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¡¡mielllo de lo.s l',s[mli:lll!e" hacia 1:1física. Llla,,;l Jc L1csl'rcilln,Lh h:lj;ls {,;tiilich.."i(llll'S.el ;IIISl'lllisl1l0y Li impIJJllll;llidad. C{lIlHlflCSen olros
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1. Inlrocillclion

111VClll'lul'la is known Il-:q, l!lal sCllior year high school sl[l-
(kllIS ha\'(.' a pom and insuftkil'nl physics ami malcmalics 1,11
h;lrkgrtlUlld. in pan dUl: lo lo\\' preparalion and Illolivalioll
lIf hi,!.!h .;dlílOI 1l'~H.:hcrs \\,:hich produccs avcrsion 10 Urli\'L'r-
Sll~ pily,ir, (:nurse". Thi" ka(b lo high dcscnion, low gradL",
;¡1"'L'nll'L'i"m and prcvaklH unpullclualily. In La Universid.¡d
dl.'l luli;l (L.U.Z.). sluden! l'nrOlllllClll hegins wi¡h a nalional
pre-ínsnipli(lll \\'hcre Ihe)' sekcI lhree dilTcrcllI prolt~s"i(llIal
r;ll"eeh in priorit,Y onkr. then Ihe)' register I"or a general and
'l'kl"li\"l' exam, Becallse there arl: 11l0re places ollcrcd Ihan
'llldCrl!S inleresled in purslIing a physks carcer, L.U.Z. as-
'1,!.!11";11011illlel"e"Ied olle..; in ol"(!t:r lo liJl lhe physio l';¡rCL'1"
Sl'¡lh 1:,1.

I )Ul' lo Ihis silualion, our departlllelll preparcd ¡¡ ne\\' in-
lroduelory pl1y'sic" cnurse, which shollld he mme encomag-
in,!.!lp 1IJ0..;1pupils, Sludellh ,1ITí\'e al Ihe lIIli\\~rsiIY wilh nOIl-
scil'lIliliL' prl'l'llfll'CplioIlS, whil'h are illL'{HllPlclc. fraglllenlcd
;llhl \,lll'n l'rnllll'OUS kllll\\'kdgc 1G l. Ihcse lIJíSC(lllCCPIions are
illl'(lllSi'IL'1l1 wilh Ihe physical w{lrld, pro\'tlking misunder-
slilnding "lid a\'crsioll lo lhe physics cnurses, Thc goal of 1l1is
('omse i, 1(1relllove lllos1 01" lhl: sludenls preconcepliolls in
ordl'l' lo dl;\nge thcir attilude tO\\ianl physics.

"l"11Isi,S;1eoursc with praclical \\imk (simple c.''\pcrilllL'nls.
;luditl-\-isllals, hOlllcmaL!i.' expl'rilllellls ami analysis alhllll
daily lik e\pcrience silualiolls) and should he slimulanl h)
Il,dl. Howl'\'cr l!lis is nOl sunicienl. ami !leeds lO en<.'ourage
(kh;¡ll' ;llld di ..•cu ..•"ioll among Ihl' sludellls, cOlllplclllcnted h~
\jlll''';1il111Sinlnld ut..'ed hy tlll' Il',K.he!', dircl..'led I() con fronl lheir
"Ilai\'l' 111l'tlril:s" ",ith scil'nlilic (onCepls IGI. Thc sludy rc-
pllrl\,.'d IlL'rl' corresponds lo ¡Ill inlroduclor)' physics L'Our.;1'
illilially giVl'1l during Ihe sl:cond sellll:sler in IYLJ5. ¡¡ud tah'll
hy lirsl sl'11Iesler sludenls ollhe physics cafeer.

2. Aholll Ihe cOllrse

AIl introliucl<JrY physic" C(llJl"Si.'slHHllJ havc (!laraclcrislícs
lh;ll IlIOliv;llC slUdellls lo lhe ~real advelllure 01"discovi.'ring
lIJe physical world. For tbis re;Ison. Ihe course was desiglled
applyillg lile following "'ralq~ii.'s:

1/. E\plorillg tllL' physil..'.t1 world Illrough programllll:d l'\-
Ill'rience~ [-;-1.

11. Di~co\"erillg sludelll GlpaCilics 10 undcrsland thl: phy:-,-
ical phenolllcna hy Ihel1lsel ves 1S l.

(' Finding partrtl'l"s lh;l1 help e;Icl1 olhcr during thl: leal n-
illg process 17, SI,

d. BJe.tkJn~ Illc lI.tdllltl!l,lI p!lysic" schemc, \\-'hid) dOL"
!lol relate lo Il1eil' daily life I!J. 101.

Thc (ourse W¡\'.¡dividL'd in Ihrec grollps fA, B and C).
(~rtlllP 1\ was forrm'd hy 2 ..• sludellls Ihal selcclcd physío as
¡irsl choíce, group B by 23 "lUdellts wilh physics as sel..'ond
choice and group e hy 2-l slUdenls Ihal did nol sclcel physic:-..
Eal'il group cOlltailled Ihrec sllh-groups. which worked 011
dillel"L'nt tahles ;lIld w¡lh dilfefl'Il1 equipmcllt, so Ihal each
,";luden! could parlicip<lle in lhe I¡¡boratory pracliccs, SlIlall
~r{lIll)S (lller OPP(lrlunít ies f(ll"L'vl'ry sludenl 10 raise qUl:Sti(lll"
frel'ly, lO dísClIss and argue ahoUI different vicws, and con .
..;ider mallers OICOlllllHlIl illll'rcs\ 1-;-1.

Thc cour..;e IOpic" invnh'e IhoSL' fWIlI high school physio
cnurses ami SOIllL'C(llltl'lllporary cOlllcnts [111. The reasons
\\"hy lIHhC cotllcnh \\efe c!los('n ¡¡re Ihal Ihe lIlain Pfl'COIl-
ú'plions ;¡rl' acqllir('d during lheír high s(hool courscs amI
;lI...n in tlll'ir daily lik ill1rodlll'cd by lllaSsivl: COIllIllUlliC;ltiOll
IIlL':tn", i.c. IhclIlcs likl' lasl'r'. llplical lihe!". salellile COllllllll-
nil'al i()II". l'IC.

TIlL' Ihl:llles C(llll'...;eare: lilllL', space. 1Il0VCllIl'lll, dy-
nalllics. ~ra\'ilalioll, L'ollisioll", work aml eller,!!y. POWl'l"and
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l'l1cr~y l'llJl:-'l'j'Ví\lioll. gase", and telllpcralllrc, !leat. L'!cclric
l'hargc. potential and c!L'clric li.cld. cli.,'L'tril' cUITent and 1I1all-
lIl'lic Jicld. l'lectromagllelic illl!UClioll and e!cclric circuit:-..
wa\'c-;. ligh!. atoms.

:\11 sllldellts had reccived lhrcc kvels 01" high -;l'l1ool
physics COllrScs. Sludcnls [(lok lhc l'nurse I\\'icc a wed; in
;1[wo-hour sl'ssioll, during l'ourll'cll wl'l'ks. Each scssi(lll was
1l1anagl'd hy a guille. Till' Il';¡ching sl¡¡IT cOllsiSlet! tlll Ihrl'l'
IL'achers, thrL't: assi:-,lanh alld <1coonlin<llnr. Each group was
allclHkd by t! lcacher plus an assislallt sclcl'lcd I'or lhcir per-
s(lnal intere ..., and elllhusiaslll in Icaching lile ncw COlJI'se,

Sludenls used sludy guilles durillg lhc worklllll iahora-
[01')' dass. The guides WCI'I..' designeo applying four ,:h;lrac-
[l'ri-;til's: Tlll' Jirst par! rclaled lo daily tife cxpcrienl'l' SiIU-
;lli(lnS IIlJI. lile second pan rcfclTed lo a projcclcd 111mor a
(kllHl1lS1rativc experimcnl, lIJe third parl l"Illllained l"(llllllll'n-
larie:-. ami cOllclusiollS, and lhe laSI (lile proposed an inws-
ligall\l' hOlllcwork about till' guides IIll'IIIe or a hOlllelJlade
l'\ pcr iIIIl'll\ .

E"J1l'rillll'nls used in Ihc dillercl1t guidcs and lhe rc1a[iolls
wilh (hc Ihclllcs were:

Human rcaclionlillle (time).

~ka:-'lIring dilTcrcnt Icngths \vilh dillererH instrulIlcnls
(span').

Unif(lrlll tlmlul1irorlllly accc!L'ralcd Illolioll. Anal)'t.ing
air Irack slrips (mO\'Clllcllt 1),

Al'Ccll'r;Hion duc lo gra\'ity. Stl'cl hall lalll1ched hUIll a
r<lmp lmvanl a markelahlc vcrtical slrip (rlHl\'l'lIll'l1lll).

11Il'nial cars pushcd hy springs (ti) namics I l,

Sludyillg the frictioll with an illclincd plalle Id1'lla-
1I1ics 11).

~ka ...uring forces in;ll1 inclinetl planc. Potclllial el1crg~
-,Ioragl' (work and cnergy).

LlllllL'llillg projcctilcs wilh a ruhhcr hand. Ilolding
heavy Ihings (p()\vcr ;lml energy ({IIlServalioll),

Boyle antl Charles 1¡lws. Boiling ami JIlelting point
(gasc,,,, and tcmperatllrc).

HC;II capacily and cont!lIclion in scveral rnall'rials
(heal)'

Pn)dllcing elcclric ch;¡rgc hy fricli()ll (elcclric chargcl.

\VOlting \\'ilh (he clcclrÍC' IIclJ plolting sel (po[cnlial
and ell'clric lield).

The ClIfrenl gcner~ltor and ('lcclric motor. Forces he-
IWL'l'll l'urrents (clcclric curren!).

t\);¡gncls. lvlagnclic liclds with iron lilings (1l1agnclic
lil'ld ).

l:kl'lr(1l11agllc[il' inl1ucti<ln \vith coils, galV~lJHlIllClcr
;tnd Illaglll'''' (ekrlr(llllagnctic intluction).

Scrics and par;lIkl circuits klectric circuils\.

W,l[cr \\'avc ....in ,1 ripplc [ank (W;¡VCS1).

SOllnd \\;}\'e ...11;lveling lhrough dilll'rcnt IIIcdia. Elcc-
[n1m;¡gnelí,: W,}\\'" wilh lW(ll'in:lIilS (wa\'l's 1)),

I,ight bcaliL prisllls. SO;¡P huhhles. slil dilTral'lion
1I ¡gil! 1l.

:-')irror ...amI Icr¡.., (Iighl 11),

Cal Ilude Iay ltIhe (alollls).

Tllrollgh a Iahoralory experilllcnl (JI"a projccled film. Olll'
pmbk11l is PIT:-il'lItl'd lo Ihe ."!udcllts. SOIllL' guillc ljuL'stion:-i
Icad sllldent allclllioll l{l\\-ard Ihe l'quiplllent and lhe pht'-
1l0llll'Il01l invoh'l'd. ()lICstiollS ahollt which variables l'an bL'
Illc,lsllred amI \\'l1al inslrullIcIll ougllt to be chosen are fl'e-
quently lIsed 10 raisL' slUlIcnts conccnlralion on lhe problem.
A k\\ queslions al lhe heginning 01' lhc guille. were malle
aboul daily life situafions rciated lo thc phenOlllcllon wilh IhL'
purpuse 01' L'llcouraging sllldents 10 lry 10 solvc Ihe prohlem.
Al l!lis slage. tlll'Y star( "lO livc" Ihe physics.

Sludents ,\IlarL' IhL'ir llleasurCll1cnls among Ihclllselve ...
prnmpll'd hy Ihc tL'al'llcr in ordL'r lo lind the coincidellcc,>
:tnd dillcrcnccs, Dilkrcnt or equivalenl II1casurcs provoke a
cOl1lroversy among 1I1L'Sllllknts, whicil is fOlllelltetl by Ihc
tcaclin ami assisl,llll [rying to l'Ollduct Ihel1l towanl;¡ rcasoll-
abll' íln:-.\\'cr. Al Il1is 'dagl'. sludclltS tind panncrs during thL'
kal'lling prtlL'CS:-i.

Typical an,.,\\'L'rs li¡";l': "Thal W¡¡S so easy!" or "~Look.
IIlis \Vas the n'asoll thal Ihing happcncd!", showl'd the 111..'\\
Studl'lll I'edings aholll physics. Al this slagc, Ihey slan lo dis-
CtIVl'l' 1!lL'irGlpacilY lo 1I1lderSland physical phcllolllcna. This
b...l ;1"jll'Ct \\<1" llIl';lsurcd Ihrough thc homcmade experimcnl
or invcsligalive hOlllework repons. Such hOlllemade expcri-
IlH:nts Wl'I'Cdesiglled lo he made wilh ¡Jcccssihlc and recyck
mall'ria!.s 11:21 whidl are cnough lo show tlle phcllolllenon
iIlVOI\-l'd. HOllle\\'ork as,,,ignlllelll:-. were graded in Ihc Iradi-
¡ional form.

Tlie corL' 01 S:1I11l'guidcs was a delllollslralivc cxperi ..
IIll'nl ur ;t projcc[cd lilm. Such l'xpcrilllCIl!S wcre dOIlL' \\'ill1
Ihe CílJlvclltional gellcral physics cquipmcnt and a few Wl'rL'
!lollle huil!. Dala acquisilion hy lile sludcnts was onl)' im ..
portanl for lhe qualilalivc rclalionshir bct\\'eefl Ihe rhysics
\';ll'iahlcs invt)lved.

i\[tendance was lakcn at Ihc hc!!illl1inn 01' l'<:H.:hscssiol]~ e ".

Studcnl lah work wa ... cvaluated acconling lo the I'ollowing
crilcria: (j) participalion in discllssion. b) cohcrellce of lhe
wholc ans\Vers. and l') CtlmplelCncss 01' lhe guide, This cval-
ualitlll \Va... sl'orcd 11'011II lo lO. alld it represcnted 7(Y7r 01
lhc [tllal gr;ldc. TIlL' rl'lllaining pcrcelll UOlft,) was evalua(cd
Ihroll~h h(llllework repon".
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TABLE 1 ela .••.••,1[[Clld,lIlCC for cach group

Ciroups

B

e

() ahSCllCC

(lO~

)Wlt

-lS%

AIIClldam:t: (Pcrn':lH,lge)

tlp Lo 1 ahscncc

13%
64(/"

Up (o 2 abscncc

86%
6l)%

X()C¡¡,

TA£lLE 11. Ik .•.crtioll hy group.

B
('

Tolal

NUl11hcr (lf in .••nihcd sluJCllLs

24
23
24

71

NUlIlner (Jf dl•.••crtcr .••

Al lhe heginning 01"SI'IllCSll'r Dllring lhe SClllcslcr

5 2
3 O
4 O

12 2

\\'ould YOll lil\e l{ll;¡\..e
:lnolhcr l"ourse \\"llh Ihe Ye~ No Nonc

.~<I1llClC:IChl,(1

" 14 O O

B 10 7 O

e 1(, O 2

Tol,ll .111 7 2

Dl'sertion rale \\.as relalivL'ly hm' reaching onl)' 2W'1t 01"
the 71 studenlS (sl'e T;¡b1c 11). It is importanllo point oUllhal
Ihe llighcst l1ulllber 01"dL:scrtions occurred al the begillning oj
Ihe: sl:ll\esler (17(lr). hllllllis represents Ihose studenls who in-
scrihed Ihe course hullll'VL:r assisted. Once Ihe course slartcd,
tllL' desenion rale was (lnl)' YIr.

elass dyn<lmics. ¡¡lIowcd 101"aClive sludent participalion
such as answering. lhe guides, showing high cnthusiaSlll in
raising questiol1 and exprcssing their vicws. although SOl1ll'-
lillll'S, Ihese dil"kred grcally 1'1'0111Ihe physical rOUndalions.

T;¡hlc 111 shows IhL: aVl'l"agc grades hy group \vith Ihcil
rL'spú:live siandnrd dcviatiolls. Ciroups A and B gOl highel
gradl:s, whilc group e got ill'Ccplahle ones, <I1though il \Vas
cOllstilllled hy sluden!.s \\-'110nol onl)' didn'l \Vant lo sludy
physics huI aiso kll ...OIIlC aVL'rsion for il.

TAlILE 111.¡\wl:lge grades hy group.

a

IK
O.lJ

2.)

1SA/20
1(J.S/20

11>.7/20

TABLE IV. lnslilllli(lnallcsl-queslion l.

B

e

(;roups

"

'1'\,,:0 survcys were applied during Ihe last week of tbe
cour:~c. The lirsr olle was a ..L~-queslion instilutionallest '.vith
Ihn.'L' olllstanding queslions ahouI lile course results. Tbey
\\'L'rl': 1I \Vould you Iikc lo lakc anolher course wilh the sallle
ll'acber'.'. 2) As a result of this cnurse. do ynll have more in-
Il'l"l'st in lhe physics Ilcld'.', 3) llave your expcctations hecn
...alislied \vith Ihis course'.'. The olher survc.:y was a sc.:ven-
ljuL'stioll internal test wilh two olllslanding questions rclalive
lo Ihei! fcelings ahollt physics heforc and aher this coursc.
SincL' tbese answers bad a suhjective charge, lbcy were ana-
ly/ed rlassifying earh answcr according 10 (he following lTi-
leria: (hll' poinl ror nothing bvorahle, Iwn poinls ror lill!L'
I;l\'{lrahle. lhrL'e poinls for indilleren!, four points for l~lvor-
ahk ;ll1d tive poinls for grcatly favorable. FOrly-tivc sludenls
lilled oul Ihe: internal test and live stallmemhcrs classitied
iIlL'illlswers lIsing Ihe ahove criteria. TlJese points were added
ljuL'slion hy l(lIestion, and averages ohlaincd dividing hy tiw.
\\'hicll afe: reported as the results.

\\b.:kly sessiolls aholll Ihe guides werc called hy the
leaching stall. during which crilical cvaluations weTe made
in onkr lo COITl'ct any oril'ntation prohlellls.

(,lass allendance is olle of the 1110Stimportanl variahles 01
11lL'sl'surveys. hecause it is a measure orlhe stlldcllt\ Illotiva-
lion and interest inlhe COUl"SC.1I is very importanl to point out
Ih:lt in lhe deparlmCIll or pbysics average class ahscnleeislll
i...\'l'r~ high. Tahle 1 givcs class altendance hy perccnlag:e ror
L'ach course. In general. in our courses, XOo/r of lhe studcnls
haw :I".•.isled lo t.)09r nI" the progral1ll1lcd activities. High 1110-
li\.:llioll has heen nnled. delllonslred hy Ihe punctualily ol"tbc
studL'nls amI the curiosity awakened during Ihe devclopmenl
nI lhe cxpcrienccs. Class attelldance 011average. \vas Illain-
l;tinl'd L'ven 111ollg.hSOl1le advcrsc silllaliolls such as sll"ikcs
:llul dCllltlllSlralions made aceess lo Ihe Universily difficult.

J. Rl'sul\s

R(,,'. Me.\. Fú. -l-l (5) (lt)t)X) 502-505
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TABLE VII. Internallc~l-qlleslitlll l. Pce!ings ahollt Physics h ..•fore
lhe course.

TAB1.E V. Inslitulional lesl-quc:-tioll 2.

As a result (Jf t!lis cou~sc. do
YOll havc more interesl in the Yes No ~{)lIe

physics lleld'.'

A 13 I O

B 13 3

e 13 3 2
ToI;!1 39 7 3

Answcr

No favorahle

I.il1le favIlrahk

Indi rfercnt

l;aV(lr<lhk

(in:~llly favorable

Average

I~
')

X

7

3

T,\JlI.E VI. Institutionaltest-qucstioll J. TABI.£: VIII. Inlcrn;ll test -queslioll 5. Feclings abolll Physics afkr
lhe ('ourse.

Have your C'\pccl<:tions
hl'CIl satislied wilh this Yes No r\onc

nlllrs(:"!

A 14 O O

B 1I 4 2

e 17 O I
Total 42 4 3

Answer

No favorahle

Littlc favorable

Imli Ifercnl

F;!vnrahlc

Greíltly favorable

Average

()

()

I

27

17

(icJlerally lhe hOl11ewOI'k done hy lhe studenb wa, very
good. cxcepl in group e \Iihere it was ctoser lo average L1uc
lo Ihe group's charaClcristics mentioncu ahove.

Frolll Table IV. 81,6cj?, of (he sludenls intcrvieweu an-
swerc-d positively. This suggcsls that the class dynalllics used
hy Ihe Icacher during the cnurse was adequalc enough lo 1110-
livale lhe sludents.

The results given in Tahle Vano Tahle VIII, rati!"y Ihat
lhe class dynamic follo\l,'ed nOI onIy rnotivaled lhe sludents
hui ,,1st) awakcned their inlerest in physics, Fmm Table V,
7lJ.6fj{. of alJ sludcnts answcreJ posilively while 14.2(!f, an~
s\Vcred negativcly, hUI, these negative answers came fmm
groups B and e whose slUdenls have meLliulll or no inleresl
in physics.

TabJe VI elllphasizcs lhe resulls shown in the olhcr (a-
hles. X5.79í 01"all studcnls answercLl positively. l1eing in-
lcresting lo note that 40.4(Yr, ol' the positive answers corre-
sponded lo group e slUdents which presellled a high rcluc-
lancL' for physks sludies al the hcginning 01' the semesler.

l. L\1. Vence. Monogrílphy. La C'/l'cf"Íún dt' (,(Irre/"(J: ;\I/(ílisis
cn"rico dI' la /,roblcl/uíriclI dd t'.I"tuditlfllt' \'t'/I(':;o/w/(J dí' 510

afio de /we/llllcl"{lto ('11 f"Ínlcia.\' y 11I111umidar/es dí' 10.\ lic{'o.\
l"íhlimJ dI' la Cll/dad di' /'v/artlmi!Jo. (Univcrsiliad del Zulí;!.
I f):-I9).

1. l. !'Illeo l'l. al .. Graduatc Thcsi~, Universidad tic! ZuJia. (1 (J(1).

:1. A. Di Bello. Mono!!raphy. Nj¡.e1 de nmocimiCII/O de:
Matt'fluírim .r fisica di' ('dllcaciúfI, aclirud hllcia die/ul.\ aJlg-
IIl1/unjl -" rt'"dimiclI/o ('11júiclI del ciclo básico dd ColCKio
U"il'crsiwrlO dc Cablmm. (Universidad del Zulia. 19X7)

1. N, lIernándcl. el. al.. GraJume Thcsis. Univcrsidad del Zulia.
( I'JX7).

Tahles VII íllld VIII SIH)WIhe avcrage answer to questillns
<:11](...1 5 of lhe internal Les!. Comparing Ihese results \l/e oh-

serve thal .studenls' fcclings ahoul physics made a change,
shmving a more poSilivc feeling ahoul it ancr the course.

4. Conclllsiolls

A novel Introductory physics course offered hy lhe physics
depanment (JI' La Universidad del Zulia, showetl very inter-
csling resuJts: swdcl1ts' l"ecling ahout physics changeJ fmm
Ilegalive 10 positive; lhey arrivt:d on lime to the classroolll ami
were prcsent inlhe majorily orthe sessions. Course descnion
rme \Vas Jower than Ihose prcsenL in other courses.
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