VAN wlhio AP+ Jlg FY o5lods Y 090 (o125 poke Ghjgel 10 Gl

[ "o gl ol inled prninds aslios”

@ &

% oy Nt ‘,L
A A

R

7 pake

FIO-AAAR : g pisIl L

Home Page: https://basicscience.cfu.ac.ir

MM L2

i-;ﬁf\
il

R igel yo g

)

&F

G
:§}£

993 W92 ) 30 U 30 oSl sl 51l 3 o0lait b AT (Sl Jolgs (ow y 9

(IBSE) w3907

25 ewld dose ) gy

L’J)f,‘ B39 ‘Uwol aoMle B ESY suLi..&s)S oKl (2 F;l.c w’»‘] 09; A
Ayl 005 VEFFO-MA sy 9o )LSin B amb‘{ip Ubjgal 09,5 Y
(Mohtavi2001@mail.ir = ) : Jyis sxuw g #

v

-

o ol

39l Lo 13 S s g p 2 (o0l e 93 4y ad WSS e (Stly (e ot B b gy 0l
57w 2509y +u3)S 1al g (slhb (Aee ases) Interactive Physics wiesyad jludnd 5l (550,00 b osjlone
Anquiry-Based Science Education - IBSE) _ole (¢, Xi9lS" p (o (b6l (g, odlitul 3,90 (550l
JL@ J.\.:‘)B )5)3 l) 5' 9 Al C)l> Mo uSlJ).) ds )‘ l) )?A—‘wb 4@150.&4)[») Jyol L;L.m » "y S
s (B35 sl ol 0 S e ele ol gl 5 Gl (gleans by b wanlie
Aol oo Cawd (S50 malin | (65 Bres S0 4 @uls Julow o Lo yuxio b paitions ol (334l 5l claslgy Lads
3l iz, )8 (s 590 S8 09,5 b 9ol geiliin tilejland gk S (IB o o8 o5 VF-¥
3l S o Cand S 35 5 s S5 oo S0 yiorte L 3ine 5ol ol Lnesly (5,512,5
S Sl p e Slaansp (pgi iagh dius 355 e Jald (tagh il Jole g 0L
N3ley bauzme )3 o po g p 2 Gl piie 00818 () Cund cgjluand oyl (SHb (Sl Sl
Dy blitul g oy glo yadls | eolatwl b aosls lol oo Coled g

b it 93 b b caslito MolS’ 5 s (clalay (P'= MV) as 6lSG oS S 3l L img}y sloasily
g0 A1S5 Jae Il carge b oty iz (5l S 8 o SleiSer o (V) it ()
2 o)ty SadlS i 5 slo st b oIS Gl (s Laee > s jlotund ol
$ookes slallad (ialS ( earhe )0 Cogll g o ol (gilwdnd 3l (655000 3 i el a8 oo
il slocsysls 3l 10l @l ol sl o (6,53 Sl)B )5 gl il Jlub S Lo 5
A8 o 25 (58 ol amlie igel 13 (6 SbglS 2,50, b

1l goi

(g dlis

1o Ay U

V0L VY el s b
V0L IY 18,505k )b
VE O/ YY1y iy g, U
VE /I 1 L g6

:thj'g.\gls
85l
e

P>

sy
JInteractive Physics
IBSE

2 b .(IBSE)‘_g:,)'y'I D59y ol 5 S STyl il 5 ookl b alSG  Suly Jolge gy o(VF20) Shasmoctit wuwld ¢y (goie D L]
NeANO (FY) VY« y55 pole 5590l

@ http//doi.org/10.48310/basic.2026.23339.1606

LS b olRily 2



https://basicscience.cfu.ac.ir/

.:";’.* L 7 & F
f_;ff;_abft&f;du:sﬁa s

JOpFe i



V¥ Hka FY o lowd VY bjsbcd)qé"a’l&&)’goi)b&&gk AER

dodio .

290 51 5 o > & sl 95 5 SIS Wil il manlio (6 53L (olpl (wolte 3 So3b hjgel slotlle ) S
Ol Gy 3 e pr 0ol plysa (s S gi e o0l (g0l )bed Sl g b (B o] oo
(YYVeollSon 5 gadla) o)l (Suwoly puplde o L3yo 0 Jilod )3 lS i

mealio Ll g (o S50 Carge limped Jo 9 Jgesd ) e o & ijgel (i slaistg, (Jl ol b
(VF+ e oblS) Ngd o

03 adyy 48 g ol sl 4Bl dnngs € pale (6859 1 e Sijeeb b IBSE 5850, (il ol 4 gl 5
(Silwdns )3 (6,5 P Cambae 3 1y 005 pSal s (VAVA T Sisog FVAES hap) (o Sesiile (5050 s
608 b 1) Blazst auls 098 58 & 2500 iGras Sloj 650k ol ol )3 w3 e ) (il 5 (o]
S bl 1y oolel dsecs aSST

L TS €28 (o Sol s ol 1 o ¢ S8 51l (gmen (sl sloiloand Jl eslaul S g5 ]
Lol (o8ly hal &8 alosialosl (el oot Il ol S oo wal8 1) (o3 loonly (silore sa2s ISl nilons
Dgud b (2 guuto L;.\;.o.ds)')l u.,)ils- ) gSlJ,\a.& L sy
S g 3 i oY
ToSider 09 9 Mg (69) Sl w0 pole sl 3 gilodnd isu gl caie] 3 (oot glaingh e b
Slasly o jeel  (Solle gilwand slalpl g IBSE cuSy @ (odgime Slllhe jem olpl j3 (YAAA
YH IO IVEIVIIVY TS ST ISLE PRE SRV IPWL £ Jvod) B\ ST PV IS Yo xfl;‘ BV ol g pews )l W sl gl
NS (g2

oS Lo 5 hjgel Jtiomd Sl L olyen ¥ pale (£S5 8 2 ulsl y ord Sl S ) eslital )5 Ghegly 55l
] W15 Sty

b g Jol colw ¥

el S8 09,5 b g3l — ooseliin ook b etalejland g5 5l Gimgl ol

VE N0 oo Lo > ole shiged (s @l dansgio o a2l fjgel 2l 1 el dnol
Design Simulation Technologies «.s'ys 51 .« aseus «S6 b 051 il l3dle 5z gt slya ! I3l
(sl QS5 5 oy ep > o) (giloanndd lmodlsy g oanliio (gldS 5y 2 iomis 3

ABSE ol bjol slysl (sii o

53,8 oanliie |y plucl 3)98 5 3l Slodie (gjloannd b gy oljgel G215 iisjlwalius 5 oaalin al> jo
D3 praitins dlasly iy 9 oy b s ST LTS 5l ol iy ss5lodns 3 g oy Al ye
odly o g So 58 98150 Lo ) sy g oy (sl yialyl puis 1isjbre ool

Lo py> — Coll Cas puo? g €y Ca yuo — Sl p P Cumidg 90 0 AT Oyt sl tboodly oo

* Holliday

2 Bruner

3 Vygotsky
4Kolb

® De Jong

5 Van Jolingen
71BSE



\\C'O)Ledcf" b)lo.».:}c\" b)gacd)@ﬁy&&}yi):ﬁsk K

28 Jelbss |y ©ld b gl g annlie 1) 095 (sloaidly 09,5y 1 lijl g (29)5 (S aoms
b a5, 15 1 ol o sl gl Sibe 9 A5 LS5 b dw tled] i cleMbl s 5§ lisabol joliio 4

|y 355 Uil cpinlas] g (6 Kutua s conlite b 16 055 o pite |y ligel ils 48l (553l 43 S IBSE 3,0,
lodd (g3lwosly WSS porte oy sly 355 s5b 43Sy (nl oo oioR cl 53 il

0S5y e S 500 Syle 4 el caslite o (V) ey g (M) oy b i ygbs s (P) e S s 1S5 L]
rb.b:da&.s l.:i P> u.\.w))l);mb‘mb L,ul.: ;,&).w)fl c‘_r&:.'bgq.)w@);]):m)udu& Ls] Wi UM ﬁ‘f@l)cp;)l.)

WINPT WS
.w\wt:.a(m)P);?l{(P)ulasaslS;;guﬂoLzb&s@ljo)y)si P A (Sl
.C;‘..»lwt}.o(V)uﬂb(P)ub&&‘Pﬁ&Sl)&@Ub)w)b: s sy (Saantly

S Jols o3l (gl G e Jolye 33 sl (sl e e bl (ilore (aButlejl lasre lgis 4y b 9038yl
ey 9358 ilais o |y S ot el pr (e 13 ol 22 5 008 (oo sl (8] s S (59 S o Sl 3
..3903 saaliino |) W) 4.¢..»l:>m L5 9 dl:\lé.xl



AR (IBSE)odj901 gy 2yl 53 S b 98Tyl 1501 51 o3lisen! L S5 (Siaanly Jolgs (o 2

S8 95515 3 WIS 55l dend L oy ) Jgin

il ol il

oz 5351yl asbys 02,55 0

(Rectangle) it 40535 51 okl b ooyl oS (¥

[eT-T@l@

(Sauare) g e aujs L asms :ls)l)3 (F

(Anchor) S 435 51 eolil b b gyl 3,5 cols (¥

(Circle)ols 4,351 5055 slo &2 3I3yl,3 (7

=T |

(Polygon) akosiy 435 L 555 oS (B




\\C'O)Ledcf" b)lo.».:}c\" b)gacd)@ﬁy&&}yi):ﬁsk VY

S 5ud gl g3 AT g5l dand CE L ol o dold] LY Jgun

009y Ol b pod (59,995 o (A b 22 J31 s5ie ()8 5 gt )3 Hige ol (V
i = e
i
RIS &[S alt ] ECEETETT
9365 Py (5 Lasude (Ve (Properties )au ;s ol 99 (595 p SIS sy (4

Col s g bl a3 (M 4 P) (Siansly (o0 52
29 o alas (M=1000KG) Mo i bie S (55, wur 2 -adg) alsis
..)9...3@CA.Q;?QJB)A)AJHEDJAJKS9JJ@)J¢S)>4{L;§J&>@L5LQCA;)Nl.grv.w.';-:C,&).,.»).,..,..Ju"

ol gV e e (KQ)p 2 b (V) o 1SS gliia p i g Sy s b o 93 0,080 51 U aloye 4 bignya (V) S5
(Kg.M/S)u pl Ve (M/S) ey 03100 oY+ (KG)p o L(Y) pones 4155 ca3b o Voo e (KGMUS) b plypd e (MYS) s puo
Al o Yoo

@

8 Fie Edit Word View Object Define e Script Window Help
DEEARBES? K0 AP LD+ R Ruab Sool esel
ca
a’
il

Join® ) )

o |

w=10m/s
& m= 3000kg

2 r=10mys
8= rn= 1000kg

S[127500 6000
Ei[Y




Ny (IBSE) o901 (s, gyl 53 2523 98150l 51321 1 ool b &85 Sty oy g 2
Cul oy blpud )3(V & P) (Siunly (oo 5
2945 sty (M=1000KQ) Moo b o Sy (55 s p 2 dudgl oudadd

Sab e b Al 3 lalind WSS g Wl 1 S 4 il Slacis pu b gl i pw g5

A3l oV eeee (KQM/S)L pl Ve (M/S) e puo o3llgV -+ (KG) oy () omr 45185
A3l Ve (KQM/S)L pl e (M/S) e puo 03llgV -+ (KG) oy L(Y) pur 45185

(P) &S amd o b5 oyl b ol s lSG ¥ o e KG ) v KG 5l oy il b (e poo o390 ) Qi el o
Sl e ST Y Ve J) sy Gl L pn s ) o iabesl 53 cad (M) b alize logite

WSS 6505 Jsop b ialos] (s 93 0 il ool Cuwd 4y dlayly s w0l (gjlwdends (cloodls bawg o (poi dusyd 93 y»
b ool o o0l (ol a5 (gdos yobo &y ytalojl il ycan] (Colf g L) o a5 o3 L5 5 3,3 Cllas Mol

Al 4 S s g pgd OyB&zyjld)Qdd)ajbJp&»wa)pxbjyiuzsb
(1)Fnet =d £

dt

()P = m. ¥

ifm=ace Fnet= m.d% =m.a (v

2ébo agale ligel il sl pSoll B 5 sy 0 1y o5l porho ol Sz 58] ol
S 09 9 Sigr 69) e (laiagh b badl ol awlie sl S5l (o5 Jas b elS (g jlodd slaosls o
Joles aSly g o0 (cogre B yiul 38l Conge hiTd (gilwdndd p gine (6S0L &S amd o L (Ve L) o (VARA
25 (0 35 6353k )l 5 (590 (PRSI LRl el Sl Lo L 0k SL

3l eplio Jis] g ol3dlp s (65l 3,553k b ol e ole (6, SglS 48 S o aub gl (ul IBSE (g5 ol 52
M) S5 550k wilgioe (lolss slojloainsd gt codjoel (g Slais sl 5 95 o Sl s &y i
S JAs (259 9 (es b 4 o)l b

PP ¢
2 ong s pimgs Mol (o )8 aeseine 3 933 53 igel LIS (sogrie )3 Cusl sl 2yl F e el e (Wb
S5l 5 sy poleeslonl polec plisily,

ehigal (s3ytaliy g Gimgh lojle Su3d (LSb) 4ndy wdjlgd b — (¥) S5 (o> SUS(VFN) hyen 9 pbjgel )l
OSiee SlyLisl :oles - lag dgeme (gdan 5 (Sl 1 ol ala) asly G508 (VYY) . b ya STy fply « 55 g0 (s )la

De Jong, T., & Van Joolingen, W. R. (1998). Scientific discovery learning with computer simulations of
conceptual domains. Review of Educational Research.

Kolb, D. A. (1984). Experiential learning: Experience as the source of learning and development. Prentice-Hall
Interactive Physics User Manual, Version 9.0, Design Simulation Technologies, Inc



V\F

293 225 pole (390l 4D LidgR

]
4
%
3

TA Oy

e I

010




Research in Empirical Science Education, Vol. 12, No. 42, PP. 108-115.

[ Special Issue of the 6™ National Conference on Physics Education ]

Research in Empirical Science Education L&‘ o)

Online ISSN: 3115-8889

Home Page: https://basicscience.cfu.ac.ir Farhangian
University

Investigating momentum dependence factors using interactive physics tools

within the framework of educational methods (IBSE)

Hossein Mohtavil*, Mohammad Qasem Najand?

1. Department of Experimental Science Education, Farhangian University, Allameh Amini Campus, Tabriz, Iran.
2. Department of Physics Education, Farhangian University, P.O. Box 889-14665, Tehran, Iran.

* Corresponding author: (£2 mohtavi2001@mail.ir)

Article Info

ABSTRACT

Article type:
Research Article

Article history:
Received:
2026/06/17
Received in revised
form:

2026/06/20
Accepted:
2026/06/20
Available online:
2026/06/20

Keywords:
Simulation,
Momentum,

Mass,

Velocity,
Interactive Physics,
IBSE.

This study was designed and implemented with the aim of measuring the dependence of
the quantity of linear momentum on two fundamental variables of mass and velocity in a
virtual educational environment, using the powerful Interactive Physics simulator (version
9.0). The central educational approach used was the Inquiry-Based Science Education
(IBSE) method, which, based on the principles of constructivism, takes the student out of
the passive receiving mode and engages him in the active process of observing, asking
questions, hypothesizing, experimenting, and deducing scientific laws. In this framework,
instead of maintaining relationships, learners achieve a deeper understanding of physical
concepts through direct interaction with variables and analyzing results. The statistical
population of the study consisted of 32 ninth-grade high school students (only boys) in the
academic year 1404-1405, who were studied in a quasi-experimental pre-test-post-test
design with a control group. The data collection tool included a researcher-made test to
measure the conceptual understanding of linear momentum and a checklist for qualitative
analysis of the learning process. The stages of the research included a detailed explanation
of the research problem, the formulation of hypotheses based on the theoretical
foundations of classical mechanics, the design of simulation scenarios, the controlled
manipulation of mass and velocity variables in the software environment, and finally the
statistical analysis of the data using descriptive and inferential indicators. The research
findings showed that the quantity of linear momentum (P = mv) has a direct and
completely proportional relationship with both variables mass (m) and velocity (v), such
that an increase in either of these variables linearly increases the amount of momentum.
The simulation results in the virtual environment were in full agreement with the
theoretical predictions of classical physics. In addition, qualitative data analysis showed
that the use of interactive simulation has enhanced conceptual understanding, reduced
common intuitive errors, and actively engaged students in the learning process. These
results emphasize the effectiveness of combining simulation technologies with an
exploratory approach in teaching fundamental concepts of physics.
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