PhET .. e Pacnpen. nonagaHwii CHapsaoB

The Projectile Sampling Distributions simulation allows students to engage in hands-on data
collection and analysis through the rich context of launching projectiles. Explore how different launch
parameters create a variety of distributions as you watch the Central Limit Theorem come to life!

MopgenvupoBaHue pacnpeaeneHns Bbibopkn CHapsiA0B NO3BONSET CTyAeHTaM 3aHUMAaTbCS
npakTM4Yeckum c6opomM 1 aHann3oM AaHHbIX B LLMPOKOM KOHTEKCTe 3arnycka cHapsgos. Mccneayiite,
Kak pasfnunyHble napameTpbl 3anycka co3daloT pasnnyHble pacnpeeneHus, Habnogas, kak pabotaet
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Projectile Sampling Distributions @ D) PhET

*) LleHTpanbHble npeaenbHble TeopeMbl (LIMNT) — knacc Teopem B TeOpun BEPOATHOCTEN, YTBEPXKAAIOLLNX, YTO CyMMa
[0CTaTO4HO 60MbLIOro KoNMYecTBa criabo 3aBUCUMbIX CIyYalHbIX BEMWUYMH, UMEIOLLUX NPUMEPHO OOMHAKOBbIE MacLLTaObI
(H1 ogHO M3 cnaraeMbix He JOMUHUPYET, HE BHOCUT B CyMMY OMpeAensitoLLero Bknaga), UMeeT pacnpeaerneHve, bnmskoe K
HOpMaribHOMYy.

HopmanbHoe pacnpefneneHune, Takke HasbiBaeMoe pacnpegeneHmem Faycca unu Naycca — Jlannaca, wunu
KOnokonoobpasHas KpnBasi — HeMpepbIBHOE pacrnpeieneHne BePOATHOCTEN C NMUKOM B LIEHTPE U CUMMETPUYHBIMU
OOKOBLIMW CTOPOHaMM.



Insights into Student Use

= Unless prompted, students may not notice they can scroll through previous samples and watch the
mean of each sample bounce around on the field.

= Students may not realize the samples can be launched at normal or fast speed.

= When on continuous sampling mode, the samples immediately land on the field with the mean shown.
Continuous mode allows for faster creation of the sampling distributions.

MHdopmauma o6 ncnonb3oBaHUMU yyalwmMucs

* Yyaiwumecsa MoryT He 3aMeTuTb, YTo 6e3 COOTBETCTBYIOLLIErO 3anpoca OHWM MOryT NpocMaTpmBaTth
npegblaywune obpasubl 1 HabnwgaTh, Kak cpegHee 3HadYeHne Kaxagoro obpasuya otobpaxaeTcs Ha
nosne.

* Yyalumecsa MOryT He 0CO3HaBaTbh, YTO 00pasLbl MOryT 3anycKaTbCs C OObIYHON UITM BbICOKOW
CKOPOCTbHO.

* B pexxume HenpepbIiBHOM BblI6OpKkM 06pasLbl HeMeaneHHO NonagatT Ha Nosie C NokasaHHbIM
CpegHuUM 3HadeHneM. HenpepbiBHbIM peXxnm No3sonseT bbiCTpee co3gaBaTb pacnpeaeneHuns
BbIGOPKMN.

Suggestions for Use

= Each launcher is preset to have different parameters for the launch angle and launch speed, providing
six unique parent distributions from which each sampling distribution is created. You can leverage this
design feature to reinforce the Central Limit Theorem holds true regardless of the shape of the parent
distribution.
= Use the field sign to scroll through previous samples quickly as you watch the mean bounce around.
With the sound on, you can hear the difference in variability for each sample size.
PekomeHaaunu no ncnosib3oBaHUIO
 Kaxkgasi nyckoBasi ycTaHOBKa NpeABapuTeNbHO HACTPOEHAa Ha pa3nuyHble napamMmeTpbl yrna
3anycka M CKOpoCTU 3anycka, YTo obecrneynBaeT WeCTb YHUKANbHbIX POANTENbCKMX
pacnpeaeneHunin, N3 KOTopbiX CO3aaeTca kaxaoe BbiIbopoyHoe pacnpeeneHme. Bol moxeTte
NCNONb30BaTh 3Ty KOHCTPYKTUBHYK OCOBEHHOCTb AN NOATBEPXKAEHMS TOrO, YTO LeHTpanbHas
npeaenbHasi Teopema BepHa He3aBUCMMO OT (POPMbl POAUTENBCKOro pacnpeaeneHus.
* icnonbaynte 3Ha4vok Field, 4Tobbl ObICTPO NPOCMOTPETHL NpeabIayLUME ONbIThl, HAbMaasn 3a
N3MeHeHMeM cpegHero 3HavyeHus. Npu BKNIOYEHHOM 3BYKE Bbl MOXETE YCrbIlaTh pasHuLy B
BapnabenbHOCTM A8 KaX4oro pasmepa npumepa.

Sample Challenge Prompts

= Explain to a neighbor how a dot in the histogram appears for any sample size.

= Describe your confidence in predicting the mean of any ‘next’ sample when you have zero data points
on the histogram? Five dots on the histogram? As you increase the number of dots on the histogram
in general?

= Describe your confidence in predicting the mean from a sample as the sample size changes.For
launcher 4, sample size 2, launch many samples. Estimate the probability of the next sample
having a mean of 47 m or lower. Repeat for samples of size 5, 15, and 40. Explain how your estimates
changed, and why they may have changed in this way.
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Moackasku AnNA npoBepKku BbIGOPKU
» O6BbSACHUTE coceay, Kak oTobpaXkaeTcst ToYKa Ha rmctorpaMmme npu nobom pasmepe BbIOOPKU.

» OnNuwnTE, HACKONbKO Bbl YBEPEHbI B Npeacka3aHnn cpeaHero 3HadeHnst anga nobon "cneaytowlen”
BbIOOpPKM, KOraa Ha ructorpamMmme Homb Tovek AaHHbIX? [aTb Toyek Ha ructorpamme? Korga Bbl
yBenunymMBaeTe KOMYeCcTBO TOYEK Ha rMCTorpaMmme B LiesioM?

» OnuwKnTe, HAaCKOMNbLKO Bbl YBEPEHbI B MPOrHO3MPOBaHUM CpeHero 3Ha4eHns no Bblbopke npu
n3MeHeHun pasamepa Bblbopkn. [N nyckoBon yCTaHOBKU 4, pa3Mmep BbIOOPKM 2, 3anyCTUTE MHOIO
Bbl6opok. OLeHnTe BEPOATHOCTL TOro, YTO creaytowas Bolbopka dyaeTt nmeTb cpegHee 3HaveHue 47
M Unun MmeHbLle. NosTopuTe aAnsa obpasuos pasmepoM 5, 15 1 40. O6bACHUTE, KaK U3MEHUUCL BaLL
OLIEHKM 1 MOYEMY OHU MOTIN N3MEHUTBLCS TakuM 0b6pasom.

Customization Options

Query parameters allow for customization of the simulation, and can be added by appending a '?' to the
sim URL, and separating each query parameter with a ‘s’. The general URL pattern is:
.html?queryParameterl&queryParameter2&queryParameter3

To run this in Spanish (1ocale=es), the URL would become:
https://phet.colorado.edu/sims/html/projectile-sampling-distributions/latest/projectile-sampling-distributions_all.html?locale=es

€3 Indicates this customization can be accessed from the Preferences menu within the simulation.

Query Parameter and Description Example Links

€ autoGenerateData - makes it so the launch autoGenerateData=true
button generates a full data set. Default is false.

& audio - if muted, audio is muted by default. If audio=muted
disabled, all audio is permanently turned off. audio=disabled

& launchSound - the pitch of the launch sound  launchSound=angle
can represent either the initial speed or angle of

the projectile, or can be turned off with none.

Default is speed.

@ playLandingSound - specifies whether a playLandingSound=false
sound is played when a projectile lands. Default is
true.

locale - specify the language of the simulation 1ocale=es (Spanish)
using ISO 639-1 codes. Available locales canbe  1ocale=fr (French)
found on the simulation page on the Translations
tab. Note: this only works if the simulation URL
ends in “_all.html”.

allowLinks -when false, disables links that allowLinks=false
take students to an external URL. Default is true.
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supportsPanAndZoom - When false, disables supportsPanAndZoom=false
panning and zooming using pinch-to-zoom or
browser zoom controls. Default is true.

See all published activities for Projectile Sampling Distributions here.
For more tips on using PhET sims with your students, see Tips for Using PhET.
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