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Introduction

An algorithm in BASIC has been developed for the desk-top mini-
computer HP9830A* for statistical studies of rock standards analyzed
by quantitative direct-current arc emission spectrography. The homo-
geneity of these rock standards must be determined, so that the
geochemist and chemist can use them as references.

Three bottles containing samples of the rock standards are chosen
at random from those available. Two samples are taken from each
bottle and are arced in random order. Their spectra are recorded on
glass photoplates. The concentrations of the selected elements in
each spectrum from each sample are determined (Bastron and others,
1960). These concentrations then are used for an analysis of variance
in the tabular form of the BASIC algorithm.

Both algorithms reported in this communication (general and spe-
cial tabular form) are being used to check new analytical methods for
accuracy, by comparing the mean with recommended values, and also for

precision.

* The mention of a specific product is for the purpose of iden-
tification only and does not constitute endorsement by the
U. S. Geological Survey.



Equations

The equations for the algorithms were obtained from
F. J. Flanagan (personalicommumication, 1978), Dixon and Massey
(1957), and Box and others (1978).

X;. = concentration of an element in the 1th bottle

ij

T

total of all thet“easured concentrations of the same
element in the i bottle

T.i = xil + x_iz + LA N N N N} + Xij
grand total =G = T1 + T2 + Té + ceeeset T1

I = total number of bottles used

J = total number of determinations per bottle
mean = M = G/(I+J)

correction factor = C = G2/(I+J)

Thé sums of squares (SS) are as follows:
2,

1.2

2
1) SS bottle means = Bl = (T1 + T, 3

+ o.oooo+ le)/J-'C

2 2

. _ oyl
2) SS total variation =Tl = (X nt X 12t X 21 *

coet X500
3) SS within =W =T1 - Bl
The degrees of freedom (DF) Are as follows:
1) DF bottle means = B2 = I-1
2) DF within (Error) = R =1 .
3) DF total = T2 = I+ - I

The mean sums of squares (MSS) are as follows:

1) MSS bottle = B3 = B1/(I-1)
2) MSS within = BB = Wl/I
3) MSS total = T3 = T1/(I-J-1)



F ratio = Bl/Wl. When the F ratio is less than that in F tables
(Box and others, 1978) at a given percentile level and for appropriate
degrees of freedom, then the bottle variance is not significant;
therefore, one may infer that the sample is homogeneous.

difference = D = B3 - W3 (can be negative)

bottle variance = E = D/J

bottle standard deviation = El1 = El"2

error standard deviation = H = (1'13)]/2

The above equations are used to write two BASIC algorithms. The
first is the "Analysis of Variance for a one-way design of I bottles
of a sample, J determinations per bottle, and Z elements". The second
is a special case of the first algorithm, and it is in tabular form.
This algorithm is the “"Analysis of Variance for a one-way design of
three bottles of a sample and two determinations per bottle". These
algorithms are described below; both algorithms may be modified to

meet the needs of the user.

Genefa] Statistical Analysis of Variance Algorithm

A detailed flow chart for the BASIC general statistical analysis
of variance is given in figure 1 (Bycer, 1975). The general algorithm
itself is in figure 2. An example of the printout is shown in figure
3. The date, job number, requestor's name, analyst's initials, pho-
tographic plate number, and title are on the first five lines.

Printed on the next line is “"Analysis of variance for a one-way
design, I bottles of a sample with J determinations per bottle and Z

elements". I, J, and Z are replaced by the number of bottles, number
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of determinations per bottle, and the number of elements,
respectively, and these numbers in the example shown in figure 3 are
3, 2, and 1. Figure 3 illustrates the analysis of variance for deter- ‘
minations of Mg concentrations by a selected spectrographic method;
the wavelength used for Mg is given in line 8. A table is printed
Tisting the bottle number, the determination number for a given
bottle, and the corresponding concentration in either percent or parts
per million. The mean concentration is calculated and printed. Under
this is another table containing five columns: the source of
variation, sum of squares, degree of freedom, mean sum of squares, and
F ratio. The bottle variance, the bottle standard deviation, and the
error standard deviation are printed under the table. If the bottle
variance is negative, "Bottle variance is negqtive“ is printed. Then
the error standard deviation is printed, but not the bottle standard
deviation, which is an imaginary number. To simplify this algorithm,
all data must be manually corrected for significant digits for the
specific analytical method used. '

Any part of this general BASIC algorithm may be altered.
Photographic plates, time, laboratories, etc. may be used as the

variable of classification instead of bottles.

Tabular Form of the Statistical Analysis of Variance Algorithm

The second algorithm is a special case of the first. It is the
"Analysis of variance for a one-way design, three bottles of a sample

and two determinations per bottle" in tabular form (figures 4 and 5).



Figure 6 shows the form of this algorithm that contains most infor-

mation found in the general a1gorithm.

The tabular algorithm has an added feature not in the general
program; after the concentrations are entered, they are all displayed.
The ‘user can check these entries for errors. If any entries are
incorrect, all concentrations are reentered and checked again; thus,
errors can be eliminated before calculations. Although this feature
has satisfied the needs of this laboratory, it can be easily modified
to check and correct individual entries. Al1 data for quantitative DC
arc spectroscopy should be corrected to two significant figures.
Below the table, elements looked for by not found in quahtitative
emission spectrography are listed. | '

This program caa also be modified to use other variables of

classification (figure 7); thug,one may use two or more photographic
plates, one bottle per standard, and two or mofe samples per standard

per plate. The samples are arced in random order.

Summary
Neither algorithm corrects for significant figures, and data

should be rounded for future use. Both algorithms may be modified to
change the variable of classification; both algorithms may be used
with any computer involving BASIC by making only minor adjustments in

the program.
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Figure 1 - Flow chart for the BASIC algorithm for analysis of sariance ©
s a one-way design for I bottles of a sample and J determinations

per bottle.
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H
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i########################################3############ﬁ######i

1731779 AM9S

‘REQUESTOR : FLANAGAN

ANALYST :HR
D242
QUANTITATIVE SPECTROGRAPHIC ANALYSISs STANDARD RJM-22

ANALYSIS OF YARIANCE FOR A ONE-WAY DESIGM, 3 BOTTLES OF R
SAMPLE WITH 2 DETERMINATIONS PER BOTTLEs AND 1 ELEMENTS

-

ﬂNﬂLYSIS OF YARIANCE FOR MG  283.21NM
FEEFEFFTXFIRFFAFRATREFIFEEEES

BOTTLE DETERMIN- ANSKER

$ ATION # PPM

1 1 320.0

1 2 240.0

2 1 300.0

2 2 340.0

3 1 410.0

3 2 450.0
MERN = 343.3
SOURCE OF SUM OF DEG. OF MEAN sunM F
VARIATION SQUARES  FREEDOM OF SQUARES  RATIO
BOTTLE -
MEANS. 24133.3 2 12666.7

) ' 7.54

ERROR 4800.0 3 1600.0
TOTAL 28933.3 s
BOTTLE YARIANCE =  S5233.33
BOTTLE STANDARD DEVIATIOH = 72.34
ERROR STAMDARD DEVIATION =  46.00

SREBHBRGRHERBU AN RNABEBHA NS RHBUBEHRHRRHRNBRBRRRRARRNY

Figure 3 - An example of a printout for the general
statistical analysis of variance algorithm

U. 5. GOVERNMENRT PRINTING OFFICE : 1959 O - 511171
887100
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Start ;

569 | G=C=M=S=Y=F=p

2p Print 1

3

3\ Instructiogs 679

59  SNootceeeer

689 '
ng 1) Date? > T(N) = P
138 2) Your iritials? :
158 3) For whom? }
179 4) Job #7 [ |These were -
199 5) Plate.#? ¢ fplaced to-
/ ( gether for - =
simplicity g
= | display and result “0°2
ko /’ input are
129 ‘1) Date S alternated Unlike general program need
149 2) Initials nter 2 dim, array since this is
169 3) For whom - 71 jconcentration|printed after all the conc.
189 4) Job # : have been entered and checked ~
209 5) Plate #
729 T(N)=T(N)+X(N,0) This sums the det. per bottle:
279 Print 739} S1=(x(N,0))22 This squares the determination
299 above 74p] $=5451 This sums the squares of the det.
" 7591 0=0+1 -
2 (atter )
NO

Yes
39 m Print 60| Y =¥+ (T(N))e2

77| € =6 + T(N)

42p,588, Print
s7¢ ) 7881 KN=n.+1

This sum of the squares of the
sum per bottle
This wili give the grand total

Yes

799 M=G/6 tean

888 | C = (6+2)/6 Correction factor

81 T = S-C Sum of squares, total variation
82¢ Bl = Y/2-C Sum of squares, bottle means
838 W1 = T-B! ISu- of squares, within variation

—

! Yes or Y or
659 o or N

Figure 4 - Flow chart for the BASIC algorithm for analysis of variance of a one-way design of
three bottles of a sample and two determinations per bottle.
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Since divisions can not be made by
84p zero, Wl needs to be checked. . 128¢
W 1s > 0)
1309

Yo ’ 1258

-
8SPIB3 = B1/2 MSS Bottle means @—-—<‘n y more elenents? }
¥SS Yithin

Erroy standard deviatioa
Ratid of bottle means to within
Difference -

1479

1,2); X(2,1) )Check Ist 3 ans.

<(l.l); x(
~— Print

‘ ‘ 148 Elements looked for but not
found:
sy X(2,2); X(3,1); X(3,2) ) Check last 3 ans. —
| ) 1499 e —

Y e

LS, x(1,1), Xx(2,1), X(3,1) .
“pra” X(1,2), X(2,2), X(3,2), M Write
oN

1S, x(1,1), X(2,1), X(3,1) ,
bpa” X(1, 2), X(2,2), X(3,2)Mheg" B, T '

- . - 1219 vrite
;. 1629 s, x(1,1), Xx(2,1), X(3,1)
{ ", X(1,2), X(2,2), X(3,2), M SnegT H, N
1639 {E1 = Et(k) DPottle 1238 .
xtand. dev.

4

1069 write

1S, X(1,1), X(2,1), X(3,1)

ppa, X(1,2), x(2,2), x(3,2)4, E1, H,F
write '

ML 1s, x1.1), X(2,1), X(3.1) é

1129 z, x(1,2), x(2,2), x(3,2), M, El, H,F

1049

fig. 4 coat.
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