDIAY WUIN...

ALaan Jouaz
LSsdNETNTEIAETAUTININNAIITOBUS NSIZanaLN 17
2 LssdnsTinszidesasudinnnInsausIN InTzanatiesnin 16
L3sEWsTInseviiosanudINNNIIaUTIYN NSRS AN 34
q* LssdnsiinszihdesausIAUTaEud szdnssiaci 25
5 Ameuiiuogiedu 8

*A 190U BY
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! a A

Wadoyalunisned 3.1(n) wudniliigsiesay 29 vouisuud

v

v ' A dl 'Y ° 1Y A | Y
LGUWIGU'J']EJ']UE)'JﬂqﬂLﬂa@umlmﬂﬂlmmaﬂmLLi\ﬁJ']ﬂigVn LL@HL?EJua'JUIWQJJ (09ay 69) g39AY

A d' c{' O v A o o A & Y a Al

LYBINNIILA[DUNVDIYTUBDINTIAYUSUUADIULLIINTE N VIQULUUN@N'Y‘MﬂF"I'NNLTWI%NWVI'J']

« o« 1 [ = A [ 9 o o ¢ 1 v
LL'ﬁ\‘i‘\ﬂLU’LW]@ﬂ']'ﬁ'ﬁﬂ‘i‘&’]aﬂ'WWﬂ']'ﬁLﬂﬁ@u%%@ﬂfJG]Q (Bao, 1999) dmsuaniunsainaasldniy

dl ! Y a o a 1 a v s o 1 i va o o A Ay
M99 3.1(3) wun aLiEJ‘Lﬁ@EJa% 48 ?’\I@'J'UJLLiQa‘Wﬁﬂigﬂqﬁaﬂa@\ﬂ?ﬁl‘WﬂqaﬂLﬂa@u‘m@'ﬁ‘ﬂ

1 Y] a |

AR UNILANlnELs I ks INANINTiBRnTwansliiudl diSeudinfndn

(%

fuseilefanassldluvuzindauninnassliwasioliladudadunan Maduanaldiun

Y a o ) v o Y v PN
A laiiangIfuwssduia (contact force) vosiseu uazanuatoyalunisnen 3.1(a)

o -

WU Fevar 34 vesiseudnlaiingiindouniiiennnuiiiganinvsiiussansnseidedng

q

v I =

NN Tngndouimeniusiningt anviaiesas 67 veelisewTelwIENsNnszyide

q

Y =

noTadounrienuEIAaTueliuIIaLarAITIVRITRY

d115UR199 3.2(0-A) WARINGFUAINBUKALIDYAZAITABUIIN

nausegsayarnuluiidelsengnisiniounvesianuded 2 Al

M13199 3.2(n) HAAIMBUVBIFEUIINANMUUUUNAIY (@n1un1salgninuila) (N=567)

ngu | gnnuilanduadouniu | gnnuds o duvdsgega | gninuilannduadeuias
ANBY | ysedinseein. | ¥eeaz | useinseiin. | 3ovaz usennsevin.. | Sowaz
1* TCR]SUETa R 7 wsaltanag 7 wsaltanag 45
2 UIIANAS 47 wsaluaug 92 WSaLAY 48
3 LIl ULAZUTS 43 AMDUDU) 1 AMDUDU) 7
TuNa
4 AMBUDU 3 - - - -

uaevie) neugnynnsal Amilusesas 7 vevgiseunium
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M13199 3.2(V) NaAMBUVBISIUINALUUNITUSEINN (@aun1salinnselansy)

neu useiisuydnnsziivie fowar | wsedenannduiusiu | eowas
fmeu | dnnszlaasu (7) windu.. | (N=488) | snavnnszlansy Ae... | (N=258)
1* | ZF-ma=> mg-T=ma 54 ussUsRunsaiuag 97
T=mg-ma
2 | SFerma = Tema 42 | wsswUswnduiuana 3
3 fneudu 4 - -

waEvIe) HEUgNYNAIIN AnkTuseeay 55 YasgiSeuviavun (N=243)

M13199 3.2(A) NAAIMBUVBIFTEUIINAMUUUUUFDN (@A1UN15aIANH) (N=567)

fataan wssdnsTinseindoand wuan... fouay
YUIA 0 TI9U NAas 22
2 JuA 0 iy Firty 4
3* YU 200 UG Niras 60
4 gun 200 Tasu Hirty 8
5 fnauiduetady q
“FAInouiignsad

'
a

Nnuadeyalunisned 3.2(n) wuil giSeuwiedtvuegninuia

ey

Mduafounituiusinseianas (Gevar 47), vzegiynasanluoniadiusansgyinlugud

e

a

9
(Sewaz 92) uazvuziduadeufiasdusenseriniiniy (Gevar 48) uwanslmiuinfiseu

a < [ Ao w d' = = & £ a
NWITTUIVUIRVDILIIATUYUINAITULIIVBIIN NN TAUARDUN F o v) Faluanudlaiie

[%
v o a

flaonadostunuidoves Smith waz Wittmann (2008) SnvisdailfiFeusesas 43 Anin
vuggninudaiduedeuiidululueniafiusslsuainiionseindogninuiadiedady
anuiinlafiniRefunssduda (contact force) aonndosfusniunowntii uenaininudi
fifivedenay 7 vesffiFeuilannsaneudanuaniunsalingiindouiluuufslignses

~ o W ~ A P a ~ o ' ° ° )
ynnsaikaziirladndngiedeunlusuifenislulaniiusadiudieansevinaue d1usy

1 =

anunsalvesinnsslansuydinaindeyalunisnai 3.2(v) wuinseuas 42 veeflSey

1w A

AuanLssinseyideTngnaulaiialaediseuvenuseingg insevivednglignieuas

9

1AM TUN S Y UL UN NS IDETENINSEVINRDIEUU (free body diagram) MSHwuI
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SruudFeuneumondeiunnisfudmaulnenoudniuusn (N = 488) innindnnumas
N = 259 oadummnrndieuluteideudenuaeimuismaligSourousnuma
F1urutiosas waziflofinnsandeyalumsieil 3.2(m) ndunuindesay 60 vesii3ounay
AManuaaumsalvesdndligndesdunnsaiuaniunisaivesinnszlansuydniidedann
fusuniidudeusnnndy (rusarsugdn) wandsiiiuinmmundlavesBoututuusunuesany
(Bao, 1999; Bao, Hogg and Zollman, 2002; Bao and Redish, 2006)

e lafiafinuaneedmaumatargnuuudlae s nsaousu JiTT
TusuSeununfunisaounuuusseelneidoyarudilafisvesdioumnoonuuufanss
wardududensaouiielfluduFou wWu adminisdeiueinatugiseanidlddngy
wiluanudlaiafefungnisiedeuiivesiaduded 1, densvaaeaiouyaaundning
Uuﬁu'ﬁw?{umxﬁu@8&168’511/1%%LLf’flGUﬂ’;’nJL%’ﬂﬂﬁmﬁEJ';f‘TUﬂgm'ﬁm?{auﬁmmﬁaﬁuﬁaﬁ 1 uag 2
wazdonmilsuaznmieadeulmvesinnszlnasuydnuaznisanetnsdaszuesinglddmiu
uilvmnudnlafiaedungnisindeuiivesiaiuded 2 Wus

fufl 3: fudunmsaeudeTimsaounuuussssiinaniuitnisaon
WUU JITT funquinegemuununsdanisdoudiiaiedudmiudenidesngninadoud
vosihduded 1 uaz 2

b 1
v A

YUN 4 nauIeuMTetau 1 dUa v fasutiAiny Puzzle Ul

YV a ¥

UUsEUU LMS@PSU idieudnluviuavdindunielunan 5 Ju mﬂﬁguéiaauiwiamt,as
Seseitoyailfiftelilunsussdiuiimaaeui (hiausluundaly)

$ufl 5: wduFouau 1 Weu nauiegihuuuyssiliu FMCE 8nady
WWun1smeaeunduiou (post-test) f\]’]ﬂﬁ?ﬂﬁ’]ﬁ@iﬂaﬁlﬁi’mﬁgﬂ pretest lURiasziiiie
Ussiiuismasaout (huaveluundaly)
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NANISAMIUNITIVYKAZIALATIZINE

wan1sAiunsiseifiensiaaeuanudilaveadiFeuluiatolies
ngnsiedeuiivesdadiuded 1 uag 2 dinisaeunuuuTIensfnanisnisaounuy JiTT
Wnaueilu 2 @ leiun

4.1 NaveayAAInY Puzzle

4.2 HaveIUUUTLIUAINUYNLALS 09LSIbarN1SAAaUN (FMCE)

4.1 NAYRIYAAIAU Puzzle

AMBUVBIITEUIINTLUU LMS@PSU dmsuyadany Puzzle gnuaniasiey
wazdanduauuwuiAavdniiouanitenudlavediseuseiivelsengnisindouives
a o v dl U = ¥ YV 1 d"’
TRuden 1 uay 2 ndssouuansatoyalansialuil

1) HAaAIMBUVRIAINIY Puzzle dUTUTITRITOY NYNITATEUNYDITIF

YN 1 LARIAINITIN 4.1

=] ° v a ° XY 2 o =
M19190 4.1 NaﬂqW@UﬂaﬂﬂLiﬂuzﬂqﬂﬂqﬂqm Puzzle (@01UN1FUUNALANUILUY)

ngu | vuiaussdwsiinszvivde | fewaz naiadeufivasiinafntuds Jouaz
fmeu | vnafieiudonudn.. | (N=550) WUT... (N=526)
1% wiriugud 83 | dnafminudedinsadouiingsly 96
Franthsienusaneg (a=0)
2 Laivinfiueug 16 | Ameudug 4
3 fnaudug 1 - -

° a & v v o & ° > v
VaELe) AOUYNYNAININ ANLUUTOEA 73 Yougkauvvvin (N=524) (*A1neungnnes)

a

ML YUAILATNITABULUUUSSYNENHNANITANTEDULUY JITT WU

PN o [

Jouag 83 vegisvunauAnIulagnAesivuInLsIEnsInTEYreingNiduaiouiinieg

q

% (% 1

anusInsiiianduguduazsesas 96 veadisounauldgniesiningaainanazinwanin

9

nstadeuiidely eTeulisuiusosagveIA1naUNgNAoINoUTEUIINYAAIATY

Warm Up 98sd@n1unisalenusinid (Feeaz 29) wazaniunisainaesld (Sovay 46)
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lumsedoya 3.1(0-1) wuindsnmsaeuilyrelvigiseunauaiuieliungnisiAdouiives

A o Y a v v a
UIRUUDN 1 ‘lﬂgﬂmaﬂLWN

£
=

YUNAAIL

L4 a

a X A a v a v d'
YU u@ﬂ'ﬂqﬂULN@WzﬂqimqﬂqﬁmLT{LGUNWGU@\TQLiEJ‘ULi@\‘i

W@ (contact force) Tuaamumsalilgieusesay 16 Weinduswinssyiwetnafinuiuds

vugindaefaunilalSsuiisuiiunateya Warm Up vesanunisalinaadhilumenei 3.1)

({iSeufeuaz 48 Woinilusslensevivonadetldvasindoun) wandiiuimduseusie

TnsaeuilislvidiTounouiinsesiieua

2) NaAIMBUBIAININ Puzzle dmSuiiveies ngnsiAdeuvesianu

YN 2 LARIAINITIN 4.2

=] ° v a ° ¢ 1 & o
M195190 4.2 NaﬂqW@UﬂJ@QQLiﬁJuzﬂqﬂﬂqﬂqm Puzzle (@01UNTUNADIUUNULDYY)

' o w a AL
NaaIN1aILAFaUNUYY (N=426)

naasaguangnudes (N=325)

nasIN1adAaaufag (N=328)

ﬂalil SN ﬁﬂ oS ﬁﬂ o ¢ ﬁﬂ
o YUALLIIANS (F)... v < | VURUTIANS (F)... o YUALLIIANS (F)... .
AMAU v LIIANS.. v LIIANS.. v LIIANS..
(509a2) v (509a2) v (509a2) v
(5088%) (0882) (0882)
1* F =mgsin30 ag F =mgsin30 AN F =mgsin30 AN
(12%) (23%) (26%) (33%) (619%) (100%)
2 F =ma+mgsin30 Fu F=0 il F =ma—mgsin30
(62%) (77%) (67%) (67%) (24%)
3 F=ma F =mgcos30 F =ma+mgsin30
(12%) (4%) (9%)
i F =ma—mg sin30 F =ma+mgsin30 F =mgsin30—ma
(11%) (3%) (6%)
5 F =mg cos30
(3%)

waEvIe) HeUgNNAININ Amluseay 7 Yesgisauvianun (N=295) (*Amauiigneas)
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watoyans19i 4.2 uandliiuimdasouseismsasunuuusseefinas
Fnsaouuuu JiTT fisuaunsoneudamifnfuingiimanadeuiidionnusddgnsios
inndulunsiaznsdl (NAUAIMBY 1 : 12%, 26% Wag 61% MUaIRU) dlossudisutuuiun
findnondstunouSsuresanunisalgninuiaainyadiaiy Warm Up lusisnadl 3.2(n)
(NFuAMBY 1 : 7%, 7% Uag 45% MUaI9U) uililnedefany Puzzle Folitiuundudoy
wndu (Audes, aUss uagnans) o1aviligSsuRaymlunindouununimussdasy

(free body diagram) figndesdsdnalisesarvesinauigndsligunntdnuasneunlad

1 < v v 9 v 1A 1 1% Y al 1 [ a 1
Ay egslsiananadeyadaglniuindanudulllaingSeudlngidnlatindy

[
a a

wsUSHUIUNSIAR B UNYeYing WuA® YauENARIAR oUNTULSIETIAYY VWA ma+mg sin30

)=

dlonaewigaila s Uaneiiudesusalugud wazvaznasundouiawusdiiaad vuin mgsin30

[
v a

v a ¥ a P J Ly d' d' [ [ £ a [
‘VN‘L!F"I’NELIL‘UWI%N@TBQQL?H‘UVIL‘HB’J’]LLiflLL“LJiN‘LIG]’]EJﬂ?iLﬂﬁ@UVﬁJ@ﬂ’JWQLUUF"I’NNL‘U’]I%N(ﬂﬁaﬂ

ﬁwu“lumu’i%’a PER ‘ZJ’ENL%IS\‘]LLNLLazﬂ’ﬁLﬂgauﬁ (Sokoloff and Thorton, 1998; Smith and

Wittmann, 2008) wadeyatiwandliiuinisnisaeuildlunuideiaislasunisuiuls

A a d' Yo a Ao v = a o a %] v a Y]
L‘WllLmllLW@Imm@ﬂUUiUVIW“ﬁU“ﬁ@u@JWﬂTU @ﬂ‘VNﬂ'JiLaillﬂ'l']lllfﬂ'ﬂﬁﬂﬂ@ﬂQL?EJ‘L!LﬂEJ'Jﬂ‘U

free body diagram Faduarudilaiiugiumsidnd
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4.2 wavaswvuyssfiuarandiladeussuaznisadoudi (FMCE)
4.2.1 T-test

nuadoyaLUUUTHidiu FMCE  shneunasvdaioudeisnisaon
WUUUSTENETiNAN3E N5aeuLuU JITT Jnsieimanauandivesnsuuaden ouwasnd us o
Pauann paired sample t-test IumimaauLﬁmﬁ’umLaﬁamaﬂﬂizmﬂiaaﬂﬂduﬁ’aaém
Alaifiudasesieniu (dependent samples) Tnsiwunausfgiuveaniside fe

Ho © Mrou 2 Mg

Hi @ Hreu < Mg

dle p fie AAzuuweABIINWUUYSHATY FMCE

Faluarddeildlusunsy sPSs  Andunsiuramuaunisada
paired sample t-test Fefds Analyze —» Compare means —> Paired-Sample T-Test

NANNTIASIE LA AwERIlUANS197 4.3

=] ~ = a v Y aa d'
A1519N 4.3 NSLUIYUNYUAZLULLRAENDULAE VAU IYUAIYITNITADULUUUITUENNEAN

ABATAOUNUU JITT (ﬂ%LLu‘ULﬁﬂJ 43 AZLLUU)

Lecture+JiTT | 97uu (AY) | Azuuwady | dwdesuuainsgiy | A1t | Sis.

AouLSEU 567 8.56 3.40

— -10.71* | 0.00
NaIYU 567 10.60 4.68

*(t0.025,500 = -1.9647)

NANTITIATIZA WU NMSISEUNITARURUUUTIENENINANTTNSARY
wuu JITT TuiSeausawaznisindouiviidiSeuldasuuundendauiougeniineusouseell

'
v o w <

WedAny? 0.05 BIUAAIIMGUTIULLTEUAANTITEUS LY

4.2.2 Normalized gain
WemUTInaumaNSSsu3 N (eaming gain) Vewl3euldlATIen
TyaNLUUUTEEY FMCE AeSeeasnsneugnuedlisey uae average normalized  gain

((g) 0y, ) Ineuanmanuuun s (overal) uaswiaungudesmuilow (content cluster)

lonadauandluunugivessun 4.1
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100
90
80
70
60
50
40
30
20
10

% Correct answer

Percentage of correct answer and (g) of the FMCE for Freshmen

error bar : 1SD

in Faculty of Science, PSU, 2013 by using JiTT mixed into lecture approach

N

"l

N

i

Overall

Force (Newton182)

Acceleration

Force (Newton3)

Velocity

[] % Pre-test

20

18

17

22

50

B % Post-test

25

18

20

28

60

(8)£oy,

0.0610.01

0.0440.01

0.04+0.01

0.08+0.01

0.201+0.03

Cluster

UM 4.1 uruniuanInsilIeuiig usauagn15naUgNNB UL Y ULAL VAT HUVDILLT e ULAL

NANSSEUSNTY ((g) £ 0, ) AIETBNTABULULUTTEBTINANIBN1TAD UL UY

JiTT

Ay a °

NNUHUITUFUT 4.1 WUt Fewazvasnmsiu (overal) MElS8UnBUAIMgN

Y

nnuuudsziuaudila FMCE ndaSeu (25%) TAnuTunneusou (20%) uaziile
#1suvelsesngniIsindeuiivesilifiuten 1 wag 2 nuirfevavAmeunignaemiduseuy
(18%) ganinneuleu (15%) Wufiu wilileRasaunUSunaNanIsseus I RuTuYe s oY

(g)* Ol WU AWINAU 006001 ey 004001 FMUAIRU FINEA BN MEINTIIUNITADU

MgT5N15l Ineaferlseulinan1sieusiiutu 6% LWeAnn1msid v3e 4% WeAnwmnizises

Y

nguasihiiuden 1 uwas 2 lnaileuiunanisisoudasannidlonainiuladu 100% Fedndn

'
o

Wunanisiseuiniutuluseaudi (< 30%) (Hake, 1998) ailillosaniBnisaounuy

UssEeTinaIRnnsaouLUY ST Difufanssunsedusesiufunaranu-neulureasoy
Tnvendamiladiafinvesifoududdny Woendunisuvannunadeyasmivmaia
model  analysis FadululgiiBnsaouidielifiFoul fuivdsuanudnanguuuuiian
agetauluguuuunruAanalsEgniuRe 13eni1 hybrid model (Bao and Redish, 2006)
Tneii hybrid model #38 confusion state Lﬂuﬁmé’ﬂmjmaﬂmiﬁwi (D’Mello et al, 2014)
wieghalsAnuisnisaeunuuusSNinan s saouLuy ITT lunuidedsndudedldsu

VY a

mavulgsiRvuiedeasulvigiseuinnsseuslussavgusely wu Tddenmsaeunnsyeu

Y Y Y
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muAnvasiseuluaeusun, sUkuuianssulutusey Walenalvigiseuladidiusiulag

makusnguissugsevs ellgYwaeulunsdananssy ua 1¥I8nsaeuluL active leaming 81

%

HUINAUISNSERURUU JITT WUudu

o v A

wanandunugddinanduanddiiiuinfideisesninuiss (acceleration)

~ = v a X v o A v o v A d' a )
NNaﬂ'ﬁLiﬁJungLWN%UI‘U?%WUG]"I (0.04+0.01) LGHUL@EJ'Jﬂ‘U‘Vi'JﬂJ@Li@ﬂﬂaﬂ"liLﬂa@u%ﬂJ@ﬂu’)mu

To¥l 1 way 2 anudibavesdiiouneiiuideiaslasunisusudsiely dwmsurideses

'
a

A5 (velocity) wudndiSeudinanisiSeusiiuTugegn (0.20+0.03) Wewisuiungudue

Y

(%
a v 1 {

a a1 v v ~ o a A & a 1 A
AnviAzkuLRBUTEUAEe (50%) wandliliuingiseulnudiladiseenmsInnI s
dunsilaenndesiunadeyasinarsauide eswinAiaiusesausiluwuuyszidiu
FMCE :ﬁgﬂLLUULﬂuﬂswwmmé’mﬁuéswdwmmL%JLLaznm%aWU’iwQL’%Sudauimyjmaﬂﬂsﬂw
[ 1 = I3 d' (v d' d' (v 1 YV a % Y o =
senanialowdusunuansdnvuznisinfeunvesingdewalidisouaiuisaldadaydin
(common sense) lun1sidendneunignsiesla Bnvisiseulinidlaiemnamansineaiu
ANSUSTENENI5AABUN (kinematics)  UIANINEIUTLNEINUANUFUNUSVBINITHARDUNNY

éfummaqmim?{auﬁ (kinetics) (Smith and Wittmann, 2008; Thornton et al., 2009)

4.2.3 Model analysis
\iles91nadiA t-test UonifisanauaneIsEinsAzLLURBUT B ULAY
n¥a3eu wagAn normalized gain venifissmanaiFeusvesdFoufifiadu Woflazuonds
A0TUENIAUANYBELTEU (model state) §3T8T9iunAlln model analysis 1l¥3AT129
Yoya FMCE nvirdiadengmandeufivesiodudef 1 uay 2 felalunuided @ Feudilvg)
frnadlaiiaanndige) Gensstudanded 1-21 luwuuussidiunudnla FMCE Tnodana

14 21 9o annsauusmuiomlaidu 2 nqu Aswanswnsai 4.4 (Thomton and Sokoloff, 1998)

M1319% 4.4 MsIanguAtaNtedt 1-21 Tukuuuseiiuanudnla FMCE aailen

gy \Wam AU
1 nONIsAFRUNvRItIRuTen 1 2,5, 15
2 nNIsAARUNYRITIRUTeN 2 1,3-4,6-14,16 - 21
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2

HI38TATIENANUENNAUAAVEIELTEU (model  state) 3875

model estimation ¥aanaila model analysis lngldvoyaandiunudedauinigivesiu

v v A

WUBLIBINYNITAFOUNURITIFUTIN 1 wae 2 T 4 U9 Ao A1auTeN 2, 5, 11 uag 12

=

Fadimuumnansfuvesusunuaziiudauiidiunwlddnauasnadosiuiemfidesnis
AemeifiFouaoanduiilon andefammdiiannsadaguuuuanuAandn (common
model) 38 i3aueaniailu 3 Ukuu (Bao, 1999) leun

sUBUUT 1 (model 1) : iddufivsdodiusdumsSrenanmmmsndoud
LﬁmaﬁmqLL@sLLiﬂl@JﬁTﬂLﬂué’f@ﬂagﬂuﬁﬂmmﬁauﬁﬁuaﬁma (gULLUUﬁQﬂﬁaﬂ - correct model)

q

SULUUT 2 (model 2) : vaugiiinquadoud dndusiosdiusanszvinlog
ussazegluiinnsiedeuiiiaueuazdmiuslnenseiumnug Guuuuiiligndes : incorect model)

SULUUT 3 (model 3) : E‘ULLUUF’YJWNﬁ(ﬂSu‘] LLazﬁmaUﬁlﬁamysiﬁ
(sUuuuInaan : null model)

fogavosdodon FMCE v 4 9o fardeuFouuasvduioudae
FmsaeuLUULIUUTIENeTiNaIAE Msaouwuy JTT gmitluiisigvishemaiia model analysis
puaunsi 6-8 lagendelusunsy Microsoft excel uag Scilab tfomnA class model
density matrix, eigenvalues Wag eigenvectors YownaneuIeu (pre-test) HLaznaToU

(post-test) lenarauandlunsnsdi 4.5
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d' (% s . . . .
19199 4.5 WaawdUsy class model density matrix, eigenvalues, eigenvectors Wag
99AUTENOUNIAVDY class model point Tu model plot fe3sn1sauULUY

UISYYNHNANITNTADUBUY JITT

Result Pre-test Post-test
0.10 0.12 0.07 0.16 0.18 0.09
Class density
0.12 0.60 0.32 0.18 0.60 0.27
matrix
0.07 032 0.30 0.09 027 0.24
Eigenvalues 0.83 0.10 0.07 0.80 0.11 0.09
0.19 0.31 0.93 0.29 0.78 -0.55
Eisenvectors 0.83 0.45 -0.32 0.84 0.06 0.53
0.52 -0.83 0.18 0.45 -0.62 -0.64
Class model point
y-component P, = (0.83)0.19)" = 0.03 P, = (0.80)(0.29) = 0.07
x-component P, = (0.83)(0.83)" = 0.57 P, = (0.80)(0.84)" = 0.57

nHateyalunsei 4.5 Wefansan diagonal element s

class density matrices WUd1 vidaSeugiSewdan model 7igndes (model 1) LauNTU

(%
)=

210 10% 10U 16% waziuwuiltiuiden null model anad 370 30% aads 24% 144

De

Fanuimaaussuiseuionld model a (model 2) WinuanAawiey (60%) wenainil

W50 off-diagonal elements Wudn vaassugLSeuLsazAuilwlTuagly model 2

waz 3 Usznaufu (Pu=Ps) anasanidu 0.32 1Ju 0.27 sgefivedfey dufenaaiou

¥ a

Seulwnlduiazdenldiiies model Wen (model 2 %38 model 3) 1NTY Fauandlniiud

= A

A
Y
a aa . au & 1 a vy A v
FnsaeuwuuusIEeinanisnsaoukuy JTT  lunuideleduaiuliiSowbenly
model e model e wionaazdslale pure correct model ws incorrect model AN
waztdululadn model menuAnvesiseuaglu confusion state
MaillileaeallAT1EHadoya1NITNITABULUUUITEIEUNA
(traditional lecture) AlFAUINANNTUTN 1 AgIneImans umIngrqeavaluaIuns
Un1sfnwn 2555 (N=420)  sedunudedinuifelfuiieinadeyainlauiussuiiey

Hatayauwanlunns1d 4.6
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A15197 4.6 Waawsves class model density matrix, eigenvalues, eigenvectors Lag

99AUTENOUNIAVDY class model point Tu model plot fe3sn1sauULUY

UTIE18UNH
Result Pre-test Post-test
0.10 0.1z 0.07 0.21 023 0.06
Class density
0.12 058 0.33 023 066 0.15
matrix
0.07 033 032 0.06 0.15 0.13
Eigenvalues 0.84 0.09 0.07 0.79 0.12 0.09
0.19 0.31 0.93 0.38 0.92 -0.12
Eigenvectors 0.82 0.48 -0.32 0.90 -0.33 0.25
0.55 -0.82 0.17 0.23 -0.21 -0.95
Class model point
y-component P, = (0.84)0.19) = 0.03 P, = (0.79)0.38) = 0.11
x-component P, = (0.84)0.82) = 0.56 P, = (0.79)0.90)" = 0.64

Mnuadeyalumnsed 4.6 1ilofiansan diagonal elements w84
class density matrices Ui nduFeugiFeudon model figndas (model 1) Lfiuunniy
90 10% Ju 21% wazdiwwalduden null model anas 910 32% wide 13% lnenduieu
fi3puden model #ifin (model 2) ifinduain 58% Hu 66% usnaniiilofiarsan

off-diagonal elements U1 viasseuisouwiarAuiiuulduNld model 2 war 3

Usznauiu (Pys=Ps) 8nasaInin 0.33 1Ju 0.15 agadideddey wanslmiuimdsieu

>

PnAnwdnulluunazdenttiies model 1Hgd (model 2 158 model 3) UINTU WHANNRSU

@iy model 1 wa 2 Usgnauitu (Dy, = P, WUt viaFsuafisduan 012 1 0.23
oaiifudndy Fauandsrnumadunni (low consistency) Tuite ndaSeuindnuilderaes
model  Uszneufumniu sediilowIeuiiieu eienvalues ﬁumqmas eigenvectors
flaonndnatuainasuuLnouse (pre-test) YouednIITNNTEIY NUIT ALz
tinfnwudenld model usiay model liunnssfundoaandldindnAnuniauiugu

d' A ! LY = = = v v a 3 Y ! ad a
LiBQUIQJLLG]ﬂﬁ]Wﬂﬂu LiJ’e)L“LJiEJ‘ULVIEJUﬂUWaﬂLiEJu%BL‘Viu‘lWH@LQ‘N’J’] 20NTADULUUUTIYILUNG
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VALTEULISHUERN model gRUATRALINTY UATBNITADULUUUITENETIHANTTNTABULUY

JITT daseulsewden model gnunfiulagi model HaflTIuIuAIT

vy

o o A v & N a Y a
WeiliieliaunImnsiuigulyaan ugn19nIUAN YT e
TATALUNINTUTIIATIZIAMT class model point Aaansluniseg 4.5 waz 4.6 tazild

afensmgliuuauAn (model plot) itelUSeulfisuisn1saeunsaasds larsgun 4.2

Model Plot
1.0
@ Pretest (Traditional lecture)
APost-test (Traditional lecture)
08 - #Pretest (Lecturetdil T)
WPost-test (LecturetdiTT)
fny
|3
)
E 0.6 -
U
-
T 04-
=]
=
0.2 -
A
| ]
0-0 T T “ T T
0.0 0.2 0.4 0.6 0.8 1.0
Model 2 (Incorrect)

UM 4.2 nslguuuuaudn (model plot) seninanaulagvauieuvesin@nwnetusey
AlPSUNITARUMUUUSTEN8UNG (traditional lecture) WaLN1SADULUUUITENSNNEL

aal . o Y a A PN A o v a
IBATUU JITT Iu‘Vi'nJ@EJE)EJLi'&Nﬂ{]ﬂ']iLﬂa@umﬂJ@ﬂu’)@um@Vl 1 g 2

MnNsIgURUUAIARTUUR 4.2 Ui NE I HUTINTAOUNUTUTIE
Unflayn1saeuwuuUsseeiinaudsnisaeunuy JITT fifm class model point (post-test)
faasegluudnuguuuuanudndiia (model 2) faiisnsapunuuUIIIe inasitnsaey
WUV JITT finsidsundas model state anoudsulundaioutiesninidnsaunuy
us3Und Tnglulufimnsil model Qmﬁu%u model Ay (3TN15aRULUUUTIENEUNA
model state LAaululufiemeii model gnifindu way model Anifindudae) wiisn1sasuy

[
YV a

WUUUTIEENENISNsaRuLUY JITT ldlucuideilazdieusulndiseuld model fign

Y
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wntundaiou win1sdsu model state nfeulundnisuildides Snviedsaserlu
incorrect model FsuansliiiuiiinisaounuuusseeinadsnsaouLuy JITT luiuisy
5&?’@&?%%5@@15%’%1%%@& Tngenauduiansslututey, densaoudithanld wiowien
FBsaouLUU active learning Fue wldsmfuiiionszduniuAnvesgFouliAnnisitous
LLazLﬁaﬂI%EULLUUﬂ’mﬁmﬁgﬂﬁaﬂmﬂﬂﬁu (Bonwell and Eison, 1991; Watkins and Mazur, 2010;
Meltzer and Thomton, 2012) agnslsfinunisuszidiusmemaiin model analysis 915u
wedaludluadsefanddnutelinsuisaaiusnsenufauasnisiuasunUaanus
msAmARsEInoui BularrauS suvesiSouiiinnsiSeumeitnnsasuuuusiieg

gt duilugasuimiaulavesisnisuszdiull
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unii 5
d3UNan15IY

5.1 @5UNan1sivy

NUITULAAS19IT NN TR ULUUUSTENNENITNSEULUY Just-in-Time

a

Teaching (ITT) taUSuuAANud Ak akasaLaTIM IS U3 30N NMTAd ounvesil R utei

s

WAL 2 @ANMSUNNANENSEAULNMINGNFETUUN 1 ANLINYIANERS UNIINYIBYFIVAIUASUNS

d15729utanauanaassula ety UYL LA ULTN AL DILTILAL NS LAADUT

' [
= L4 =

(Force and Motion Conceptual Evaluation: FMCE) wagzUsziiuisnisaounasisiulagly

[
Y A

wiada model analysis Fadunaialndlunuideidnddnw asunan1sivelanadl
aa d' aa . PN av & v

1. msaeuLuUUsTIeiNaiIsnsaeunuu IITT fldlunwidedasien

nnsdranuilaftvesissuteusuiumaiuled LMS@PSU wagtunuszaiana

WOIANANTITULUU active leaming Tuduissuunisedusiesiuiuaylddenisaeusivaiy

VY a ¥ (3

diadaaSu vl Touai1909AMNSMEAULBINUNG B N1TSEUTLUY constructivism

Y

2. MSUTEEUUSEENSANUBIIDNITEBULUUUTTEIENHNENAUITNITADULUY

a

JTT Rasrudmiungmsindeunvesiafiuten 1 wae 2 wuimaaseulaeidnsaeutl diieula

v a

PEBLLIRREVE WS BUaTInewS sue Wil Ted Ay sesu 0.05 (Useilunae paired sample t-test)

>

'
[y o

WASlNANTSISUIMLANAY (leaming gain) Iu'ﬁmum(<g>ia<g> =0.04+0.01) LiONANTAUN
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AARNUIN V.

s8R gvuIUN1ISUSE I ULAS D319 Y

4 )
SRIAANTINGE ATLNNONWST LRaWUS

WINTNAMITWEANG ALINGIAENT UMINYIRUEVAUATUNS
a3 Wandnged) (Theoretical physics)

HYILAIARNTIATE gINA AW

SOUNULNNAMITENEG H187391115 ANLINGIAERNS UNTINGIUFVATUASUNS
awiwynis Wanddan (Material physics)

a '3

HYILAIENI19158 AT RN YTty

a s

91971589U52N1PIVNANE ALINYIANENS UNINSIDLAIVATIUATUNT

a s

a9UIYN1T TINENE (Biophysics)

79.900935 LAY

919159U52910AIYINANG AL INYIANERNT LWINEISVAIVATUATUNS
aviwynis Wanddan (Material physics)

A3.43591 vouma

a s

9127159U5£NPIVNANE ALINYIANENST UNINSIDLAIVATIUATUNT

a s

aU9UIYN1T TINENE (Biophysics)
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(I0C : Index of item objective congruence)
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ANANUIN N.

LMS@PSU E-Learning Management System

a < (3
1. swazidenveaiulyn

v Y
v v

sUU LMS@PSU  1HuszuuiilddadsuiiioTngussasdlunisatuayy
nai3sunsaeueseIstuazindnuaneluuminendeasaiuaiund lasdvessruuty
ﬁﬁu@ummmﬁ%ﬂﬁ w573 er31 Moodle (Modular Object-Oriented Dynamic Leaming Environment)
Fagfldamnsavinisadnunisuesulavluszvuiiiotluyszgndlddunisieunisasy
Tuguuuuitaeusionis Meginuaunsavesszuy LMS@PSU e

1) mmsaa?wLmdaﬁﬁaaﬁa‘lﬁm'%ammwiLaﬂmiﬁﬁﬂ”i W Microsoft  Office,
Web Page, PDF %38 Image

2) fsruvndefoasszninaingou ouswduiounasiasu 1wy chat
%50 web board

3) fszvuuuunaaeu Yunstiulazianssy Msesiuszuulvinzuuud
GRGV/YY

4) drsewihnsuazifuteyalidny

5) 1Juszuudl Free Open Source flFauiuegunsane



2. YuUABUNISHUNIY9IUSIUU LMS@PSU
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1) N15+91d58UU LMS@PSU au1sattlalaeld Browser 119 URL

http://lms.psu.ac.th/ FamusnuasszuL LMS@PSU LLameﬁ’qg‘U

- L\lS@PSU

You are not logged in. {Login)

English (en) -

Report problem to : Ims-suppori@group.psu.ac.th Thursday 24 October 2013

H‘L!U-:iilﬂ"lil.‘ial'l.l'i

HOME | COURSES | LIBRARIES | e-RESOURCES | STUDENT SERVICES | IT SERVICES CENTER | THEMES

Main Menu
% LMS Training Document
ai)

sTuuInNIsNAISBaU LMS@PSU

% g&%ﬂﬁt}:eﬁfg ﬁil Demo dauirmiagtun s viussuu LMS@PSU
[® Teacher's Manual o [Student] Bifinginiamadouly My courses
[® PSU Knowledge Bank o [Teacher] miﬂ’an'ﬁﬁ‘uﬂmmmauaﬂd'luman'ﬁﬁnmnauwm
(@ e-Books o [All] flawwinns login dingszuusiiatiufu Internet Explorer, Firefox uaz
[@ e-Databases Chrome
(@ e-Journals + [Teacher] Mswedsumaimamsumansdnsiln
Find a course o [Teacher] 'nimiu'muﬂaﬂ‘nﬁnmaﬂnwl,uuunmal,mdﬂu'lm
'Fsaugébaok + [Student] manaiaiilitdieuaanain My courses
& [Student] wunhszn LMS dwduindnslvi
SPEEDTEST
-z
- -
- = pi . .

- *s* ScienceDirect

Login using your PSU

Passport ELSEVIER EBOOKS
Usemame 55102201( = 2
Passuord s Evidence-Based Selection Model
Login
Hot Items

[El Faculty of Dentistry
iy

Ge [Webboard] wavaussizidmiudaau

424 Logi EH G [Webboard) Ask anything about LMS@PSU
O8N frental =] [Alert] LMS@PSU will be shutdown everyday during 3.00am-4.10am.
] Moodle TeX Filter Glossary
nal Thai

@ Subscribed E-book Collections at PSU
@ e-| BOOKS of Chulalongkom Umversny
@ lG]‘EI.II.Iﬂ'ﬂl.IW‘EE‘iJLWEII‘I"I‘E\"Iﬂﬂﬂuﬂ'ﬂ"llli\"ﬂ\i'iﬁ'!ﬂi‘i‘ﬂ

¥ 221

Calendar
- October 2013

Sun Mon Tue Wed Thu Fri

1 2 3 4
& 7T & 9 10 n
12 14 15 16 17 18

20 21 22[33 (24| 5

27 28 28 30

Bzrlv gy

YT oI E o
@ udanianisiinm 2/2556

(Beginning of semester 2/2556)
Monday, 28 October

Goto calendar...

Most Active Users (this 3|
month)

W& PIYAPORN WANNUAL:: 8.84
@ KITPRASERT TANGJIT:: 8.5

W 3 weahunz: 6.94
NITCHANAN JUNPET : 8.81

& KRITSADA ASA: 6.37

& HAYATEE GHEHTENG:: 8.37
& sssautiua ioac: 8.31

ﬁ KUSUMA MAKCHOOCHIT:: 5.38
& sadusn womas: 5.89

Online Users o]

5UM 9.1 musnvessyuy LMS@PSU uagn1sidndseuu (Login)

2)

(ID wag password

e

Y

a

W3 Emmaawﬂmil,masvwiumusuaami Login L‘U’Wﬁi‘”‘UU ol PSU Passport

] ﬂﬂ‘U’]f\]“"lfﬂi‘Ull’]G]\‘]LLG]’J“L!LLiﬂWL’U']ﬂﬂU’ﬂu&J‘W]’JVIEJ']ﬁEJﬁ\‘i’Uﬁ’]‘NﬂiUWi)
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[

3) Wlaldndseuuiseusesuad Iidenteyasiedvlussuu lunuideiae

57871 332-101 Fundamental Physics | (1/2556) uansnsgy

You are logged in as SUPACHOKE PUTTISANWIMON [Logouf)

L LMS@PSU

Report problem to : Ims-

!
]

; fuigonsEoui

support@group.psu.ac.th
HOME | COURSES | LIBRARIES | &-RESOURCES | STUDENT SERVICES | IT SERVICES CENTER | THEMES
Main Menu =]

b <1 LMS Training Document
al

rUUIaN1TNISI3aug LMS@PSU

(& Moodle Features Demo = z
& Student's Manual fau w:'lmiaﬂhlsﬂ'lﬂﬁﬂu'imu LMS@PSU
[® Teacher's Manual o [Student] fisyaiznasnzidiauly My courses
[® PSU Knowledge Bank o [Teacher] mﬁ‘amiﬂ‘uﬂﬂﬁmflLaﬂghdlumamiﬁnmﬁauﬂﬁ'l
(& e-Books o [All] flegnas login Wingdssuuiifiaduiu Internet Explorer, Firefox was
|@ e-Databases Chrome
[& e-Journals o [Teacher] mae3aunaimamsuniamsdnelni
Find a course o [Teacher] ﬁn'ﬁmﬂuﬂjni‘nﬁnma‘mm:l,ﬁuunm‘ll.'ﬁ'li!ﬂﬁm
',Fsaugébook o [Student] mavhseinwhkildoaanain My courses
o [Student] wunbiszuu LMS dwbinin&nelwi
SPEEDTEST
My o - : : i . .
ke *s* ScienceDirect

[E] 332-101 Fundamental
Physics | (1/2556)

All courses ...

ELSEVIER EBOOKS
Evidence-Based Selection Model

Hot Items
e [Webboard] wdsaussimamiudasu
s [Webboard] Ask anything about LMS@PSU

A 1%
LABNUDUA
Y [*) Moodle TeX Filter Glossary
[® Subscribed E-book Collections at PSU
[@ e-Books of Chulalongkorn University
(@ wimanuwianfianmadauaTmeidIngT

e lussuu

=] [Alert] LMS@PSU will be shutdown everyday during 3.00am-4.10am.

English (en) -

Thursday 24 October 2013
Calendar =
- October 2013 >
Sun Mon Tue Wed Thu Fri Sat
12 3 4 5
6 7 8 9 1M M 12
13 14 15 16 17 18 18
20 A 22 [35[24]25 2
27 [2@ 28 30 31
Upcoming Events =

@ ruilanmnisdnm 212556
(Beginning of semester 2/2656)
Monday, 28 October

Go to calendar...

New Event.
Messages 3|
MNo messages waiting
Messages...

Most Active Users (this =

month)

& PIYAPORN WANNUAL:: 8.4
& KITPRASERT TANGJIT:: 8.5
W & weahune:: 6.94

E NITCHANAN JUNPET:: 6.81
& KRITSADA ASA:: 8.37

& HAYATEE CHEHTENG:: 6.37

[

JUT 1.2 maidendeyameiviluszuu LMSePSU Tuanidel

4) ninngUeyasedy 332-101 Fundamental Physics | (1/2556)
wUsIngIeasBeanasznia (o denisaeu uasganuulniadusiie luudazuy
Tnglusisedauleiivhdodouswaznisindoudl (Chapter 3: Force and Motion) #sasil
TuanuuardonisasuiilisznounisiFounsasunuuussoedinauiuisnsaounuy

Just-in-Time Teaching (JiTT) Tuguisau
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5) {iSguazAoiiun1neudnIuvesynA1ny Warm Up (Test0l uay
Test02) foWSEY Waz¥nAInT Puzzle (Test03) naaseuluidedesisas ngn1siadoud

A o Y a P o v oA 1 Ay a 1 =) v a PN [
VDNUIAULBN 1 LAy 2 "?NL‘U‘LM’J‘UE)LiEN‘c’JE)‘c’J‘Vl[ZgLiﬂua’luslﬂiyjuﬂ'ﬂllL‘U']I“UN@SJ’]ﬂV]?;!ﬂ GIINION

You are logged in as SUPACHOKE PUTTISANWIMON (Logout)

4
LR’IS@ PSU REPSEPIERIEIES Thursday 24 October 2013

guiiansEoug support@group.psu.ac.th

HOME | COURSES | LIBRARIES | e-RESOURCES | STUDENT SERVICES | IT SERVICES CENTER | THEMES

CMS@PSU » 332-101

ESopie g Topic outline Lol 0
& Participants Add a new
topic...
Activit (No news has
L] been posted yet)
& Forums
= Questionnaires =
@ Quizzes :::h:“".‘g g
[E] Resources
@ Twilamans
finm 2/2556

Search Forums o] (Beginning of

I:l e . _ - . semester 2/2556)
Aufdauiug LMS@PSU 3r#@ndMugiu 1 (FUNDAMENTAL PHYSICS 1) siiafian 332-101 Mondzy, 28
Advanced search @ o October
E Go to calendar...
o A New Event
e o 217 dszaruanianatsdsznaunisaau e
& Grades
JQAEB%&‘MS wmau 1/2556 Recent Activity I
ronie

Activity since

C# News forum Tuesday, 22
% Course Outline Semester 1-2556 October 2013,
08:50 PM
¥ Test0? Full report of
& Test02 recent activity..
W Rt Nothing new
B Uszmeipzuuugaunanama 1/2556 Puzzle since your last
szmatmill g wdnindnwnsia 49-62 login

gﬂﬁ 4.3 i usNYeIT183YT 332-101 Fundamental Physics | (1/2556) Tusguu LMS@PSU
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6) HisuuazARInidun1nauYAIIy Warm up  Heieiudeddiufe

Test01 uay Test02 noun1siseulutueu uanwiagun .4 uag 4.5 Auaey

Ve wem Rogged on LI RUHONE U TESAMSEON
Mlegaad]

1* |
il LMS@PSU Fiaport probiem to - im- Thursday 24 October 2013

wutison i ndeud supporbgroup_pewse th

WOME | COUREES | LIERARIES | s RESDURCES | STUDENT EERVICEE | IT SERVICE S CENTER | THEMES

LMEOP U b 252981 b Galzzes b Tesi b Alenpt 1

il § Resuls | Presiew

Preview Testl1
[ £2ar again]

Moke: Thils quitz I ot currently auaiibie b0 your shudents

=

ApauF furhr A e R puif i et dueg 100 Fleawirptlig Eu_fq;ﬂmwﬁrﬁhﬁﬁw.%nq;ﬁ &0
Flacmsrnfile = witemhratcfirefudund e

40 kmyh

|

Choose one A wiEmEn NS o e nunnaTinowd i T ussuEnn T

ENEwE b afndfntnisrin o n it eI v sioanit
2 wfsEmEnnivisio oo n on e annna
d wisEmEnnii ottt on bz eeiodoun
& simnnthiodvaiu

[t ]

P Frifein 200 ol rnee R ruiin wnEran Do iR Bt el SR e Frid T T
Choose one 2 7w 0 Tvlfu Vg
S bz O e Aadu
o e 200 i Aides
d. wurvm 200 G FidE

& smnmthundeiu

[ S witinoor submizing | [Submin sil and finksi |

() Mate Dem fr i page

3‘1]17; 4.4 Test01 \Jugadinn Warm Up wuudiaden (multiple-choices question)
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Test02
fnAniiraydesasuyAda 3216 1 Axwuiivn

- ] r . al r -l ol - i | -
1 lumsiuvmseasnuaimaziaans mnmuaimalidaeTaoud medauivial adwls? (akuw
wianimgralsnay)

kexg

& - ' v al ] r' - - v ol v - o - | - - ] »
+2 wannannantliimaguununuavnavgadaineaaunasdaninad 2 wesiaind dandatlivgaaan
- [ v = ral ] ] & s - ] -
nnfinuadanLE) WnusaneinsiEanaa luide ludausiduaimd (fweuiasainaa Wauany
" & r W
tnnzay wiaumudain A anidta)

—

fdg

- - A a al - _ r = Iy v
+3  Tnugaomdiatutiatullruamatuwui degaundaiu ) laugigaaennauann malifnsaowsdu
al ] Y al
amA amusnaThEagnuild e
al - = ol ol
1) wasngaunddamanaaaundull
al - 1 sl 1
P s IR IE BTN ERIREET]
al - - o al
3)  waEVRALMULAMANAREUNGIIN

jhkih

4 fanslassunslasaannaeiaduiianugs 5 Alawesnnilan dasyiwnsaanih liaedauian

S ol o & e - - al o Iy 3 ' ol -
ANMSINAuAEERD 5 Wasiunit2} m.natlaﬂuﬂwwﬁi‘wnmﬁnaunm‘:{aawmﬂumﬂa? usanagzyhe
nandianudniusinaraninnslaasuain1s? (Amuamarainas=laasua AT NMINEEY)

SUN 4.5 Test02 Lﬂuﬁmﬁwmu Warm Up wuuuneInuwazni1suseunad (essay and

Y

estimation questions)
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7) NAIANUUNITLTIUNISADULTIUSDUWAD HE3UUILTADIAILTUNITADU

Y

YAANM Puzzle Fafe Test03 nausgunglunaNmuun uanInagun .6

Respondent: NATCHAYA TONGNUAKHANG Submitted on: Menday, 24 Juns 2013, 02:41 PM
Testd3

1 dnadmbudiiduinfusauaunudisunimne 10 dadu wandneuatbimiaud ldneduwiuuiubudeduds
al e = - al, w v - = e - o el .
71l sasfmdvsiduanadauililduwihmedanad 5 wassind susaaiusdninshdadu
. e - i -l al . | - - - ) .
witle waninafsthuitruiiasedauisaliladinls (eEnoniaugsimsdwanlsznauaudi ladaudaf

ol . P T & a_ . a . -
ussanefaszvhieain 10 didu dnadshuitauiaseaaui e wanz I.I.'i\'lFl"TFﬂI.\"ﬁFlllI.I.‘i\lﬂﬂﬂ‘im Tanilus
= P o =

fizenda wniltnafebudiiduidueasany uasusil§AznAawsd savmnunsyhsauihuasinafadud

wazfAvIzaIATIE)

. - - - - - o e  m = - - s - - o '
+2 | paaaluwiswia 1 Alanfuganedalifuatsaniadaduchauniaruiudssauvihyy 30 asAAuiuny alsuEn
. - & & - - Y - e e - - & - al .
naarbilaatuldvunwdsidisden 20 wesaaIui™{2} dgl sunauamideausians luwwnuasinsaiisa
. & - - al & - o+ al ' ry - al = -l ul = |
nanstullsazmanadaunduiudo, agisumninlasiwin waznasimanaaauinauanmduamels

(aEuaniauaainsdnnalimgualsznavanudia)

3F=ma

F=in30°-mg = masin30°
Fr2-1(10) = 1{20§2
F=40N

P - | : : & e a oald K om om om il

wuia 40 Tadu firvasusmans lunwinmdssinssvhdanaaluvlnacmanaaaunduiudbs fa fatu Uuagn
. - 2 . =
BﬁI.I.'ll'l.hlﬂiIWHW'I.ILDH\Iﬂ‘TIWNL"T‘II.'ﬂHH'I.IEI AREIATHEAUD

al - -l -l e
waznasNAaAREUNNAURIN
iF=ma
mgcos80*-F = ma

10/2- F =120}

gﬂ‘ﬁ 4.6 Test03 Lﬂuﬁﬂﬁﬂmu Puzzle (opened-end questions)

8) lun1smauauiiagndinin Warm Up wag Puzzle vesfiou ndsann
aiun1slsunanirnevasiudedlddneudmiuteasunuuilgunaunaziiond1neoy
dmiudeaaunuumilaeniseusesudl Hiseulznesdemnauidngsruulaenaly “Submit”
(egduansvaantiaslunisneudinuusagae) nnase Wedugatmunnalunisney
Faumnau faeuasyiinistaszuuiiietestunsudludineuniondwesd oy ndsaniy
Haouagdiumsnurudneuimuavesoudignisuiumsinnesiuasdangudinou

nlavesiseuneiilugnsidedely
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AMARNUIN .

WHUN13INNTTITEUIAUNTHBULUVUTIENE (Lecture method)

finauAZn15eauULUY Just-in-Time Teaching (JiTT)

AMY INYIANERNT 378391 WANdNugIu 1 (332-101) 32U USuy w3 (Tudn 1)
VONUWNTITYUT UIUANITARBUT a1 2 il (2 A1)
1599 NYNISAFeUNURItIfiuteN 1 way 2 AABeud 1 YnasAnen 2556

¥

1. mmg’mmiﬁ&ms

a % )

MINNINTFIUAASTEAUYS Y93 a1V INeranshasAtinans w.a. 2554

9

[

2. d13zdAgy
thsulddnwinisindeunvesinguaslaausngnisindeunvesinglussuulianude laun

(% [

ndedl 1 (nuasAdaaey:  Inertia):  10QazdensdnwranInnisiAdauiiay
(=anuden) Litnvzngadavseindouiinienuisini dussansnteueniiuinsziine

Fogludugud (Y F=0)

(% & (% (%

nndafl 2 (NVeswse: Force): dnflusaansnreuaniibiwiiuaudunseyidedng Jng

[

Y
AT NMYBIAIULTEAARLITUTATILTIENS TngusadnsiauviniunaauuedLIa

fuAsswesing (O F =ma)

= o [

nndail 3 (nuasiseuazufizen): iningaesiouindunsisendeiuwasiu b

[

#

- Sh
5D

naunnilainseiiseingnouiians (W5aRSe1: action) FLLUVUIAWIMATAATIVINAULTINTAY

q

[

nouitaenssyisieingnounuila (usaUfnsen: reaction)

3. HamsiseuinAAne
HaN13ITeuI AN

1) venmnumINELazeuEngNstAdouivesiafuted 1 uas 2 1¢
2) wilanddgmilAedestungnisindouiivesiisuded 1 uas 2 19
3.1 gauszasAnIsEeu; (uanud)
1) dndsusiuiengnisiadeuiivesiafuted 1 uag 2 16
2) thidsueSuenaiinanngmsindeuiiveiafuded 1 wag 2 ¢
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3.2 9aUsasANSIIBu; (AunszuuN1shAn)
1) ¥ngnisindeuilvesiafuted 1 waz 2 eSuiedediaungnisaily
FAnUszariuiifeadodls
2) wilangdgmnsdunanieiungnisindeuiivesiafuden 1 uay 2 14
3.3 gaUszaednsBeul (Fuenai / quanvasiiiaszasd)
1) fianunswionan
2) ferwaslaGounarufohnu aufildsuseumne
3) danunseheseiunazaulalunsisiufanssunisiseunisasy
)

il
4) Iuduiusnauazlvinudlsimislunisinaungy

D

4. d152n13iFeu3 (Wawn)

wos louwa T8y (Sir Isaac Newton) Wutnadinaansyidsnge ialu U a.A.1642
TdufirealunmansuasnlinUsehugng edavssenivtinasviouua (Reflecting telescope)
Wemniwuieruadedn “usseglnibinaueulannagnunuuavuseslss wdmsinulan”

Paasdumariinvlugnisrunungnisiadeuiidify 3 1o (@msuununisdanisiseui

Uauaillonvadng 2 Jousn)

3UN 1 wes lauan sy

nUan 1 Yasiiafiu: NYVRIANNLRRY (Inertia)

= a a v [
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Y
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(% L% o w I

fisegatatiu widninguumiaaundeuimeausine (a = 0) Admundeuiinisninansd

q

aafisialunsulaussansaeueniiandugud
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U TuAe
F, = -Fy
‘ y

wneesans (R) Wunasiuveannmesisaosazdawindugud ozl

R =Fi+F2=0

Wodngagluan1izauna (ANINFAYN) NaTINVWINABTANS (R) YOIUTWINUAILAD
wihitugug
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Gl =1
Y39NAD

> Fc=0, > F=0
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q
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bINTINUULAU X Gk ZFX = max

uMTmUMNu Yy Ae D F, = ma,

usadwsiinssviwleng Ao D F= D F+) F=ma.+ma =ma
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tufe Y F Wuussdndqdfinssshuuiaglussuutiuies
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5. ASEUUNITIANISITEUS

AR 1 (1 ¥3lu9) : nnIsiafaunvasiiadutai 1

5.1 fuindrgunieu (nszfuninuine / $anwusule)

1) fasunauonguAinevvosfisoudildainyadiany warm  Up  Tuszuy
LMS@PSU nihiudeu dejaeuldnunuuasfanduimeuilifomniionansisanuiifa
vosj3suiindanieunsdeulufuSouintuidedes ngmaedouiivesiafuded 1
nioumaneiulSoulutuFouituliymitnuainygadiain Warm Up

2) faounuiineuluduou odunsindrgundsudes ngnisiedouilves
Tnsuded 1

faou : “tnAnwiAndilumsdseiueanmadisaaingiuuulaneonlugeaniety

v 1

a o A 1 o £ a = ° o w A -
WAnwsInseyivsell ﬂJiLlSVIﬂ'WEN?N87Uﬂﬂ1ﬂﬁ]ﬂﬂ§7ﬂ8<‘lU‘L&Iﬁﬂ, VUENYIUATITIVATAIAFDUN

d153veglueima wazvaeiannduawndilan wazusavaiupeaunstezlsUne?”

=

AABUNIAATIELTEUILABY FB LALSINTEYINFRETLDINTA fail
yaughmasdieuduluaingiudauulan laun wssduAfauaInNgoindnasis

S apR

i o o w o A o [ ™ o o gy
YurNeUaITINaLAdeund15I9eglueInia Liliusenseyi (e1undeunaieg
< A v 6 o & ¢ [ } % o 1

ANUSIALT wssdnsnsyyiduaud wazegluan1ielsusaliduaisluainie)

Yugannauasundalan laun wsalduans

3) faouinifvien] (video clip) TwdouanlifiSouldvn Heatu nsdssuednie
F151991ng1udsuulansenlugodnia iledaunangiinssunisindeudivesinglunsdlsig
ndniugaeussiinmagioudnadaeatuinimidldely

faou : “mneavIRlefinAnuldvaludy aguudadnAnumAniinsdeuoine
dmnngiuvulaneenludioaniaiu Aausensevimield susiididsdesuduldan

gdeuulan, vaneudnamaundeundrsivedlueiniea uasveannauaundslan?”

N

AmeuUNAAISEuIEARU Ao (AImaurIsiudgululunieignaedundu)

Y

1) faousSuieiinAuiiolvgiouAnauaulaluiFes ngnisidouiivesinduded

1 wagthidhgvntedAnyidosdnuseazidoasiely
“pinisdmeulugadionm Warm Up fuanslu wieuvisinleadudildauludy
wansliiudengAnssuvesnandeuiivesingdunieardesdiuusenseit nslundaguns
Pranalumsindouifiuanseiu asnuiterveiinielifiussnseildshemaannginssy
Tumaindeuiivesingluvaezdu 1wy vasfisueameagnasduaing udsuulan s1dudosd

wseduimdauIINaLnaslunsiafeunvuiiosiafuksdldunlninseyidesulufifag
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= 1

U 1ananniia) waziloeueinirasaantugoinianas (Hunaninwseliuiq) vaed

o w d‘

mauadouieglueiniaaznuinhifusainseinlag desuilonineuafouiinieninmss

(Y

Al ussansnszvindudugud walennnaduundilandnasinuineruasiaioulinnnauun

'
[ YY)

melsussliuaisdnasmislufirasgilosdns sviuldiussdidndunzdoainuiuing

=b

A )

MasadeunauelUtues Fanginssuiraidaiunsnesuiulamenannisveingnisinaaun
vo3iafiu Aunulay waslausa Tidu NneiSauiuuidwelussautulseufnwinsngy

wuhtnAnwiangaudiastianudilaiinegainnisaeudiaa Warm Up 8nnsiidesiangn

% [ & o v = =2 d' d' a a aa 6 A 1
‘Ll‘ULUUWU@’]U?{’W’]@WUQIUH’ﬁﬂﬂHWLi’eN LILAENITLARDUN YDAV INENANUFIUDYIIUIN

)

a

AaiusRzuhaudilafgItungnisiadeunvestiany dmsuaiuiazvaisuainng e
1 new Winfnwladmnudilaiigndesdnian”

¥

5.2 YUNISINNANITTUNISITEUS

Y

1) fasuthiausdonmiwnelusunsu Microsoft PowerPoint UsznauniseSue
Tutadioides ngmaiadoudivesindutod 1 wieuiidamamiteliiiFousiutusansaniu
Anfiuavaiumedmiluiuoy

faou : “wnlussuuiisaulaiiingFuninsiseglussuy dhAnwidnining

Futlaziinnsasuwlasanmvsenginssuluaniaulamiela?”
AMRUNAAINISEUITABY Ae Waduswnsyynadngiul (Jaeusiursiiiuiy

' Yy v
o a Al

a = o ® 1 a d'
mnnsalingduilliinsnnsgyihnaglilnansiasuwdaslag)

)

w.Y = a 1 <) Y A 1 [ [ 1 dyd o
gou ;. “UnAnwidanindululavselal mindnglussuudendiiiusanseii

e

[
=< [y

Andu widngdinsanunsoegluanimdnld mndululdasfntuldesels?”

AmaufiaInigseuasneu fe sTulvld lngusiumseviineingduidvianun

9

ghpuANNaTILMTIANEI DU vedadrvuudinesnwianImauls
daeu : “Tunsalinglussuumauniioun mndinsnasmsiiingiadouniuuuiay

soly dnfAnwAniningazsndouiiednls wazliodnssuudinaidiusanseyimselsd?”

YA =

AReUTIMAINESEUAITAOU Ao Thguaindowiinigensusinsen s ianaue

(v A962) Inediodrszuudussansnssindugueinuiu

2) fasutiausuarasuifsrtungnaiadeuiivesinduded 1 wieuvisaunsly
fiEpuiladnass mnduiiauenadneuiildanyadiniy Warm Up ifeatudnudnnaosls
vuiusuufiouansnnudlaneuSeuiifasvosdsunmwoniiinsginudleiad
Ay
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3) faoutiauedenisnaasaaiioufsaiu ngnisindouiivesiafuded 1
yanundnnguuiusuninduieunsouseiinieifudedinanlfgiFoulddnyn
Ardiaent uazafvusetuiilututou teuflvmnudnlafinfifinduvesdiFou

fiaou : “aindomsneasuaiieuiingasinausliinfnulivusdolud easld

wsssdnnspiendadluniefinnseguuiiuduiiovlidesiisaanainnaasluil Wninw
Andndesluiaziingnssurelegidls?”

AmeuiiaeinfiSouazney Ao Na8I0XISUAROUTIINUTIHANYEIAY UAZNADY
danasnmanimmsmdeuihudunsialy

daou : “ilovdesilelvindoundeudiveluud dnAnwAnindusdanseiide
naasluisnviela?

AmeufimnindiSouszneu Ae Wenuvasedonanainnaauss vxluiusilng
nsvvidanasdluisn

n¥sntufasuinauenadneufigndesuesgi3ouanyadiny Warm  Up
Tunsdifermanuiidnafomils

1) faouriiauedonmiauaznmadeulmemelusunsy Microsoft PowerPoint

Aeafutagiidduaiouiidreainuiinei ndeursesursainuduiusluideaunisi

appAaedtuNgNIsAeuvesiinfiuten 1 fall
Jaow 1 9ndenindinand dnAnwiagnuindlesavisdesdunsiidunioud

F8AUSIAIEI UL ULEURTT (1 0R) Agvililadn

o w € - AV V2 —V1
INAITUANNUD a=—=
At 1t
o - dv . Av
NI Aingt =—— = 11N ——
dr =0 At

Uufo tledngLadoufiaienl1uLiiAadd 92nU I

v=constant= Av=0=dv=0

o v 4 A4 o - o o v — - dv
‘U\‘](ﬂ'ﬂﬂﬂ{]ﬂ?ima@u‘ﬂLU@QG]‘L!“U@Q‘L!'JWU "USVHIWJ'] ZF =ma ZH’I?:O
t
% 6 1 =

daln Y F =0anuduiusdendn de “ngnisiadieuiivesiaduden 17

Fananlédn “fonazdinsinuianmnisiedeniiiy (= arudes) liiiegugadanie
\ndouiidhemnuifinei 51"1LLﬁqé’wémauaﬂﬁuWﬂizmeiai“mqﬁgwﬂu@ué" tules

5) ndufaourhmaiauedenmiseskadineuaingaiay Warm Up iiigaff
snaesfuiifdundeuiidasanuitiaei teedumouariesesisusiutugFouluduiou
Mnuailddnadmidafofumuduiusseninusdnsiinserhsotngiimduadeuise
Al Beuiinudiladigndes
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daou:  “dndnwraznuindetngitduadeuninieaiusinsiiainila dng

' A & Y ' v A ' & v eal °
N ﬂ%EJ\‘imiﬂmamWﬂﬁLﬂaauVILUULaum\‘iG}@lﬂlﬂLiaa“] LLAYELUUITLINANETNNIENIND

e

IS I ca a

npuusiAduaudauauduiusvesaunisilawanslunauntil wenanilusdnsiia

Re e

[%
[V Y] Y Y

JuiuTnguulilfivdsuulamdesniudestivuanunuiiwesing dude usslinusdu
puAaaeeing uirzuUsiumuaswesingduiuluaungnisindoudivesddu
foil 2 @ananluaudaly) tues”

6) faoulifiFouliniauaziiameilanddgmndoutuludubou Inefaounasly
Fuuzih 05118 uareduTesuddlutusuienumuasfinarudlannidomiizeu
UBnadmismauluaudidiouniiinanmanssuy LMS@PSU

5.3 %uaﬁﬂi'mua:a@ﬂ
1) faouaasinouvasiaognslanddam udsnduduanmdifouisatuides
ngnaadeuiivesiaduded 1 iensnaeuarudilaluieauiFeusnadsdeunisagy
gAY
daou :  “dnd@nwifadiminisineanisiiinglussuudeasedluaninmie
‘anﬂiiNLL‘U‘ULﬁNﬁ@Uﬁﬂ’]ﬁlﬁiﬂUL%;’EJEJG] thumneamingdedhifiusdeq wnsevivdeiagly
szuuvenslavielid?”
MmeufinnindiSousznou fo Wl iaseinlusyuveredusinseviaiaingls

e e

UAMINAATINYDUSIN TV I sANS ol svansdnniugud Tagainariesdimsshwanimay
soluliiues
2) gevinefiAeuatifianiusiauAnsiusenveadosngnisindeuiivesiindutod
1 WifugiEeudlansstusisiuou
daou . “andefinausly dhd@nwaziiuldimninggnusanseyi fngay
indeudiluluirniamuuuiussdws wu naesgnilondn avilsindesadeuiingsludrevih

Y

PELSINENANI TN WIIdUNA (contact force) wuLod waziilafansanlunsalluiingg

[ '
=4 A A

Foanula Tussuu wu TuidAeiuau nassazfinssnwianinmdouiidudunssaoluls
win9zUansnanioananiafudnLalfnunanfesedulaualy fatuasnuln wssldle

Indusanissnmanimnisindeunivesinguilen mninguiluafouifnednsniinndaiu

L] & o

A v [ ! [ A A g 1 V1 a
ﬂ@LLiﬂaWﬁLUUQUEJ Ft) \‘iﬂa’]’lzﬂgﬁ’mﬁiﬂiﬂﬂ’]ﬁﬂﬁ‘Wﬂ’]iLﬂa@‘u‘VlLUULﬁumiﬂl@@]@lU WERNTIN

4
S d'

Aanatinee nYnIsiAfeuvelifulen 1 39na11i1 “Ingassnwianiievaais n3e
anmulAdeuiiogainaneluluILEUATY WENIINTRIENGUINTEVIN” Hied

3) HapunsunineuuuiniauazlandUgynuieriungnisiadeunvesianuden 1
lngldliluszuu LMS@PSU wislvidseularnianaaseu
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ATUN 2 (1 Y3L9) : nMIsiaRauNvasiiafuden 2

5.1 udndrgunisey (nszquaun / 13anudaula)
1) gaounumugiseufgliuisesngnisiadeuvesiiduden 1 nladnwiluluay
MdIlAgdUaUANUFANIINATUTILTI UL LT oUBNATY

YV a

2) NﬂBUL‘UiﬁJ‘UL‘VIEJUﬁﬂ’]‘lJﬂ'ﬁm‘VILLG]ﬂG]’NGU’]ﬂF"Ii'TWILLa’ﬂ‘WNLiEJ‘lJl(ﬂﬂ(ﬂ’JLﬂi?u%Wi@ll

Y
sasonutufiFouiletidndidomiFesngnaadoudivesiadudod 2
Jeow: “ongdsuiinieauianed tsnanliiningluliusadnsnszii

< =1 ) VY [ [ d' d' a 1 ¥ 1 d' a “d a' ¥
JugudIailningdinsinwmaninnisinfeuiihusdeluls willeAnlufgasuduresin
sananddnAneAninduedsunlamsvesls?”

[

AMBUNAIAIELIEUILADU RO TM9AUTINTEYT LU UTINAN UTIAY UTIAIN

)

gy

faou: “mnduduiuugds fngdndnazndouiidrsauineiniola?
agals?”

Ameufieningiiouazaey fe i TgozinasuiinenInIse (MUasULYAS

AIMFIVINSUTUNEN U TR IS meUYAE)

3) ﬁaauﬁﬂLauaﬁamwﬁaLﬁmﬁ’uL%'aﬂﬂgﬂﬂiLﬂﬁauﬁmaﬂﬁaﬁu%@ﬁ 2 wiowasunulu
WS Syuilednadvile
faou: Faduudnsnanldin “diussdnsnsuendluvnfugudinnseyine
T01) T95 AU ﬁﬂﬁuaammLiaﬁﬁﬂtﬁmﬁ’uﬁmmLLiaé’wé ImaLLsﬂé’Wﬁ‘ﬁmwiﬁwaﬂm
YANANUAIIUIIVOLING asiiRde ﬂgmimaaummmmmam 2 sz ﬂﬂ@ﬂﬂuiuﬂﬁuu
4) uaﬂmﬂumaaumLauaﬂammmamamaauwlmmmmmu Warm Up 1304
mﬂwqﬂmuuaﬁuulﬂiummmt,mm Wiauﬂuvgmaﬂu;3Liauiuﬁnul,saumsnﬂuﬁgy,m‘mwu
NYAAAIM Warm Up f9nana
Heou : “ginmneuidaunainrasdsldandndne warineulnaziu

Anauiignses Asllanunsaladeadaiulidn@nyiliaszvinseuiudnasimily”
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5.2 dunsdananssunsiGeus

1) i{aauﬁwLaua?iamwm?{aulméfwiﬂil,t,ﬂim Microsoft PowerPoint Usgnaunns

osungluifoiies ngnisiadeuiivesiinfuded 2 \Rerduanumsainsleugnueatululy

IN1AULARY WiouTaRaRnieli FoutnfunansauAndiusare iU suduluty

Seu

faou: “ieaislvugnuoatululueiniauuiis dnAnwiesunenginssuiiay
Antuselundsnilaegls”

Fnoufimaindi3ouszaey fe (ognueagnleuiuly gnueavsindouiiauly

Tnsveznilvruiaangigaiignueaindauiuly vaiaintugnueavssnnauasunyumL



78

a

faou: “mnduduiuudy Weisuenfinnsandunsdamudnvugnisadou
vognuea iud Maundeuity, n 9ngean uaziiduadoudias dndnwAadiluusagnsd
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FneuiieaingFoussaou fe wiasnsdesiusanseviwognueadail

vassridundouiou: usdeu uas usaliigas

o gagegn: usadugud (dosaningueanisindoud)

vasziaundouTa: Usaliigag

daou: “wazmndudaniindneinanun Waswenfinnsanluwsagnsduuuiiy

ity dndnwAndluisasnsdignueasziingfinssuninadoudiduseals?”
fnaufinninfi3ouasnou e uransdlgnueassinginssunisindouins
vz Idundouitiu: gnueatzase’ 1AFoUTT1ae
o/ 995999: gNUBANYATIS
vszIdundouiias gnueasseseq indouilisidu

2) ntiufaeuiinisasudmouiildangiFoudnass wioutueiursuszney

nslFonmadoulmilifFoudlafefunmaedeuiivesgnuoassegniedvaidnadmils

faou: “andmouiiindnwmeusianan uandliifuindndnudinadqladn
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Wasulumuussinnnsgsiviegnueadeduiudegiunuiiivesingdndne duinduni
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pre-and post-class model states of these students, taught by traditional lecture-based

Introduction

mean score proved by the paired t-test at 0.05 significant level. To illustrate the overall imp
gain and found the low learning gain (0.12+0.02) of these students. Moreover, it wag found ¢

the 1* and 2" laws of Newton. We then analyzed the characteristics of these stud% mental m
of the model analysis technique. Based on the largest eigenvalue and its eigem‘em?s well

thods, we

The model analysis is based on the matrix mechanics of quantum
physics. It consists of two algorithms: 1) concentration factor used for the
test analysis and 2) model estimation used for investigation the students’
knowledge states [1]. This study focuses on the model estimation Jt is
useful in analyzing student’s knowledge states in large classes with well
designed multiple-choice questions. Its results will introduce instructors in
ways of plans and designs the instructional materials for classrooms.

Materials and Methods

1. Data collection

The data were collected both pre- and post-instruction of traditional
“|lecture-based classes from 420 science freshmen at PSU in 2012 by using
Thai version of FMCE. The participants filled out 43 items of the FMCE,
categorized into four-cluster contents (i.e. velocity. acceleration. the
Newton's first and second laws and the Newton’s third law) [2]. for 30
minutes.

2. Model analysis

Student understanding of a given concept depends on contexts [1]
The different common models with context dependent defined as the
mental model states mn the model estimation of the model analysis. Each
common model 1s associated with an element of an orthonormal basis ( é“ )
in a linear vector space. The responses from a single student are used to
construct a student model state with a vector of unit length in the model
space (u ). For k™ student in a class is shown as:

m (0) Jn_
10 1 0]

N E g NERSE S === S oY 13 IO
lo) 0) \U Vi |

where W is the whole common models for a concept. n ,n.and nkrcpl esent
the munbers of the student’s answers corresponding w. 1lh Model 1, Model 2
andModel 3, resp ctively. The m represents total questions in that ¢

The individual student model state is used to cons t a student
density matrix (D). then sum and divide ,lt by numbers of all students (V')
to\htam the class denslty matrix (D). K

“The moder'mal\ jsis results foeus
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Abstract

To examine students' conceptual understanding of forces and motions, the Force and Motion
Conceptual Evaluation (FMCE) test was administered to 420 freshmen (18% male) of faculty of
Science, Prince of Songkla University (PSU) in year 2012. These students, enrolled in the fundamental
physics I course, were asked to determine 43 items of the FMCE both at the beginning and the end of
the conventional classes as pre-and post-tests, respectively. For the FMCE results, although it was
displayed by the paired t-test at 0.05 significant level that the post-test mean score (13.054+7.44) was
greater than the pre-test mean score {9.03+4.00), most students still held misunderstanding of forces
and motions. To illustrate the overall improvement, we have calculated the average normalized gain
(( g)) and found the low learning gain (0.1240.02) of these students. Moreover, the results have shown

that these students had the lowest learning gain (0.06+0.02) on the cluster of the first and second laws
of Newton. We then analyzed the characteristics of these students’ mental models on that topic by
using the model estimation of the model analysis technique. Based on the largest eigenvalue and its
eigenvectors, as well as the model plot, it obviously revealed that both pre-and post-class model states
of these students, taught by traditional lecture-based methods, were still in the misconception state.
These preliminary findings indicated that a more active instructional approach is required for freshmen
physics lecture classes.

Keywords:
nnalysis

Conceptual understanding, misconception, forces and motions, normalized gain, model

factor and the model estimation. The concentration

Introduction

The evaluation plays a significant role in Physics
Education Research (PER) as it reveals the students’
prior  knowledge, as well as the students’
improvement at the end of classes. Generally, class
quantitative evaluation by using the research-based
multiple-choice tests in PER is such statistical
methods as t-test, and normalized gain.

T-test is a basic statistical method for comparing
the difference of the two mean scores at any levels of
significance. On the other hand, the normalized gain,
developed by Richard Hake in 1998, can be calculated
for demonstration the student's learning gain in a class
or a given topic [1]. Both former methods do not
show the students' mental model state of learning that
will be of benefit to instructors in the views of guided
information for developing proper teaching and
learning processes for the learners.

The model analysis, founded by Lei Bao in
1699, has served this advantage [2]. It is a new
evaluation technique in PER, which is based on the
matrix mechanics of quantum physics. The model
analysis consists of two algorithms; the concentration

factor is used for the test analysis by determining the
distribution of students’ responses from the multiple-
choice instruments. The model estimation is used for
investigation of students’ mental models as the
students’ knowledge states.

In this study, we focus on the part of model
estimation. Since several physics education researches
have disclosed that numberless students have
difficulties in identifying the correct answers when a
similar concept is presented under different physical
contexts [2-3]. Students’ understanding depends on
contexts of questions. The probability for a student to
use a concept to solve a question is exposed by the
model estimation of model analysis. The model
estimation presents both the students’ misconception
and the students' mental model state of knowledge. Its
results will introduce instructors in ways of plans and
designs the instructional materials for classrooms.
This method is useful in analyzing student’s
knowledge states in large classes with well designed
multiple-choice questions.

To evaluate students’ conceptual understanding
on the topic of forces and motions, this study will
utilize the model analysis technique. The collected



data are from science freshmen at Prince of Songkla
University by using the Force and Motion Conceptual
Evaluation (FMCE) test.

Materials and Methods

1. Data collection

The data were collected both pre- and post-
instruction from 420 complete responses of science
freshmen (18% male), Prince of Songkla University,
enrolling fundament physics I (332-101) course in the
first semester of year 2012, by using Thai version of
FMCE developed by the Physics Education Network
of Thailand (PENThai} research group at Mahidol
University. In the physics classes, these students were
taught by using the traditional lecture-based method,
including some physics animations from academic
websites. The participants were asked to determine 43
items of the FMCE for 30 minutes. The FMCE is
categorized into four-cluster contents, such as
velocity, acceleration, the Newton’s first and second
laws and the Newton’s third law [6]. Each item of
FMCE is a multiple-choice single response question
(A-H). If students consider that there is no correct
choice, they can choose choice J.

2. T-test and Normalized gain (g)

In the study, we use t-test to compare the
difference between pre-test and post-test mean scores.
Because the pre-and post-test scores are from the
same student, we select to calculate the paired-
samples t-test as shown in the following equation:

¥

M

Hels

where d is the difference of average scores between
pre- and post-classes; §, is the standard deviation of

difference scores; and » is number of samples.

The normalized gain is use to evaluate the
effectiveness of the instructional tools by measuring
the students’ learning gain. It is calculated from the

ratio of the actual gain ( (G)) and the maximum
possible gain ( (G)max } defined as:
{e) = %(G) (%<Sf)_%<sl))
87 oy, (100%-%(s))

Where(g)is average normalized gain of a class;

2

(Sf>and(S,.)are class average scores of post- and
pre-tests as  percentages, respectively. The
interpretation of (g)values has been divided into 3
levels, namely high gain ((g) 20.7), medium gain
(03<(g)<07), and low gain ({g)<03),

respectively. In general, an active learning method
reinforces students’ learning gain into at least the
middle level [1-2].
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3. Model analysis

The theoretical framework of model analysis is
based on the scientific researches of cognitive science,
neuroscience and education [3-4]. It utilizes the
qualitative researches to design the quantitative
parameters. The part of model estimation of the model
analysis aims to model students’ knowledge state for
a given concept. Based on several previous
researches, student understanding of a concept
depends on the context [4]. It means that, for a given
physics concept, students may apply a scientific
concept to solve a question with one context, but they
may use alternative concepts to answer other different
context questions. Therefore, if we use a set of
equivalent concept questions, designed for a particular
physics concept to activate students understanding,
the probability for students to apply different concepts
in solving these questions can be measured by using
the model estimation. Its diagram is shown in figure
1. When a student answers a question, the physical
context of that question causes him/her to activate or
create a certain model.

—2 | Model 1
qz
2,

|ml—’ Activations or Model 3

Creations 2

Gw

Figure 1. The diagram represents processes of model
creations. There are a total of w common models in
solving this problem (i.e., Model 1, Model 2,...,
Model w). The qi, qp,....qw represent the probabilities
for a student being triggered into activating the
corresponding models [3].

This process is analogous to that of quantum
measurement [2-3]. The different common models
with context dependent defined as the mental model
states. Each of common models is associated with an

element of an orthonormal basis ( eu } in a linear
vector space. It can be shown mathematically as:

1 0 0

% 0 A 1 - 0

2 g VR el R Y ®
0 0 1

where w is the total number of common models for a
certain concept.

The responses from a single student to the
research-based multiple-choice instruments are used
to construct a student model state with a vector of unit
length in the model space ( |u) ). For example, for one

concept with three common models, the model state
for k* student in a class is shown as:



ﬁ@*2®10

Physics Society

& )

where #,n and n represent the numbers of the

k"student answers corresponding with Model 1,
Model 2 and Model 3, respectively. The m represents
the total number of questions in that concept.

The individual student model state is used to
construct a student density matrix (D,), as show in

nf‘ nf’ni‘ N
J PN L

For the entire class, we then sum the student density
maftrices and divide it by number of all students (N )
called the class density matrix (D). It is the average
of the individual students” model density matrices.

b i i
N
D-=3D -\ A i ©)
=]
‘ N

Then eigenvalues and eigenvectors are commputed to
show the students” distribution in each common
model.

For the presentation of these values, we will
create the model plot. It is a two-dimensional graph to
represent the class use of two models (correct and
incorrect) [2]. It is displayed by using a large
eigenvalue (> 0.63) which established the primary
eigenvector to be represented as a point in a space of
graph. The class model state is expressed by this point
and shown in Figure 2. The primary vector, denoted

the following.

D, =u, @] *|“k><”k|

T
by v, = (vly,vzy,vw) with the large eigenvalue 62 is

a point on the model plot with a coordinate ( 25 2)
where F} = ajvf# and P, = ij;u [3]. Each region in the

model plot can give information about the class model
state In each concept, which model 1 as correct
model, model 2 as incorrect model, and the middle as
mixed model state.

1.0
/
058 e
Model 1 ~
i | Region N
= 0.6 \:
= .
3 Mixed Model™._
= 04 Region
L]
(P, Py)
0.2 \ ~
Model 2 Regioh
0.0 T v T T —
00 02 04 0.6 0s 1.0
NModel 2

Figuare 2. Model plot and model regions [3].
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Results and Discussion

1. Results of T-test and Normalized Gain

The FMCE data were first calculated the paired
t-test to compare the difference between pre-test and
post-test mean scores. The results showed that the
post-test mean score (13.05 & 7.44) was greater than
the pre-test mean score (9.0314.00) at 0.05
significant level. Hence, these students, learned by the
traditional lecture-based approach, have knowledge
increment.

Moreover, we have analyzed the percentage of
these students in correct responses on pre-and post-
tests, and improvement via the average normalized
gain (( g)) as shown in figure 3. It was displayed as

overall data and the four-cluster concept. Total
stadents’ learning gain was in the low level
(( g>:0.12). Generally, the students’ correct answers
were less than 35% for post-test and 25% for pre-test,
with the exception of the cluster concept of velocity.
This means that these students have less problem on
that topic. Its leamning gain was in the middle level
(< g>:0.60)‘ In confrast, these students had the lowest

learning gain ( < g> =0.06) on the cluster concept of the

first and second laws of Newton. There was merely
20% correction of these students in post-test.
Therefore, we selected to focus on that topic by
computing the model estimation.
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Figure 3. Average normalized gain ((g)) and

percentage of students’ correct answers of FMCE pre-
and post-tests categorized into overall and four-cluster
concept.

2. Results of Model Analysis

This study has measured the model analysis only
on the topic of the first and second laws of Newton’s
motion. Based on qualitative physics education
researches, students’ common models on this topic
were classified as:

Model 1: It is necessary to have a force to
maintain motion and there is no such a thing as a
“force in the direction of motion.” (Correct model);

Model 2: A force is needed to maintain motion.
This model also includes the ideas that there is always



a force in the direction of motion and that the force is
directly related to the velocity of motion. (Incorrect
model); and

Model 3: Other ideas and incomplete answers
(Null model) [3].

We utilized question 2, 5, 11 and 12 of the
FMCE as the typical items associated with the
concept. Then the data were analyzed to find out a
student model state, a student density matrix and a
class density matrix, respectively. In this study, we
calculated eigenvalues and eigenvectors by using the
freeware program called Scilab [7]. The class density
matrices, dominant eigenvalues and their primary
eigenvectors were shown in the following table 1.

Eventually, the eigenvalues and the primary
eigenvectors are constructed to be the class model
state plotting on the model plot, as shown in figure 4.

Tablel: Results of pre-and post class density matrices,
dominant eigenvalues, primary eigenvectors, and
components of the class model point.

Result Pre-test Post-test
Class 0.10 012 0.07 021 023 0.06
density 0.12 0.58 0.33 0.23 0.66 0.15
matrix 0.07 0.33 0.32 0.06 015 013
Dominant 0.84 0.79
eigenvalue

_ 0.19 0.38
Primary 0.82 0.90
eigenvactor 5% -

Class model point
A vertical P=(0.84)(0.19)"  P,;=(0.79)(0.38)*
component =0.03 =0.11
Ahorizontal  P,=(0.84)(0.82)>  P3=(0.79)(0.90)
component =0.56 =0.64
10 <
\\\
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&~ \
= ™
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Figure 4. Model plot of freshmen class model states
on the first and second laws of Newton concept from
the FMCE data.

In the model plot, although a small shitt of the
post-class model points towards the correct model
(model 1), both pre- and post-class model points were
located in the incorrect model (model 2) region. This
indicated that most students still have misconception
about force and motion concept even after lecture
class instruction. Thus, a more active instruction is
necessary to use in physics classes to improve
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students’ learning.

Conclusions

In this study, we have evaluated science
freshmen understanding of forces and motions by
using the FMCE. Both pre-and post-test data of the
traditional lecture-based class were analyzed. Results
have been revealed by the paired t-test at 0.05
significant level that the post-test mean score was
greater than the pre-test mean score. Overall
improvement of these students was in the low level
acquired by calculating the average normalized gain.
Moreover, the students’ lowest learning gain was
found in the first and second laws of Newton concept.
Ultimately, the data of that concept were measured by
the model estimation of the model analysis technique.
It was shown by the model plot that both pre- and
post-class model states of these freshmen were still in
the misconception region. These findings have
suggested the significant information that a more
active Instruction is desired for freshmen physics
lecture classes.
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Abstract

The Just-in-Time-Teaching (JiTT) is one of the interactive instructional methods in Physics
Education Research (PER). Web-based questions and in-class activities based on
misconceptions are the key elements of JiTT. It can be applied to a small or large class
with a single instructor, and is easy to combine with other methods. This study aims to
evaluate the JiTT method, which is included in the lecture physics classes, by using the
model analysis technique. Samples are 367 science freshmen, who enrolled in the
Jundamental physics course, from Prince of Songkla University, Thailand. Since, we focus
on the Newton's first and second laws of motions, the well-known research-based multiple
choice test, Force and Motion Conceptual Evaluation (FMCE), was administered to the
students both before and after the lecture class mixed JiTT instruction. Based on the class
density matrix as well as the model plot of the model analysis, it has revealed that after the
instruction the percentage of the students using the correct model to solve the guestions
has increased. However, most students were still in the incorrect model region. Although,
there was a slight change from pre-to post class model point, it was a sign of learning.
This indicates that active learning activities are necessary in physics lecture classes.

Keywords: University Education, Misconception, Forces and Motions, Just-in-Time-
Teaching, Model Analysis

Introduction

In Thailand, large classes of an introductory physics course at university level are
common [1]. One instructor confronts with more than 200 students in a class, which a
lecture-based instruction is unavoidable. To promote students understanding in the class,
Just-in-Time-Teaching (JiTT), as an active learning approach, has been suggested in
Physics Education Research (PER). The JiTT, developed at Indiana University-Purdue
University Indianapolis, and the United States Air Force Academy in USA, is a
pedagogical strategy for using the World Wide Web to create an active learning
environment in classrooms [2, 3]. The distinguished feature of JiTT approach is using a
series of questions to monitor the student understanding in one concept before and after the
instruction via online system. This is a way to extract students' prior knowledge before the
starting of the class. The prior knowledge is a primary resource for instructors to design
class activities and instructional evaluation. The JiTT encourages students to construct
their own body of knowledge through classroom discussion, including use other
supplement instructional materials. It promotes students' learning from the view of
constructivist theory [4, 5]. Moreover, the JiTT is appropriated for a large class with one
instructor [6, 7]. Therefore, in this study, we select to combine the JITT with the large
lecture of introductory physics classes.
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To evaluate the effectiveness of using the JiTT integrated in the lecture class, we
focus on the analysis of changing students’ mental model of learning before and after the
instruction. The model analysis is used for this purpose. It is based on the matrix
mechanics of quantum physics [8, 9]. The model analysis consists of two algorithms; the
concentration factor and the model estimation. The concentration factor is used for the test
analysis by determining the distribution of students’ responses from the multiple-choice
instruments. The model estimation is used for investigation of students’ mental models as
knowledge states. This study focuses only on the model estimation of the model analysis. It
is useful in analyzing student’s knowledge states in large classes with well designed
multiple-choice questions. Its results are used not only for evaluation the forcefulness of
the teaching approach, but also for guideline instructors in ways of plans and designs the
instructional materials for classrooms.

In this study, we design and create the JiTT approach integrated into the traditional
lecture physics classes for science freshmen at Prince of Songkla University, Thailand. The
concept of the Newton's first and second laws of motions is the first requirement [10]. The
collected data from Force and Motion Conceptual Evaluation (FMCE) test are analyzed via
the model estimation of the model analysis technique to reveal the influence of this
instruction.

Materials and Methods
1. Data collection

The data were collected both pre- and post-instruction from 567 complete responses
of science freshmen (24% male) at Prince of Songkla University, Thailand, by using Thai
version of FMCE. The 43 items of FMCE, a research-based multiple-choice instrument,
were categorized into four content clusters namely velocity, acceleration, the Newton’s
first and second laws and the Newton’s third law [11]. Only data of the Newton’s first and
second laws of motions were illustrated in this article.

2. Just-in-Time-Teaching (JiTT)

The JiTT is a teaching and learning strategy comprising two elements: 1) classroom
activities that promote active learning and 2) World Wide Web resources that are used to
enhance the classroom component [2]. This method exposes the students” prior knowledge
by "Warm up questions” and the students” improvement at the end of classes by "Puzzle
questions". Based on our previous research results, in this study, we concentrate on
creating the JiTT procedures for the concept of the Newton's first and second laws of
motions [10].

2.1 Warm up Questions

The questions were used to extract students' prior knowledge for the concept
before the beginning of the class, in order to use as key resources to design the classroom
activities. There are three types of the Warm up questions: 1) an essay question, 2) an
estimation question, and 3) a multiple-choices question. All questions are put on the
classroom’s website for students to response in time. In this study, Warm up questions,
involving the Newton's first and second laws of motions, were developed from PER
articles, academic websites and classroom experiences of researchers. The questions were
validated and modified following suggestions of students and physics experts. An example
of the Warm up questions for the Newton’s first law, used in our research by placing on
“LMS@PSU E-Learning Management System”, is shown in Figure 1 [12].
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(a) Essay question: During the motion of a spacecraft far away from the planets, if the spacecraft’s engineis
not used, can the spacecraft move? Why? (Explain and give your reasons.)

&l

(b) Estimation question: A boy pushes the wooden box rested on the frictionless floor moving with a
constant speed of 2 m/s. When the wooden box ou: of the boy's hand. calculating the net force acting on the
wooden box if no air resistance. (Define any mass of the wooden box and show the calculation, if any.)

me

40kmh
—_—

|

A car. moving with a constant speed of 100 km/h, overtakes a truck, moving with a constant speed of 40
km/h. Which is the correct answer involving the net force acting on the vehicles?

(A) The net force acting on the truck is greater than that of the car because of its larger mass.

(B) The net force acting on the car is greater than that of the truck because of its smaller mass.

(C) The net force acting on the car is greater than that of the truck because of its higher speed.

(D) The net forces acting on the car and the truck are equal because of the constant speeds.

(E) Other.

(c) Multiple-choices question:

Figure 1. The Warm up questions for the Newton’s first law used in this study

2.2 Classroom Activities

Students’ responses for the Warm up questions were used to plan classroom
activities. In lecture class, firstly, the instructor shows the students’ responses to a given
concept on the screen in front of the class, and discusses the prior knowledge. Secondly,
students learn from free online video clips or interactive simulations, which are from well
known academic websites such as Physics Education Technology: University of Colorado,
Boulder (PAET) [13]. The instructor asks questions relating to the video clip and engages
students to share their ideas with neighbors. The last procedure is classroom discussion, in
order to help students to reorganize and to construct their own ideas. Examples of
instructional materials are shown in Figure 2.

(b)

Figure 2. Instructional matenals for classroom activities: (a) video clips, (b) interactive
simulations, and (¢) animation pictures.
2.3 Puzzle Questions
The Puzzle open-ended questions were used to examine both students'
understanding and the JATT method as the formative evaluation. One week after ending the

topic, the Puzzle questions were put online and students' feedbacks were analyzed. An
example of Puzzle questions for the Newton’s first law concept is shown in the Figure 3.
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The ice-skater used one foot to push 10 Newton force to move herself out of the field edge. She is sliding
with a constant speed of 5 m/s on frictionless ice, shown in the figure. Describe the net force acting on the
ice-skater and her movement. —

%

m_ =

Figure 3. The Puzzle question for the Newton’s first law used in this study

3. Model analysis

The theoretical framework of the model analysis technique 1s based on the scientific
researches of neuroscience, cognitive science and education [8, 9]. It takes advantage of
the qualitative researches to design the quantitative parameters. The model estimation of
the model analysis is used in this study to estimate students’ mental models of learning
both before and after the JiTT combined with lecture. Since students’ understanding
depends on contexts of questions, the probability for a student to use a concept to solve a
question can be measured by the model estimation [8, 9, 14]. For a given concept, a
physical context of a question will activate a student to use one mental model to response

the question. Each mental model 1s analogous as an element of an orthonormal basis (ew )
n a linear vector space, as shown in formula (1).

o ; @ b
0 1 0

=\, 8=, |,..,8w=| (1 | = qu{ PR ne (2)
0 0 1 \}qu n;

Responses from a single student to the research-based multiple-choice questions are
used to construct a single student model state with a vector of unit length in the model
space (luk)). The model state for the k™ student in a class, which focuses on three
common models, is shown in formula (2), where n*,n} and n} mean the numbers of the

k™ student answers corresponding with Model 1, Model 2 and Model 3, respectively, and
m means the total number of questions in that concept.

The individual student model state is used to construct a single student density matrix
D), where D, = u, ® . . For the entire class it is combined to create the class densit
i e O Uy y

matrix (D).
k [hen®  fnFn®
1 ¥ 1 N He . P Po P
D:FZDk:ﬂ ‘\}nfnlk n§ annf = P Pn P (3)
o=t .
Jninf Jninf nf Pu P P

The diagonal elements of the class density matrix reflect the percentage of the
responses generated with the corresponding models used by the class. The off-diagonal
elements reflect the consistency of the individual students’ use of their models. Large off-
diagonal elements sigmfy low consistency (large mixing) for individual students in their
model use. This is computed to find out the eigenvalues and eigenvectors for showing the
students’ distribution in each mental model. The largest eigenvalue (> 0.65) was selected
and used to establish the primary eigenvectors (v, ). These can be presented in a model
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plot with a model point expressing the class model state as shown in Figure 4(a). The
model plot is a two-dimensional graph to represent the class use of two models (correct
and incorrect). It can be divided into 3 regions for giving the class model state in each
concept, which model 1 as correct model, model 2 as incorrect model, and the middle as
mixed model state. The two axes represent the probabilities that students in the class will

use the corresponding models. The largest eigenvalue (O'Z) and its primary eigenvector,
denoted byv, = (vlﬂ v, Ui, )T, are pointed on the model plot with a coordinate
(P, B, where B, =c.v, and P, =60, ,.
Results and Discussion
1. Results from JiTT questions

Students' responses for the Warm up and Puzzle questions of JiTT were analyzed and

grouped following the main idea. In this article, we present only students' answers from the
Warm up questions (shown in Figure 1), and the Puzzle question (shown in Figure 3).

1.1 Results from the Warm up Questions

Table 1(a). Students' responses to the essay question (spacecraft situation)

Can th
Group an e Reasons Percentage
spacecraft move?
It 1s not necessary to have a force to maintain
1 Yes. 29%

the spacecraft’s motion.

The spacecraft is still moving because of the
2 Yes. gravitational  interaction  between  the 38%
spacecraft and the planets.

There is no force acting on the spacecraft. / A o
3 No. . e . 31%
force is needed to maintain its motion.

4 Yes./No. Others 2%

Table 1(b). Students' responses to the estimation question (wooden box situation)

The net force

Group acting on the Reasons Percentage
wooden box is...
1 Zero The box is moving with a constant speed. 46%

There is a pushed force by the hand

2 Not zero calculated by the Newton's second law.

48%

3 Zero/Not zero | Others 6%

For the students' responses to the multiple-choice question (car & truck situation),
there were 17%, 16%, 34%, 25%, and 8% of the students selected choice (A) to (E),
respectively. It displayed that 67% of these students believed that the net force acting on
the constant speed object is varied by mass and speed. Thirty-four percent of them believed
that the net force acting on the higher speed object is greater than that of the lower one.
Moreover, students' answers to the three types of the Warm up questions showed that more
than a half of these students brought the alternative concepts involving the Newton's first
law of motion into classroom. Thirty-one percent of these students believed that during the
motion far away from the planets of the spacecraft, if the spacecraft’s engine is not used, it
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cannot move because of none force acting on the spacecraft. This strongly agrees with the
misconception that a force is necessary to maintain the object's motion [8]. Furthermore,
for the wooden box situation shown in Figure 1(b) and Table 1(b), 48% of the students
answered that there is net force acting on the wooden box moving with a constant speed on
the frictionless floor, by which most believed there is a hand force. This implies the
misunderstanding of the contact force that the force still exists during no contact between
the two objects. The alternative concepts of the students found in this process were revised
by classroom activities of the JiTT instruction.

1.2 Results from the Puzzle Question

Students' responses to the Puzzle question (shown in Figure 3) were
demonstrated in Table 2. We found that after this instruction 81% of the students answered
the correct idea that the net force, acting on the ice-skater moving with a constant speed, is
zero. It indicates that the teaching method helps students to reorganize their ideas from
several different ideas to more consistency one idea. However, there were 19% of the
students still held the alternative concepts. Some believed that there is a kind of foot
forces.

Table 2. Students' responses to the Puzzle question (ice-skater situation).

Group i]ht(;ll;it::?:kc:tzztil:g Reasons Percentage
1 Zero The ice-skater is still moving with 31%
a constant speed.
2 Not zero There is a pushed force by her foot. 12%
3 Zero/ Not zero Others 7%

2. Results from FMCE

Students' model states for the Newton's first and second laws were calculated by the
model estimation. There are three common models of this concept: Model 1) It is necessary
to have a force to maintain motion and there is no such a thing as a force in the direction of
motion (correct model).; Model 2) A force is needed to maintain motion and is always in
the direction of motion. The force is directly related to the velocity of motion (incorrect
model).; and Model 3) Other ideas and incomplete answers (null model) [8, 9].

Table 3. Results of pre-and post class density matrices, dominant eigenvalues, and primary
eigenvectors

Results Pre- Post-
0.10 0.12 0.07 0.16 0.18 0.09
Class density matrix 0.12 0.60 0.32 0.18 0.60 0.27
0.07 032 030 0.08 027 0.24
Dominant eigenvalue 0.83 0.80
0.19 0.29
Primary eigenvector 0.83 0.84
0.52 0.45
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Figure 4. (a) Model plot and model regions. (b) Pre-and post class model states on the
Newton's first and second laws for the JiTT instruction

In this study, we employed question 2,5, 11 and 12 of the FMCE as the typical items
agsociated with the concept. Results were shown in Table 3, and the class model states
were shown in Figure 4{(b). After the JiTT instruction, the percentage of students, who used
the cotrect model to solve the questions, has increased from 10% to 16%6, shown by the
diagonal elements of the class density matrices. Moreover, the percentage of students, who
held the null model, has decreased from 30% to 24%0. The percentages of students, who
used the incorrect model, before and after the instruction, were equal. Additionally, the off-

diagonal element ©; in the pre-and post-dass density matrices showed the significant

large mixing between the incorrect and null models. It moved from 75%% to 71%6 of mixing
ideas after the instruction. It means that after the JiTT instruction, amount of students, who
used the correct model, is higher; who used the mixing of incorrect and null models is
lower. The shift of the class model states is shown in Figure 4(b). There was a slight
change from pre-to post model points, and all were in the incorrect model region.
Although, the JiTT instruction cannot force students to the correct model region, it has
made some changes to the students. This can be a part of learning.

Conclusions

This study presents an effort to use the JiTT method integrated into the traditional
lecture class of the Newton’s first and second laws of motion. The FMCE data were
collected from science freshmen (N=567) at Prince of Songkla University, Thailand. These
were analyzed to determine students” model states of learning via the model estimation of
the model analysis. Research results have disclosed some changes of the students’ model
states after this instruction, but in a small scale. To help students learn more, the HTT
should be combined with other active methods, such as Peer Instruction (PI) [15]. The
more interactive classroom activities of the JiTT approach benefit students' learning in
science and mathematics classrooms [16, 17]. It is an interesting future work in enhancing
students’ understanding of physics.
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