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This package contains two programs, a one-wéy
analysis and a two-way analysis with block
effects. In both cases, the initial output
consists of single sample statistics. These
are followed by an analysis of variance table

and an F ratio.

The_analysis of variance tables produced by
these programs may be used with an F test,
such as Scheffé's or Duncan's, to determine
whether any significant differences exist

between group means.



PROGRAM DESCRIPTIONS

One-way analysis of variance

The one-way analysis of variance program performs
single sample statistics on each sample group as
soon as thatgroup data has been entered. The out-
put consists of the group number, degrees of free-
dom, mean, variance, and standard deviation.

The analysis of variance table is then typed by the
computer, and consists of degrees of freedom (DF),
sum of squares (SS), and mean square difference (MS).
The sources of variation are Between, Within (error),
and Total. The F ratio MS Between / MS Within, is
also given. :

Degrees of freedom and group numbers are given in
defined format. All other values are in floating
point format.

Calculations:
(Let Xij = themith sample of the jth group.)
Group mean = E& = EE:Xij (Nj = gump%ﬁ of samgples
( in J°* group)

3
J

Group sum of squares ='§:(Xij - X.)2
1

7Group degrees of freedom = Nj - 1

. 2 5 \2
Gro var = S.° = X.. - X.
up variance 3 Z(’(la XJ)
i
N. -
P 1
'Group standard deviation = Sj =\ sz
Total number of samples = N = E: Nj
3

Grand mean = T = E: (N, x fj)

b

N



DF Between = G - 1 (G = number of sample groups)

DF Within = Z (Nj - 1)

DF Total = DF Between + DF Within
SS. Between = Z Nj (Yj - 2)2.

. i
SS Within = Z ;- 1) s}.2

- 8S Total = SS Between + SS Within f
MS Between = SS Between / DF Between
MS'Wlthln SS Within / DF Within
F ratio = MS Between / MS Within

Two-way analysis of wvariasnce with block effects.

The analysis with block effects performs the

same basic steps as the one-way analysis In
addition it determines the variance due to rep-
lication by summing the blocks across the groups.
Thus the Within variance is subdivided into the
variances due to Replication and to Error. This
allows a more accurate estimate of Error variance
and therefore a more critical assessment of
possible group mean differences. The F ratio
calculated in this case is MS Between / M3 Error.

This program should te run with the data in a
radomized complete-block design.



Calculations:

The calculations for the two-way analysis program are
the same as those used in the one-way analysis, up to
the grand mean calculation. The following calcula-
tions are used in addition.

th th

(Let Xij = the i”" sample of the j'~ group, or the

th

J°~ sample of the ith

block. )

Block mean

X = ZXiJ. (G = number of sample groups) -
3 J )

G
DF Between = G - 1
DF Replication = Nj -1

DF Error

DF Between x DF Replication
DF Total DF Between + DF Replication + DF Error

SS Between = Z Nj (fj - f)z
: _ _

e 2
W = - .
SS Within z (NJ 1) SJ

)
SS Replication = z ¢ (X, - )°
58
SS Error = SS Within - SS Replication
SS To{:al = SS Between + SS Within

MS Between = SS Between / DF Between

MS Replication = SS Replication / DF Replication
MS Error = SS Error / DF Errdr-

F ratio = MS Bétween / MS Error



OPERATION

With 4K memory, these programs must be run using
FOCAL with extended functions deleted.

Input: G

the number of related sample groups.

the number of‘samples in a group.

=
n

the value of a sample, (S will be asked N
times for each grcup). .

Correction of errors:

(1) If an input error is made and detected
before termination of the asked value,
it may be corrected by typing « , and
then giving the correct value.
e.8. N: 64 or S:48.3 ¢— 38,3
(Where 4 and 38.3 are the correct values)
(2) If the error is not detected until after
] termination of the input, the data for
the whole group must be entered again.
This is done as follows:
(a) Press the "CONTROL" - "C" keys.
(b) The computer will type "?01.00 2 1.05".
(¢) Type "GOTO 1.04".
(d) The computer will ask "N:".
(e) Type in the group data.again.

(3)- If an error is found in a previous group, the
program must be run again.



Limitation of input data:

Even with extended functions deleted, 4X FOCAL is
still limited in storage space. TFor this reason,

if there is a large smount of input data, it is
best to determine whether there is sufficient space-
for it. This may be done as follows: '

(1) Determine the total storage available in the
FOCAL program.

je. F I=1,3%00;S A(I)=I |
(error diagnostic for "storage filled by
variables"%Il :
T %4, I*S

(2) Determine your'storage»requirements.

(a) The dprage requirements for the one-way
analysis are:
(1) 470 locations for the program.
(ii) 85 locations for the set values.
(1ii) 5(X + 3Y) locations for the
remaining variables.

(b) The storage requirements for the two-way
analysis are:
(1) 520 locations for the program.
(ii) 105 locations for the set wvalues.

(iii) 5(2X + 2Y) locations for the
remaining variables.

(X the number of samples in the largest group.)

(Y

the number of sample groups.)
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ONE=-WAY ANALYSIS OF VARIANCE

SAMPLE QUTPUT .

DF = MEAN _ VARIANCE
0.42816TE+02 = 0.124522E+03

w
"

S:50.0 S:46+42 S:36e6 S:156+6 S:43.1 S:38.1

S:

-
-

DF MEAN ' VARIANCE
Q.451000E+82 = Q.565440E+42

w
1]

1660 S24¢9 S:SeS S:9 S:3.8

OF MEAN : VARIANCE
S = 2.62Q9009E+8]1 = Y.286129E+22

ANALYSIS OF VARIANCE TABLE:

VAKIATION DF SS
BETWEEN: = 2 = Q+.571843E+34
wITHIN: = 15 = 8.104839E+34
TOTAL: = 17 = Beb6T6HATIE+D 4
RATIO:

*x

BETWEEN/WITHIN= Y+499086E+32

STAND. DEV.
2.111589E+32

STAND. DEV.
D«751957E+a1

@ +534902E+01

MS

B285920E+24

Beh98925E+22



‘TWO-WAY ANALYSIS OF VARIANCE WITH BLOCK EFFECTS

SAMPLE OUTPUT

=G

G:3

N:6

S:34¢9 S:64¢3 S:43+5 S:33.9 S:38.7 S:4leb

GROUP DF MEAN VARIANCE STAND. DEV.
= 1 = S5 = 0.428167E+02 = 9.124522E+A3 = @.111589E+02
N6

S:30+9 S:46+2 S:36¢6 S:56+6 S:43.1 S:38.1

GROUP DF MEAN VARIANCE STAND. DEV.

= 2 =-S5 = 0Be451000E+02 = DeS56544QE+@2 = P.TS1957E+21
N: 6
StT7e S:l6e) S24¢9 S:5.5 S:3 S:3.8

rRQUP DF MEAN VARIANCE STAND. DEVe.

n G

3 = 5 = 0.620000E+31 = 9.286120E+92 @ +534902E+01

ANALYSIS OF VARIANCE TABLE:

VARIATION DF SS ™S
BETWEEN: = 2 = 0.571840E+94 = 0.285929E+0 4
REPLICATION: o= S = V.468222E+03 = D+.936445E+022
ERRUR: ' v = 10 =70-58@165E+@3 = D.580165E+92
TOTAL: = 17 = Q.6T6679E+D 4

RATIO: BETWEEN/ERROR = 3.492525E+22

x
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ONE=WAY ANALYSIS QF VARIANCE

> 8/68

"G"G3S J=1

"NNCJ)I;S P=13S S=0

“S"X(P)3S S=S+X(P)

P=P+131 (NCJI=P)1e¥851.2551.95

2

J=d+151 (G=J)1e10s1+08451.34

J=15G3S SZ=SZ+(NCJ)I)*M(J)) /SN

"ANALYSIS OF VARIANCE TABLE:",!!!3G 3.91

MCJI=S/NCJ)I3S KaNCJ)=13S SX=03S SN=SN+N(J)
P=1sNC(J)3S SX=SX+(X(P)=-M(J))12
VCGJ)I=SX/43S SD=FSQTIVCJ)I)IST !
*GrIUP DF MEAN VAKIANCE

STAND.

22 Js' TaKe™ 3T %2 MCGJ)S" MaVCIILT ML,SD, Y

"MB, !!
"MW, !!

J=15G5S SB=SB+N(J)I*(M(J)>=SZ)12;:S SW=SW+(N(J)=1)*Vy(J)
AKB=G=13S MB=SB/KB3;S ST=SE+SW

J=15G3S KW=KW+(NCJ)~=1)

KT=KB+K W3S MW=SW/KW

" VARIATION: DF SsS :
24,"BETWEEN: “<B:T %, "*SB,"

24, WITHIN: "KWsT 2, "SWe

24, TOTAL: "KT3T %, STL !

"RATIV: BETWEEN/WITHIN",MB/Mw,!!3Q

NDEVe' 5!

MS*, ! r



C~-FOCAL

¥i.d1
d1.82
¥l.04
g1.85
21.07
01.08
A1.99
9119
a1.11

v2.91
v2.92
02.93
42.04
V2.06

9391
8392
343.43
43.94
Y9395
43.06
03.07
4398
0309
VW3.18
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TwWO=-WAY ANALYSIS OF VARIANCE WITH BLOCKX EFFECTS

» B/68

"G"Gs S J=1

“N'"N3S P=13S S=0

"S"X(P)3S S=S+X(P)

P=P+131 (N=P)1.0851.085,1.05
2 v

J=J+131 (G=J)1+1851.0451.04
J=15G3S SZ=SZ+N*M(J)/SN

"ANALYSIS OF VARIANCE TABLE:",!!!;G 3.0l

MC(J)=S/N3 S KR=N=13S SX=93S SN=SN+N

P=1,N3S SX=SX+(X(P)=M(J))1t23S XM(P)=XM(P)+X(P)/G

V(J)=SX/AR3S SD=FSQT(V(JIIST !

**GROUP OF MEAN VARIANCE

22 J," "sKRS" 3T R, MUJI)," e VCd) "

J=1,G3S SB=SB+N*(M(J)=-SZ)1t23S SW=SW+KR*V(J)

AKB=G=13S MB=SB/KB3S ST=SB+SW3 S XE=KE*XR;S KT=XB+KR+KE

" VARIATION DF
24,"BETWEEN: “KB3T Z,"
P=1,N3S SR=SR+G*(XM(P)-SZ)*2
SE=SW=SR3S MR=SR/KR3S ME=SE/KE

245" REPLICATION: “"XR3T Z,"
24, "ErROR? “KE3T Z,"
24,"TOTAL: KT T Z»"

"RATIO: BETWEEN/ERRUOR ",MB/ME,!!;Q

SS
(1] SB' ”

QQSR"'
"SE"'
"STL ! !

STAND.
"sSDs! !

"MB, !!

""MR, !!
""ME, !!

DEV.'",!

MS*™, !



