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HISTOGRAM AND ONE-FACTOR ANALYSIS OF VARIANCE

DECUS Program Library Write-up DECUS NO. 12-38A

Hardware Requirements: PDP-12A, two TUS5 tape units, 8K memory.
language: - Focal-12

The Program: Performs three primary functions which may be executed
singly or in any desired combination i.e., data storage, histogram
construction, and analysis of variance computation. Accepts integer
data entered via teletype and stores these data on LINC tape using the

o -Dial index. Displays a histogram of the integerson request
using the PDP-12 scope. Disjlays minimum, second smallest, second
largest and maximum values of the data array. Computes either a one-
factor repeated measures or a one factor completely randomized analysis
of variance on the data if requested. This program package is composed
of the following program segments: $ANUVA, $HIbTGM, $INT, $GPH, FAV ,
%28V, %3AV. The package will handle a maximum of 6§ numbers at one
time and the largest number of intervals that the histogram may have is
95.

Operation: Place the LINC tape containing Focal-12 and the program pack-
age on unit @, Place a second LINC tape containing Dial on unit 1.
Call Dial, load Focal-1Z, then type 'L G,$ANOVA,¢". The space bar is
the terminal character for all lines in the program package. It should
be typed after responding to each question in the programs. For any
questions requiring a yes or no answer, the correct response is either
ryn (yeS,), or "N" (no).

§ANOVA:
HOW MANY TRIALS?: (response varies according to design of experiment)
a) for data from a one-factor repeated measures design (c.f. Meyers,
Fundamentals of Experimental Design, p. 152), respond with the number
of levels of the treatment variable (A) i.e., the number of trials
given to a subject. It is necessary that this number be equal for all
subjects.,
b) for data from a one-factor completely randomized design (c.f. Meyers,
p. 51), respond with the number of levels of the treatment wariable A,
c) for all other designs, respond with a number that is a factor of the
total number of data points to Le entered i.e., if 5§ numbers are to be
entered, the response could be either 1§ or 25, then the answer to the
next nuestion would be either 5 or 2, The product of the numbers given
as answers to the first two questions rnwust equal the total number of
data points to be entered.

HUW MANY SUBJECTS?: (response depends upon experimental design)

a) for a one-factor repeated measures design, respond with the total
number of subjects (S) tested.

b) for a completely randomized one-factor design, respond with the number




iANOVu {(con't):
of subjects tested at one level of the treatment variable i.e., the
number of subjects in one ; roup. .
c) for all other designs, respond with that number which when multiplied
by the number given in response to the first question will equal the
total number of data points to be entered on tape or brought down from
storage.
ARE DATA ON TAPE?:
"Y" response causes computer to locate uand display on the scope data
previously stored on LINC tape. If there are too many data points to
display simultaneously, the scope will fill up with the first segment of
data and display this until the operator has checked the entries and then
types line feed to advance the display to the next segment of the data.
If any errors are discovered in the data list at this time, the ordinal
position of these entries should le recorded so that later modification
may be made.
"N'" response will make and open a 10 block data file on unit 1, The scope
will clear and a colon (:) will appear on the screen after which the first
number in the data array should be typed followed by the terminal character.
Colons will continue to appedar on the :tcopre as long us wuore data are to
be entered. (Remember to type the terminator after each entry.)

e

The order in which the data are entered is determined by the experimental
design.

a) one-fuctor repedted measures design - enter the data from one subject
at a time, from first score to last score. assume 2 subjects (S) are

tested three times each (A represents the trial numbers). aq |as | Ag
BIEIE
sy [ 52152

These six scores must Le entered in this order:
first: Sqay

second: S1A9

third: 5143

fourth: 5744

fifth: Soag

sixth: 5324

b) one-factor coumpletely randomized design -- enter the data from the
first subjects in each of the a treatment groups, then trou the second
subjects in each group,and so on until the scores from the nth subjects
in each group have been entered. assume 6 suljects (8) are randomly
assigned to the three levels of the treatment variable (a). There will
be three treatment groups with two different subjects in each.

1\1 1\2 YA
§1 33 S
So 1 5415, These data are to be entered in this order:

First: 5989
second: S3A2
third: 55A3
fourth: Soaj
fifth: Sg4ap
sixth: ©5gaj
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ANOVA (con't):
c) all other designs -- the order of entry is immaterial.

After all data have been entered they will be displayed on the scope so
that they may be checked for errors during entry as described above.

TYPE "C" TO CONTIMUE: Indicates the end of the data list. "C'" response
will cause the program to continue,

MODIFY DATA?:

"N'' response causes computer to by-pass the correction sequence and be-
gin computing the minimum, maximum, second largest, and second smallest
values in the data array.

"Y" response initiates the correction processt$

GIVE NU., OF INCORRECT ENTKY: respond with the ordinal position (x) of
the incorrect entry in the data list.

Fp(X)= The existing value of the Xth number in the data array
(FY) is displayed.

NEW VAlLUE=: respond with the correct value of F@(X).

MODIFICATION COMPIETE?:

"N'" response indicates that more corrections are to be made and displays,
GIVE NG. OF INCORRECT ENTRY: again, which begins the correction sequence.
"Y' response will display the data arrav on the scope once more for a fin-
al check. After typing "C" to continue, a response of "N" to lODIFY DATA”:
causes the program to go on with a corrected data list.

MIN= the value of the smallest number in the data array.

S2= the value of the second smallest number in the data array.
MAX= the value of the largest number in the data array.

M2= the value of the second largest number in the data array.

WANT A HISTOGRaM?:

YN' response indicates that the data are not to be displayed as a histogram.
"Y' response will initiate the histogram sequence of the program package.

It will take l. minutes for the computer to generate a histogram from an
array of 6f@ numbers with 95 intervals. With less data and/or fewer inter-
vals, the process is more rapid.

ANALYZE DATn”: This is displayed at this point only if an "N'" response
was given to WANT a HILTUGRAM?

"N response will cause the computer to halt.

"Y" response will cause the conputer to skip the histogram segments and
initiate the first computations for the analysis of variance.

&HSTGM: Initiated by a "Y" response to WANT 4 HISTOGRAM?:

HISTUGRAM
CHUUSE UPFLER BOUNDARY
MAX= the value of the largest number in the data array.

NEXT MAX= the value of the second largest number in the array.
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$USTGM:  (con't)
UL /=}1.X the upper becundary selected must nct exceed MiX.
UE=: respond with the value selercted as the hictogran's uprer Loundary.
CHeesE 10V a0 FOULDARY
MIN= the value of the siiillect number in tae data array.
NEXT 1 IN= the value of the second smallest number in the array.
1E /=UIN  the lower lLoundary selected nust not be less than MIN,
1t=: respond with the value selected as the histogran's lower iPoundary.

HOL [LNY INTLrVA1S?:  Lnter the nuuber of intervals that the histogram is
to contain. Uince the prograr handles only integer data, the programmer

is cautioned not to re uest a number of intervals greater than UB-ll.. This
will jrevent distortion of the histogran which would result from asking how
many integers fall in intervals not containing any integers. In any case,
the nuniber of intervals tust not exceed 95. U(ne vr two of tie intervals
may be overflow intervils depending upon the values selected for UE and

1. That is, if the programmer re-uests 8f intervals and chooses for Uk
and Lb, MaX and MIN respectively, he will have a histogruam that consists

of &@ erual intervals. However, if UL is less than MAX the uppermost
interval will be an overflow interval of width !l:X<UK. The remaining

79 intervals will be equally spaced between MIN (which=lt in this particular
instance) and Uk. Similarily, if 1B is greater than MIl (and Uk=MAX), the
lowerniost interval will be an overflow interval of width LE-NIN. The
remaining 79 intervals will be equally spaced letween 1L and MaX (UB). If
Loth UE is less than MaX and 1} is greater than MIN, there will Le an
overflow interval at cach end of the histogran with 78 erally spaced
intervals falling between UL and lK.

If the prograumer chooses 4 lower Loundary which is smaller than MIN and/or
an uprer boundary whici is larger than llaX he will be given the message(s):
1T IS5 TGO GMALL

IF /= (MIN) 1P cannot Le less than HIN.

IB=: Llnter a new value for 1B.

and/or:

UE IS TOu LaRGE

UB /=(llnX) Ul cannot be greater than ..

Ul=: LEnter a new value for Ub.

when the vaijues of UF and 16 are within the proper range the next progranm
in the pachkare will Le initiated autuvnatically,

§INT: Initiated by $HSTGli, This segment functions to comjute and display
or the scope the ujp} ermost Lourdaries (the X-coordinates) of the intervals
in the histogram. The locations of the X-coordinates are comjuted by div-
iding the range between Ub and 1B by the number of intervals desired (less
any overflow intervals)., If the display of the values of the X-coordinates
£ills the scope tLefore all cocrdinates have Leen shown, advance the display
Ly typing line feed.,
TYPE “"CY v CelTiMUi:  Tndicates the end of the listing of coordinates.
"C' response will cause the program to continue and initiate the next pro-
gran segrent,

&CPH: Initiated by $INT. This segment functions to compute the Y-coordinates
for the histogram and display the cony leted graph on the scope. The



$GEH:  (con't)
Y-coordinates represent the nuuber of points falling at or below the X
values for each interval.
aNALYLE DATA?:
''"N" response brings te program to a halt.
"Y" response will initiate the next sequence which computes a standard
one-factor analysis of variance.

%AV: This segment is initiated by a "Y" response to the ruestion aNALYLE
DATA? in either the $ANOVA or the $CFH program segnents. It functions
to calculate preliminary sums and sums of squares to be used in the
computation of the sum of squares, mean squares and F-ratios for the anal-
ysis of variance. The computational foruwlae employed are:

$4 ro* 33rc 3ro

Where F§ is the data array, S is the number of subjects (the total numbter
in a repeated measures design or the number of subjects in one group in

a completely randomized design) and A is the number of levels of the treat-
ment variable. These computations are stored on LINC tape for use in the
next program segment.

SPECIFY DESLIGN

C=CUMFLETELY RANDOMILED

R=REPEATED MEASURES

DESIGN=:

"C" response indicates that the data being analyzed conform to a completely
randomized one-factor design. The program seguent which completes the
analysis of variance for the completely randomized design will be initiated
by this response.

"RY response indicates that the data being analyzed conform to a one-factor
repeated measures design. This response initiates that program segment
which functions to complete the analysis of variance for a one-factor re-
peated measure design.

%2aV: This program is initiated by an "R" response to DESIGN=: 1in the pre-
ceeding program (%aV). Its function is to complete the analysis of vari-
ance for a one-factor repeated measures design. It computes F ratios for
both A (treatment) and S (subjects), and then prints out this information
in a tatular form listing the source of variance (SV), sums of squares (S%),
mean squares (MS), F ratios (F, were appropriate) and degrees of freedom
(DF). The formulae employed in the calculations are described in Meyers,

p. 155.

%3AV: This program is initiated by a "C' response to DESIGN==: in program
segment 7AV, Its function is to compute the analysis of variance for a
completely randomized one-factor design. It computes the F ratio. for the
treatment effect (a) and then prints out this information in tabular form
listing the sources of variance (SV), sums of squares (85), mean squares
(MS), F ratio (F) and degrees of freedom (DF). The formulae employed in
the calculations are described in Meyers, p. 70,
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