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STATISTICAL ANALYSIS OF MONITORING DATA BY MICROCOMPUTER

by D.T. Coker

The cost of microcomputers has now become so low that relatively
powerful machines are within the budget means of the average
occupational hygienist.

The applications of these computers in the hygiene area may not
be obvious and programmes of use to the hygienist are not
abundant at present.

In order to present applications and programmes for the hygienist
the BOHS Technology Committee decided to start collecting and
publishing these.

This is the first such paper and gives a programme which enables
hygiene data to be analysed and presented in an understandable
manner.

The author would welcome any programmes from hygienists to include
in this series, covering any aspect of hygiene.

The programme given here is for processing any set of data for
graphical presentation as a probability plot. This is a very
convenient way of presenting data as it enables observations and
predictions on the relationship between the data and exposure
limits to be made.

Typical information which is required from hygiene data may
include:-

- what is the typical exposure level?

- vwhat is the average exposure?

- does the workplace comply with the TLV?

-~ what is the probability of exceeding the TLV?

- if the TLV is lowered, will the workplace then be out of
compliance?

The probability plot is a simple understandable way of presenting
data so that such information can be easily extracted from what may
otherwise be a confusing mass of numbers.



Most statistical procedures are for normally (gaussian) distributed
data but in general hygiene measurements tend to be lognormally
distributed., However, this is not a hard and fast rule and so it
is advisable to first test the data distxibution using fit factors.
The statistical parameters of the mean and standard deviation can
then be calculated for the appropriate type of distributicn, and
the datum points can then be plotted graphically using probability
paper with the appropriate concentration axis.

There are many ways of testing for distribution and this paper

does not intend to review or compare these. The particular procedure
~ the Filliben probability plot correlation coefficient ~ is used
here as it is applicable to this type of data, convenient for
incorporating into computer programmes and the significance level of
the coefficient, which is maximum at unity, can be read off ome
table,

Ref- Filliben, J.J. (1975) Technometrics 17, No.l, 111-117 Feb. 1975.
The programme is written in basic, originally for a Commodore PET 2001,
but this should be easily translatable to other variamnts of basic.

Line nos. 460 and 470 have been left vacant to allow commands to

be inserted directing output to a line printer; line 1300 is also
left vacant for printer termination commands.

The Programme Procedure is as follows:-

Line nos.

80 - 130 inputs name of data set and number of values

160 - 180 inputs each value

200 - 270 rearranges the values into ranked order, lowest to highest
280 - 290 converts each value to a logarithm

300 — 340 calculates means

350 - 430 calculates geometric standard deviation

480 —~ 580 prints table heading, means and GSD

700 - 740 calculates the plotting position for each value on the
probability axis

750 - 1020 calculates and prints the fit coefficient for lognormal
distribution



ine nos.

590 — 660 calculates and prints normal standard deviation

1090 calculates and prints the fit coefficient for normal
distribution

1120 — 1200 calculates and prints the coordinates for drawing the
theoretical fit lines for both distributions

1220 - 1280 prints table of data values and their probability
plotting position so that the graph can be plotted

The fit coefficient closest to unity indicates which distribution
the data fits best. This programme calculates normal and lognormal
fits but it may be possible to incorporate other distributions if
required, but the fit factor may not be applicable to all
distributions.

The Filliben paper referenced above gives signficance levels for
“the coefficient.

An example of 20 points is given below showing the computer printout
and the probability plot.

'Test Set of 20 Data Points'

3.0, 33, 1.7, 4.4, 1.3, 4.1, 12, 17, 6.2, 2.5, 4.2, 0.47, 4.2, 7.9,

1.4, 0.70, 10, 19, 2.2, 2.3



Program listing

18 PRINT"DRTACRUNCH" -
20 FRINT"THIS FROGRAMME CALCULATES MEANS.STAHDARDIEYIATIONS AND DISTRIBUTION®
38 PRINT"FIT FACTORS FOR LOGHORMAL AHD MORMAL  DISTRIBUTICNS® :
40 FRINT"THEN TAEULATES DATA IN RANKED ORDER WITHFROBRBILITY PLOTTING POSITION
S8 PRIMT"FOR EACH POINT®

60 FRINT

76 PRINT

86 PRINT"ENTER MAME OF DATA SET"

98 FRINT

198 INPUTAS

118 PRINT

120 FRINT"ENTER NO OF DATA POINTS" |
138 INPUTH

14@ PRINT'ENTER EACH DATR FOINT FOLLOWED BY RETURN®
156 DIMACND ., BCNY, TCHY L XD, KIND L HOND S LD, ' END L Z2CH)
160 FORI=1TON

178 INPUTH(ID)

186 MENTI

196 F=8:5=0:T=0:G=0:N=@:Z1=0:72=8:Z23=0

289 FORI=1TOCN-1) .
218 IFHCII<=HCI+1>THENZ6@

228 Y=H(ID

238 H(D=HCI+1)

240 HCI+1h=Y

250 F=1

268 NEXTI

270 IFF=1 THEN15@

280 FORI=1TON

298 ACDI=LOGCHCID)

300 S=S+ACI)

318 T=T+H{ID

328 NEXTI

3308 M=3/N

348 R=T/N

350 FORI=1TON

366 BCIY=ACI)-M

378 D=ABS{ECID)

268 G=G+D¥D

333 NEXTI

488 Y=G/(N-1)

418 C=SER:Y)

420 P=EXF(L)

438 Q=EXF (M)

440 FRINT

458 PRINT

480 FRINTAS

430 PRINTN"VALUES, RANGE"HC1 3 " TO"HCH) .
508 PRINT® : . "
S10 FRINT*FOR LOGNORMAL DISTRIEUTION-"

528 FRINT

538 FRINT

540 PRINT"GEOMETRIC MEAN="; INT(Q#100G+.5) /1650

558 PRINT"GEOMETRIC SD="; INT(F¥1@g+.5)/100

S60 GOTOS28 ‘ ’

SR J=D:71=0:72=0:23=0

550 FRINTCERITHMETIC MEAN="; INT(R#166+.5)/180

538 FORI=1TON

666 ECI)=HC(I>-R

618 D=ABSCE(IN

620 J=J+D#D

638 NEXT I

648 V=1 (-1

€58 C=3HR (Y

€20 FRINTSTANDARD DEVIATION="; INT CC¥1000+. 5),/1008
&70 W=hi+{

650 GOTO356

658 W=h+1




898
266
oia ¢
926 M
i)
548
950
fe@
876
958
acly

K{N)=.37¢1/M)
KC1)=1-K(MN)
FORI=2TO(N~1)
K(I)=(I~.31730/ (N+. 365>
MEXT 1
Li=2,5153517
L2=,8023332
L3=,016328
Di1=1.432738
nz=, 185269
D3=. 681363
FORI=1TON
O=0+K<ID
IFKCIXD . STHENSSE
=K{1o
GOTOB7S
E=1-K(ID
TCIF=SAR(LOGCL/(RHED 32
MEXTI
H=0/N
FDRI 1TON
RLD=TCIx- (L1+L2$T(I)+LQ#T(I}$T(I>)/<1+D1$T(I)+DE¥T(I)#T(I)+D°*T(I)
MEXTI
FORI=1TON
IFK(IaL, STHENK(I)-hx(I)
HERTI
FORI=1TOH
Zi=21+ECI 3R (1)
22=Z2+BCIYRECI)
ZI=ERERCI#ERCDD

1616 TFiZTHEN 098

18286 PRINT"FILLIBENS FIT FACTOR, R—“aINT((21/°GR(22*23))§15689+ 52/168000
1838 PRINT

1848 PRINT

1856 PRINT"FOR HURNHL DISTRIBUTIBN-"

1668 PRINT

1876 PRINT

1686 GUTOSYE R
1628 PRIMT"FILLIEENS FIT FHCTUR:R—“:INT((41/5QR(22*_3)}*1BBBQ+.5)HIBUB
1198 PRINT

1118 PRINT :

1126 FRINTTHEORETICAL FIT LINE PLOTTING POINTS"

11368 PRINT"VALUES", "FLOTTING POSITIONS® .

1145 PRINT"FOR LOGNORMAL DISTRIBUTION

115G PRIMTINTC(GA¢P T, 645130 r#t0005+, 5)/16060, "S5, 8% FROEABILITY"
1166 PRINTINTL(Q#C(P 1. 645132 ) #1808+, 5>/108, "55. 8% PROBABILITY"
11786 PRINT

li2@ PRINT"FOR MORMAL DISTRIBUTIOM"

1126 PRINTINTC(CR-C#1,84513)# 100668+, 5) /10800, "5.0% PRQBHBILIT?"
12608 PRINTINT((R+CHL. 545120%1080+,.5)/168, "93. 87 FRUBAREILITY"

121 FRINT .

1226 PRINT"DATA PLOTTING POSITIOMS®

1238 FRINT

1248 PRINT"YALUES", "PLOTTING POSITIONS"

1256 PRINT

1268 FORI=1TON

1270 LIDy=INTRCDD#1086+, 5)#18

1288 FRIMTHCI) LCDD

1296 MEXTI :

- 1316 END

RERDY.



Printout of results for test set (see text p.3)

TEST ZET
28 YALUES, RANGE .47 70 33

———— ——— —

FOR LOGHORMAL DISTRIEUTIOH-

GEOMETRIC MEAN= Z.929
CEOMETRIC 50= 2,03
FILLIEENS FIT FACTOR.R= .9955

FOR MORMAL DISTRIEUTIONM-

ARITHMETIC MEAM= EEE%?’Gv?”q
STHHDARD DEVIATION= 3,854
FILLIEENS FIT FRACTOR. F‘ pessia

THEORETICAL FIT LIME PLOTTIHG FOINTS

YHELUES FLOTTIMG FPOSITIONS
FOR LOGNORMAL DISTRIBUTION
JESET S.0% PROEREILITY
24, e QS 0% PEOERAERILITY
FOR HORMAL BISTEIBUTIDH
-5, 4287 S.9¥ FRIEREILITY
8. 18 058X PROBAEILITY

DATA FLOTTIHG FOSITIONS

WHLUES PLOTTIMG FOSITIONS

.47 S.d
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