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Chester Callege of Uigber Edtiriition 
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1. What is a statistical simulation? 

A staristicat sirnulacion is a rx~odel of a real situation in which chance 
or random factors era involved. In a queuing siruatioir, for example, a 
sirnulacion can be used to help answer questions such as: 

r How many pumps Ire needed at a petrol station? 
* Ef aw many pay booths are required at a toll bridge? 

Is a central queuing system more efficiet~t than quetres at separare 
counters irt a bank or post office? 
Will the introduction of an appointments system mean that a docmr's 
patients will have to wair. shorter iengrhs of  rirne far cansultation? 

In ardcr to answer rhese questions tlle simulation will need ro nxodet 
both rhc arrivnts of  cars, or cuscamers or patients, and the rime taken ro 
"process" each one. Chance elements came into play at both ends of the 
queue, arrivals and departures, and these chance factors must he built irira 
rhe model. This is a fairly advanced starisrical simufaeiozz and i s  
explained in Ro~ncefield and Hoimes (1 383). 

'I'he sitx.lplest crafGc sirnulacion catt be based on a "one way'' srrecr. 
Here the problem is described in Fig. 1. 

Pupils can use rfie data provided in the text or they can collect chcir 
own data on  a one way street near their sck0~1, First of aI1, the resui~s a 1 1  

be examined to find the longesr time a pedesrrian would have to wait to 
cross the mad. En order to get a fuller picrurc, more darn is needed, ad 
chis will take a considerable rime ro coltecr, we can generate Ftlrchet 
results in a simulation. In order to do this a frequency rahfe can be drawn 
up and relative frequencies caict~lacrd. Thesc eelativc fr.eqtrcrlcics can be 
used as probabilities and further resufrs gtlerated using rarldom numbers 
or a spintlcr as in Fig, 2. 

The class can t i ~ r n  discuss the original problem: "Is a pedesrrian 
crassing ~xeedrtd"? A simulation cart then be rust to see whar would happen 
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if a pedestrian crossing was introduced: 

t How long will pedes~rians have zo wait? (on average). 
I How bng  will vehicles have to wait? (on average). 

3t1ir a Ute second of the b n g n  slmulalrOns. 

Do they have to war 1 0 0  IOnpiwtauw or the crrrrs? 

I wwr d us €Odd as4 I c f  we 

ro and Robert deodc to carry out s survey. 

nohtt l n l r s  Kitti  cto$sity t l ~ e  ~ i t e c t  

It %akC% her 20 s t c o ~ ~ J r  iu walk .urars safely (using l t l t  Green 
Ctors Code 1 
it 15 a mde orre-way rfrtrc wr%I lraflic menttg vtry qu&y 

the t m ( m  #con 

Rob+it Ws a watch moth d E C W  hand. [ 
He says Naw mry 26 sctmdr. 

Kwn ha$ a mortiing sheet. 

fath tlrnt ROb+<t 3~ OkM; she writes hew many uchclw b e  
passed m the last 20.s~cOnd patled 

Figure 1. Onc-way street 
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We cin ure t + I n i v t  rrequeotitr ro t$t*rrwtcrhe cllanca w 
probability of @El1 rrrull 

I'l Cw rlre taut afld fill In the otlr~r retarhe frequent&$ 

I Now make d One-way slfoec' ro~nncr tc do at sirnoladon 
expctimmt. 

YWtr #r n wr#Utmt Jar Ibis rnirrrtcr it mu I r e #  tielo. 

fq re expta~n why it  1s designed chit wy 

Figure 2, Keletiue fiquencie~ 

Siwxuktiutt t z d  realiry, 
This "One Way Street" sirnufarion has some irnpurtant features: 

. Real data are used. 
!. Reiarive frequency is used as an estilnate for probability. 
i. Swcisrical and prababiliry ideas and skills are linked and used in 

conjuncrian. In many cases, pupils work either wirh probability or 
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3% STATISTICAL SIMULATION 

statistics, rareiy with both. In the minds of many pupils (artd teadters) 
statistics and probabiliry are separate entities and links between rhen 
rarely made, (One exceprion being the tabulation and artalysis of a 
probability experiment). 

Two zvay street fimahtiola 
Using the skills and ideas acqt~ired in the Cine Way Srrccc sirnutatiopt, 

can progress to a more cotnplex simulation; a two way street in 
wlliciz: 
t Traffic approaches from two directions. Two sets of observ;lcions are 

required to generace probabilities so that a two-way flow can be 
simu tared, 

* I%rdsrrians arrive at both sides of the screcr, wishing to cross over. 
Again two sets of data are needed ro simulate this two-way Row. 

ALrogether 4 Rows are involved in thc sirnufation, A team of pupils 
can work together using a map and toy cnrs and figures as sl~own in Fig. 3.  

Figure 3, liuo riwy scree$ 

The simulation can he run both withoktt and rhen with the pedestrian 
crossing. 

A Inore enjoyable, although possibly more chaotic version af this 
simulation, can be run by drawing a roadway on the pIayground in ctlatk, 
I'ttpiEs themselves can take the roles of  pedestria~is and cars. 
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2 Population models 

Many pilipils are inreresoxi in ecology and conservadon issues. They call 
ure library books to research data an rhe breeding and rnorraliry of 
cndr~tgered species. As ornirhobgisrs are such enthusiaseic observers and 
eolleccors of information, some of the best data available relate m bird 
popt~lations. 

Fig. 4 shows 71 flow charr showing the processes involved in rnodeiling 
a 2 yeat breedittg cycle for a pair of Royal albatross, 

Figure 4. Rayni atbarns rlmulati~n 
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Each decision box in the flow chart requires randoraised rcsulcs bascd 
on probabilities caiculated from real data. 

3. The use o f  statistical simulations ia the classmom 

In these statistical simulations, probability and statistics appear as 
interwoven strands of the same tlieme rafher than. as disjoint areas nf 
~nathemarics. Real siruatiorls are studied and real data are used. 

Mathematics is applied in red context of interest to the pupit, 
Statistical sirnufatior~s provide the opportunity for cross-curricular 
prajects. Situations can be modelted from numerous strbjcct areas 
including: Ecology, Biology, Population Studies, Business AppIicarians, 
Physics atld Mechanics. 

Srudents are also motivated to write simple programs for graphicat 
calculators or micro computers, 

Acknawledgements 
Figures 1, 2, and 3 are cake11 from the Nandling Data Extcizsdow Ykzr 

7/8 book, part of the Centzrry Math$ atarerials published by Sraniey 
Thornes. Figure 4 11s been reproduced from the HanAlitrg Data Evt~~tsinPr 
f iar  3 book in the same C e n t ~ v  Math series. 

Bibliography 

Hudson B, and Rouncefidd M. (1 99 I), Hatidtirlg Ddta Exte~izion Year ?/8, 
frun~ rhc Cenrury Marhs series, Cheltenham, S ~ n l e y  Thonles, U.K. 

)Itidson B, and Rouncefield M. (1392), /?lanrldiag /;lattz Extension Year 9, 
from rhe Century Maths Series, Chelrenharn, Stat~ley Tharnes, U.K. 

Rouneefield M, and Hoimes P. (1989), Pmcticrtl Stasisri~, Maemillan 
Education, )Landon. 

IASE/ISI Satellite, 1993: Mary Rouncefield




