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The Prabéerm of Pre-Sarvee Scanca Taachers on MNawdon's Laws Topkc . .. 29

1. Invirieduciiog

Mewioe's Lawe 1= one of the fopics in Plosies #hat explains the process of
hemtiryime forees Rering off i elnjecy of change of 1 abject moqion || Newions
Law= of Moton consists of Lhree Taows, The Newbon's fisst law describaes the coacep
of inertia (FF = 0], The Newton's second liw explains that the acceleration
peiduced by @ net force on an object is direcly poponiona] fo te e fioce and
neceleration & inversely proportianel fo the mass of the obpet IE? = ma). The,
lhe Mewdon's thind low explnns il action wnd reaction forces have the ame
rreig it e and apposiie dhmlm{f;::—f:.}- [2.4].

Previcars sindies melated o Mewton's Laws bave been camed oud o various
counirics. Mhvacs research reloting i Mewion's fira low [4], Meston's seoond low
15, 1. Mewson's thind law [7=10], and Mewton's law of gravitmion |11, 12] have
bcen wisely reported anid documonicd. Cuber izl physics rescarch related
11 the degivation of Mewton's laws explains U dervativa of Newt@ thind
formal e from Mewdon's socoml bwee [2] wmd i1 al=o expluins the denvition of
Mewtow's lrws friom Kepler's lews of plonetsey motion |15], Advasced physice
reseazch on Mewson's laws s assiciated widh brase woehls il the gavisgioml
ianlum s wel] [ 124].

In adddinien, smdics related o Mewiton's lnws bave also beea done in the Aeld of
etucition. In laming. Mewlon's [aws are ome of the fopics ugh in schools amd
wolleges. Therolomd., im order 1o weach the lopic of Meodon’s Laes, many wachers or
legmms s vanoms meiheds snd agprooches, ome ol which = by usmg e conoep
oof cofuem-pmbedded workishoets [15]L wing imape madelling with she ollic trick
[ 1], mental modets (B, demossimtion [17], comeepiuel aml labomioey exorcise
| L |, emecd using stodent reascduing theossgh represemations | 19]. Although there have
been many siedies relging o Mewion's Lawe, 2 case ah.l:r that invesdigles
penkdems feced by pre-service seience wepcBers an the bopic of Mewinn's law is yer
10 be performed. The gap Between thes sy and peevious reports is the mmin
vhrjentive, IF the provives reporls aim W imvesligete the fastors influescing the
ilewelopmem ol fesciung srmegies of lechurers I8 Mewinns i |3.|'l|1{5 evalinwe
Muwlen's {irsd low sludents’ reprovostetioa [21]. the prosend stedy aims o
Investigaie pee-service sclence ieachers' problens i drawing o free-hof clingram
in Mewton's Law. Io addigion s using the writien iest meshod for presservioe
wience lachers, inlervicws are abo onderdaken o explore whal prodlems related
o drasaing frec-baosly diggrams n MNewtoR's Lows &e Dced

A frec-boedy diagram is a diagram that shows schematically all the krees acting
ooy an ohject or sstem | 22]. One ol the baxic comcepgs whon ssudying the concopls
il Pwaon's Lo bs demwing & free-bodly ibagmm, The ability to droe a free-boedy
dmgram i very imporinnt fer everyame whis shedies Mewion's liws comeupls sech
as snilents, pre-semace ieachens, eachers, lectwrers, ond athers. This is hecouss i
o is wnoble o dmw o freecbody dagram, sudents will have difficulties in
understimfing the concepts ol Mewton's law or difficulties i solving problems
relmed b Mewion's lows. Newiton's Lows = & hoale concepd of physics relating o
submeguent phosics conoepls. Thes. if stucdeats canmal anclerstaml the concepe off
Mewho's Tow, the saclont will fimd i cifficoll whon $hey lowm she comogp of
propetile motion (23,
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Based a prelimmary  selies, E‘l:-:n"u.'e sciemce  leachers expenenced
peotils while leaming the topic of Newton's Bws, The msults of exam soores
FroiTh pae-SErvice sciemo ieackhers on the aopic of Newwm's Laws are relanvely low
when compared i other togrics in phosics. This s because Mewtan's laws coacepl
s ok only rEgire e eamers o memorine the Tormile ber also o i
it. Preservice seience seachers affer gradasting from college ane day will ke
recjuized w0 Leach tae topic of Mewton's Linw i mickle schoal students, The reonlis
ol gmanm soore s From pre-sorvice beachers that one less than expocted wome sssprated
due o prodlems in drawize 2 free-body dogram. Problems in Mewloe's Ews dis
nod anly o ur in Dndomesia, bt i alsoocoums in soveral coantries such o Mulaysa
ond Anstmlia [ 5. 24], Bosed on this foct. reseanch s needed to investigane: the causes
of problens encountencd by pre-service soience stachers in Mewtan's lows, 5o that
by kmowing what the core prablem, & solution can B taund s impomndEhe
concepiuel undersanding of pre-service science wewachers of Mewioa's low . This
shucl v i i imvestigate the problems encooatered by pre-servioe scienoe leachers
o Mewhon's low qupic, capocially im drowing o Free-bofy diagrianm

I, Metluml

The method ssed in this reseaech = o desorpiive methicd. Thata collection used two
metheh: writien foals and inlervicws, The mwecarch somples e pre-scrice scioiee
leschers from ghree nobinnal universibes m Java, Indosesia. The three universities
coni: Troem 3 different provinges, mmshy: (17 Universaty =237 in the ety of Bandwmg.
Wes lava, Indonesia (2) Vinncersiny =YY" in Yogy skana, Cestral Tava, Indone sia: and
University of 2" in Puncsmge, Last Jiva, Indiomesia. The seleczion of duese samples
s (- hnsae nBaand on the credibility of the imiversity. 14is pooseen e the aocmeditalion
off basth Liniversivy “X" and Usivessdty Y™ ane, respectively, A (very good) anf the
sceredisation af the Diniversity 8 i B { Goaf], i which tus sacsimile sohiemhey
[Z5]: Wlagp ol the samphing ocation Can be sacs in Fig, 1.

Yegpubais
Fig, 1. Map ol the sampling location,

The total number of simmples is this sludy are 230 pre-service science leachess
coppisied of 35 mabe (15225 and 195 femake (84205 ) modents: The average ape
oof dhe sample taken b= 17-31 sears, The somple comgrised pre-service sclence

Journal of Englnooring Science and Technology Epomal lecie 12019




The Prabéerm of Pre-Sarvies Scance Tagchers on Nawdons Laws Tope ... 31

teuchers whao ame sl i dhear firg servester. The dats were collecied when pre-
wrvice =rience feachers had ot taken Mechanics and Fluid courses s ghit the
s was comsdensd o never recflle 8 lecure indrandag a free-baody disgram,
Thiz aims to wee the initial abilities of presservce soence teachers op the sopic of
Mewioe's Laws, cspecially abilioes in domwing & fres-body diagrome The daim
collectlfl] wis carried oul for 3 yesrs: in 2006, 20107, and 2008 The doo of the
winmple in this sudy ane shoswn in in Tabke |,

Tabde 1, Data of the sample,

Umirversity  Universily  Univorsily Totel  Feroinge

X ¥ [ i ;

FPenule & a2 G 1us R AR

Ml & ) 17 i 19225
Totil 6 42 112 230 100

Uhe insmement fonssis of 3 questios in the foom of wefures of ohjess tal
have different shapes. The sample was given o 1est i drimsdng o free boady dingrasn
ool the chjec for = 25 minutex. A clese beok oydem wes carmied ool so that they
were nob sllewed open books or search Bor some Lieratare onothe imernet. The
amswers from the pre-servioe science leachers ‘were anad yeed by reseaachers. The
reaulis of thess anvwem wene unolyeod o investigate which siewer is oot amd
which answer i Incoreet or incomplete. Furtheremore, vhe sum@ wis iasercie wed
by resemrchers o isvostizale he prshlems emauniers] By pe-senviee scicnee
peachers relaing o dhe o, The selection of samgles Ingerviewed was conducied
ramedvimly oo dhe three usiversities. The results of the inerview were sumanarized
to Finad et the probliems fced by presservice acience feachers in Newton's Laws
Capecinlly whes 1 eomes o durwiing o s -y diagram,

ﬁlﬁlﬁlﬂﬂimﬂlﬁtum

This study aims o inveshgate probleme ficed by pre-service sciesce teachers in

wiom's Laws. There wene five questions given. The resalis of the analysis of the
:lirvi.u wopene feachers” answess com e seenin Figs 2 - & Evickmce that mos
pEe-afrvice sclenoce seachers ave Jillicu®y in dresing Mee-tadly diogreeme in
guestion mumber | cen be sezn in Fig. 2.

Figure 2 shavss un example of the apswer o guestiom number | o the pre-
servie sehenoe drackers, The imsge eomsiss of 2 columns the keft columm stating
the example answers [om the pre-service science teachers aml the right colim
staling the solution foo the coerece pmswer, Blased on the data asalysis on problen
nummher . | mist of the answers given by ke preservce science eachers wese
ireomedt. inclufmp: (11 Kol giving an amow i express the fession of the «ifng
(T2 Givieg cidy | ammow w0 indicete e weimion of e saring (T (3 Giving 2
arrcns B indicas the sension of the siring (T, b the divection of the araw s
rever =il (40 Mo slrvwd e the grovitadional force (w05 Drasing il oormsl Foroe
(M1 on ohpeos, whereas s maiter of nomber | thers is no neamnsl foree (N that
muesd b drawie, (B Writing doomn she emmors of magndiude symibols, for example:
the sxmbal of the gravitatonal foroe is (wh but the. symbal ie writlen i e
gravitutional seceleralxon (o) and the symbal shewdkd ke represemed by the tessien
oof e string (T hst the symbal ix writtem Frictioeal force (0. The evidenoe shows

Jaurnial of Enginsering Scaence and Teohnology Speoial lasee 12009
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it mos preservice . soience teachers bave diffioelly m drawing fee-body
dixgrams in e stion number 2 can be seenin Fig: 3.

Exsmupds: of the amwer by pre:
N, PR G Correct answer
I Sem——
T LE

Wa Wi

Fip. 2. DNiads from gues lsn menber 1,

Figure 3 shows am example of the snawer wo cuestion mmter 2 given by the
pEe-seiies aolence eachars, The image conssis of 2 columas: the el colomn
sating the example unewors from the pre-service seionee leachars and the right
colwmn siaieg the solimion & the comet answer. Brsod on the data analvsis o
penddem amamber 2, mosl of the aeswers given by the pre-sdrvice stlemee seachess

wizre incorme, inclucling:

1 1} Mot drawing the noomal force (8 on obects:

(2] Mot clravwimp the pravigational fiece (w) o ohjechc;

(31 Mol pravifing sn arrew g inelicete the lencion of the stnieg (Te
4] Giving oely | armow toindicate ihe ension of the grmg (T

(31 Writing dewsn symebolic ermas, for exemple: the syimbol of the gmvisticnal
force [wh showlkd be described bat the pravitstional seceleration (p] s watlen

Fxmnaple of the answer by pre-

Moo ok ek e Correcl answer
& » ¥ 5
[ ]
al |2 LB

a
L]
X

Fig. 3. Diata from gquestisn sumber 2,

Journal of Engincoring Science and Teohnology Epocial lezue 12009




The Prabdemn of Fre-Sarvies Seanpa Taachers on Mewdon's Laws Tome ... 33

Evidence thal pre-service soemce reachens fave iifficuhy m dawving free-body
dixgrams iw question number 3 cin be seen m Fig 4. Figere § shows an esample
of Whe MW 1D guestion numbor 3 o the pRe-service sclenee cpchers, The
imapge coaxis= of 1 columns the left colummn sating the esample imseers from the
pEe-AET Ve sCienae e achess amd o right columim sgatinge e solution forihe correo
nrswer. Based on data asal yeis of guestios sumber 3, most of the mmiwers given by
lfe pee-service science eachers wese incorsedt. inclufing :

11y Mot dsrwing the normal fonce (8] an ehjects;

12p Mot druwing the pravitatsosnl force (w) om obpechs;

13y Erner im drawi ngz i paojectinn of force owands the x-axis amld y-axis.

Example of the snswer by

Mo Uerict snswer

- Fi heedt BRml |
- i

.

Fisin 3P

Fig . 4. Dot From guestion sumber 3.

Fre-service stiemoe eachers SOl ke dirfoudny differeniiabing in drowing
wecu projections betweon dowrwand Barce (F1) and apwaord foece (F2) o an
ofject; (<) The difficulry in determaning the wecior F1oos 307 F| ale 59, F3 ¢os
o, and F3 sin HF_ Evidence thar pre service sclence seachers have difficeliy
tmawing free-bochy iiagrams in guestion number 4 can be wen iz Fig. 5.

Figure 3 showed an exnmgple of answer member 4 foom the pre semvice scienee
tenchers. There e 2 colummns: the el column gating the example answers from
the pre-ervice whivnee Sachers and the rght colenm dating the mbutiom o the
wTegt answer. Birsad on the dats analysis about amber 4, mest of the answers
given by the pre-servioe solenee teacherns were inconmeet. imcduding:
|1y Mot drawing the nomeal feace (N1 end the gravitational force [wh on objecs;
12y Mot peoviding an orrow 1o indicate the tension of ghe snng (T§; Giviag only
| wrncrw Bu inedicase gl sensbomal she sring (T,

15p the image hax heen given X amow marks suding the jensom of the string (Th,
i dhe dissctiom e reversed;

{4y Ermcr im delermeming w2 cos Band w2 sin b oyveciors;

150 Ermcers an dmwing the grimvilabional force {w)

Jaurnal of Englinsering Science and Technology Epecial lasue 12018
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Exampde of the answer by pres i
e, il P Correcl amaver

4,

Fig- &5 Dioda Feana djiaect bsn mimbier 4.

Moed pro-survice seignes beachers have difGcultics in dravwing the g visational
fore (W10R 4 plans inclined. They describe the: grovicariomsl Toree (W mod somighe
ot Evideace that presservice stience szachers have difficalties is drawieg frees
by clisgraams in problem number £ caa be szenin Figof.

Exumple af the answer hy
B pee P etk Cirrecl answer
5 LT

R

Fig. £ Didn From gued isn sumber 5,

Mgure & shows an exomple of amwer nember 5 fiom e pre-service science
teschers. There wre 2 colimmns: the left colsmn stating the ssample answers from
he pre-scrvice scicmes Schors sl the nght colsmm sating e axbtion [or the
enrmect answer. Brsed on the dats analysis shout namber £, most of the answess
given by ihe presenvioe science teachers wese incomet. ischoding:

(10 Mo drawing the sl Toace (M) e the geaviuationd foce (wh o abijcis;

(2 Woa prowiding an nmow o indicae he tension of the snng (T Gaviag anly

1 arrevw o incdicate the tensiom of the string i T
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[3p the drwing bas 2 anmows: 1o indicaie the wnson of te sanng (T but the
dizecficn 3 reversed,

Bragcal o Figs, 2 10 6, pe-servics seaos eherns sl have capericmss amd
wvme oifem bave diliculties i dmawing free-body diagrne. A summory of e
ity af e service scici weochers sl onywenesd comrectly amd win srswened
irenrsectly o incomplesely ean be ceen in Table 3

Tshde 1. Summary Amalyse of answers in dreawing a free hody dlagram.

Wromg ansvwirsl
Correct aRSWET ANSWETE AN Tastal
Fumber Mmmiher Momibeer
Questlons el Pre-  Pereen-  of Pre- I tage al Prie-  Percem-
Ty Nk 2Ty e service L
R IWITRY [ sicne ST { %
tenchars teachers teachers
Number | 1] 15.4% [ET] &n 52 2 1K
Muher 2 i 478 215 Q5 3 T 10
Mumber 5 Il T 219 i k2 2 10H
Muniber 4 X (ENE 22 af 52 P 1M1
Munnher § [k 15 65 217 a4 15 RETH] 10H1

Teble 2 shows thet inoquestion nuncher | which cas answer comemly shere are 31
pe-service siienoe ftachers (13495 ) and these whi inswer wrong or inomplele
e | pre-service seicnen e (89 52950, In guecstion numiber 2 thal com ansse
omrectly fhese are 11 pre-serdce scictoe eachers i TE5) and these who anewer
wromy of innngkle are 219 pre-servies sacecc leochens (952000 I guestion
mrehes 3t can anewer eomertly tere ane ondy 11 pre-service seience zachers
(U TH% ) and those wiho answer wioag of moeqploe are 219 pre-srvice sclence
leachers @15 227% ). 1o quesion sumber 4 thad can gnswer correct]ly there ane B pres
SVIOE sehence Soac s (03 AR5 mnd Mo wio anvaer W or ol a
227 pwe-service sceace ieachers (08280 In questioss momber 5 thit can nnewer
oty thee e oy |3 pre-servics selenes eschors (IS65% ) and e wiho
A W wTang ar incomplene ane 217 preservice science izachers (08 355

Hased on the resuls of date anelysis from Fige. 2 < 0 and Table 2 show that goe-
srvign seenes teachers have difficaliies indraswing free-hod w ohect disgmims onihe
liojuic of Mewtoe's bw, Diffioaliies in pre-ssrvice science teachers in Physics
epecinlily Newton's law ane m line with previcas rescanch which sates thad shcenis
find @ veory diffiult when siielying Mewton's e [D], T schition, students als=s
enpenenoe misconoeplisns on the lopic of Newton's bw [27]. Ssudents glso o pol
kv e stages m working em Mewmm's low [5]. Suslents think $hst the srow stvle
which is & vecior snalysic doess nnt have any meswing. Some @odents elso div noa
knivw e i v vechin componznis s and companeans . This comclition imakes il
fifficah For stbenis i osnlve the pblem of Mewion's low, especislly i the indined
pane and pulley. This siteiion shows thel stocdeats do nod apply the mathemarical
cemcepls fhey learned min Mewson'’s law |24]. To investigate whot coes pre-semice
sere aeachiers b s e nce dUTamies in froe-Daady draming, e fmcrview meod
iw il The resals ol the interview shiver that they kave difficaltes incloding

[Th Presservioe science weachers consider physies o be o diffical) sobpects
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12y Piyaics s @ subfect thin calowlsies oo muc b and many formelas:
[3) Preservice science Wachers canniet nmderdand the physics concept well
welien ey were SOl sudving in hieh schaol.

Aeoanrding b the peerceplion af pre-servce soieses leachers, mod physics leachers
i Ahin gl sohocds did mol dnderstasd well wiheih caplaining specific mseriols on
thee topic of Mewise's o, This is becinee mosd ledrming maethodks ased by the ieacher
e lectumes, wsing FowerPoint media, ond emphases on dhe material is only theary
(mermonzation of fommulasy alene without any leaming through esperimenis,

Based on inberviews with phoysics keotesess who wught scionee adocation
deparimeats. the problems on Mewton's lew fopics were caused by the Basic concept
of plrivy pe-rereme soicrar foa hers when siod ving i bigh sehood wis wd capable
erough When studends enter the wniversily level ia she Beld of science edecalion,
ey hive a bt of difTicultic: when atemdfing phy sics classes., cpocially for warking
o Mewion's Law guestions ' the form of plesures, 1F the probdem b= in the foms of
an image, sdests mas dow a free-body diggram. first befise warking an the
prohlieim However, @ is proven that tere are mony pee-sendce soeace feachers uwho
e sl harviog diffcukies in drawisg free-body diagrms of die ohjeas, This is due
i e hearmmp of physics in schooks keasing on solvisg questims for mationz] exam
e O prepanation fof selectiom into sTee s versitics.

Mt stodents ake alfond minnng, s then: are iadications thal siudents ane
neeustamed o workmp on probloms wsmp o formaln gquackly and withonldmwing
free-nouly dipgrams firss, Thus, smdens see physcs as a subject of menanzing
forimvelas anly, not anderdanding concepss. Problems Erom pre-senvice scheiwe
teachers expedienciag diffculiics 0 Newions law are o resalt of lock ol
undesiancling in drawisg free-hody diograms of abjects. Stregies a0 that pre
wervire science leochers con wncerstimil the comeepts of Newdon's L are befons
leviurss rolating o MNewson's law wre given spexial mraiming for deiwing o froo-body
thagram. Alker all the pee-service wivnoe Ieachers have pscenaond, then they ane
i liwdod i Uhe pterial of Newton's lews, I wdition, in fesching Mowton's laws
wedis ar experimests o pecdad i help imdersiand the pre-servies seience
teaidiers. This strategy is in lime with previous repoos wiing medio aed espedments
can prowide positive responses o stndens [27- 3]

Wien eaching the topec of Mewwom'’s Liow many cackers o lecrerers hooe wsed
wamines methecls or approaches by esmg the concept of ciroon-ermbeidded worksheos
[15]. weimg magpe mmasdcling with the ofBic ek |16 montal medcls (5] de nmanszation
7] conceplual amd laborilory exeocee [ER], and using student reasoning through
repressnlinims | 19%]. Bascd on ths, slucabos are apecal © e the ngli chosse off
siraecpies a0 ihaf stsdents can inderstand coreepds of Pewton's Eaw well,

4, Conclusion
a8

The cuse shndy fonmil Shad pre-smrvice scionée leachon il caporeace dillicallics
In e sapde of Bewisn's Law, One canse s their abiliny in drswing o fres-hody
tbagprane. thoir drawmy 13 s mie s pecicd. The basic soclor somospl ol pre-
service sclenee iene hers s anll weak . Pre—service soiescr teachers think ths physics
i a difficuly subject, with wo nany foonmlas, aad ey sill Tiod it difficols o
understimd the concepl of phasics while dudying m hagh school. This finding can
b il s efereiwee Of s nitid dessriptio of e problns of scicmsee sy

Journal of Englnooring Science and Technology Epomal lecie 12019




The Prabéerm of Pre-Sarvice Scanca Taachers on Mawdon's Laws Topke . .. 97

cendibbes oo Mewaon's Law jopes o ihat e Jecumers o determane ihe
appropriate leaming sindegivs wheleaching in cliss. The suggestion from this
sy b5 [ha leciurers @B lcach PRe-service sCience [enchers ore. cxpecied o
provide 2 re-explanation of the basic: of physice such as hbow o drae free-bodhy
(reagrame belore they leam the mpeepis of pRysics ol the nesn level,

8
AvkneoadedEments

This rescarch is suppomed by BPPDM Dikt scholership. We glso woold ke o
cofveey o6 graiinde o all ihe pamicipans whoconmibuosd w his pescarch,
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