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ABSTRACT

Stat'i stical computer systems from two maior areas of computer

processing, batch and on-l ine, are eval uated. Comprehensive

gu'i del'ines are developed and used in the evaluation of

fifteen statisti cal systems, namely, ASC0P, 0MNiTAB, P-STAT,

SAS, SPSS, BMD, STAT-PACK (GODDARD), STATISTICAL PACKAGE

(MANITOBA), IMPRESS, MIDAS, ISIS, RAX, SSIPP, STATPACK2 - APL '

and S0L. 0ther systems are al so eval uated, but in less

detaj I than the above fì fteen. The S0L system j s eval uated

i n more detai I as wel I as i ncl udi ng j ts rati onal e for

development and its impact on statistical methods within the

author's envi ronment.
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CHAPTER I

I NTRODUCTI ON

Most of the teehnicaL tooLs of the futune statístícian üiLL
bear the stamp of computey'manufacture, and atiLL be used in
a. computer, We uiLL be z,emiss in our duty to our students,
if ue do not see that they Leaz,n to use the eomputez, more
easíLy, fleæibLy, and thoz.oughly than ue eler haue; ue uiLL
be remíss in our dutíes to ourseLles, í.f ue do not ty,A to
improue and broaden our où)n uses.

John Tukey, L965

1 . I Computers and Stati stjcs

The success of statistjcal methods today in providing

quantjtative measures that assist researchers in explaìnìng

'phenomenological processes.' is attrjbutable as much to the

tools as to the theory. I^Jithout the desk calculator and

computer to bri dge the gap between theory and practi ce,

stati stí cs woul d never have made the great stri des j t has .

NorvadâyS, for many, the process of data analysis using both

the computer and statistics provides stimulation, excitement

and an ìmpetus to ìearnìng m0re statistics.



Stati sti cs and computers together seem to be another case

where the-whole is greater than the sum of its parts.

Carrying it a little further, a large factor analys.is

probl em woul d not be attempted wi thout a computer and a

simulation study would be near impossible. 0ne tends to agree

with Yates ('1966), who called computers "the second revolu-
tion in statistics" (trre first revolution being desk

calculators) and Muljer (1970), who made the cogent anaìogy

of attri buti ng the quaì i tj es of both the mi cros cope and

telescope to the computer

1.2

Although the power of computers could not be disputed they

were di ffi cuj t to use because they had to be programmed.

Learn'ing to program computers was not the answer for many

who had neither the time nor the inclination. Arso, the

process of wri ti ng and debuggi ng programs was a time-consumi ng

task, to say the ìeast, even for those who knew how to

program. There exj sted a need for a set of computer programs

that would cover many areas of statistics, as well as man'ip-

ulating the data (data management) before the actual

statjstics were performed. Thus, since the early sixties,
those involved in data analysis have bee'n trying to conrbjne

stati sti cal methodol ogy and computers i nto stati sti car

computer systems (hereafter cal led statistica'l systems or
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. systems ). - These systems woul d enabl e the non-programmer

to use the computer easily for statistical ana'lyses.

Designers'goals have been to prov'ide powerful statistical
and data management procedures whjch are efficient and easy

to use. Many of these goa'l s are nou, bei ng reached, but as

we wi I I see, however, there i s no panacean stati stj cal

sys tem.

Statistical systems have thejr share of disadvantages as

they become more powerful and eas i er to use. The usage of

statistical methods in data analysis is growing exponentially'

but the production of garbage j s not I aggi ng far behj nd

either. It is easy to produce inval jd statistical anaìyses

unknowing'ly or otherwíse. Forcing data through a simp'l e

factorial ana'lysis when a hierarchical design is appropriate,

or performing a factor analysis because jt is the 'in
thing' is not uncommon of users. Van Reeken (l 971 ) gives a

very good exampl e about "someone [who] computed 5000 tests of

si gnj fi cance at a 95 percent I evel and wrote a thesj s about

the .l00 cases that were significant instead of a thesis on why

he f ound only 100 s'i gn j f i cant. " Stati sti cal systems are

misused and the best answer to rectify the situatíon is, of

course, more knowì edge in stati sti cal concepts imparted

through the formal statistical lectures - but it is not the
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whol e answer . If the tez,m I statistieal anaLysis', is to

z,etaín itè integnity, then ít is the statistical eommunity

uho must get more inuoLued in acquiríng and buiLding

statístical sAstems and educatíng the useT¿ on their best use.

1 .2 Early Devel opments

The number of stati sti cal syStems devel oped aS compared to

the number that have been documented i n stati sti cal journal s

seems out of proportion. It appears that si nce the early

s i xti es , I^,hen the devel opmen t of s tati s ti cal sys tems

essentially began, statistical iournals have accepted less

than a dozen articles on statistical computer systems.

Papers deaì ing w'i th computers or statjsticai computing are

more p'lent j f ul , but, unf ortunately, do not deal wi th speci f i c

systems.

Development of statistical computer programs has been chaotjc.

l,lilkinson's comment (l^lilkinson, 1969) is appropriate: "it
is a sad indictment....Ittrat there are] one thousand or more

multiple regression programs in existence, p'l us a lìke

number for analysis of variance.t' The development of

statistical systems is not quìte aS gross' but disseminat'ion
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of information regarding them is certainìy inadequate.

chambers (1967) and Muller (1970) help to alteviate the

above situation by'l isting some of the available systems.

The systems are suF¡marized in Table 1.2 to il I ustrate what

some of the earlier systems were. Then, as now, where

statistical systems be'l onged was confusing. This is borne

out by Cooper (1969a) in his hiStorical papêF,,,Statístical

ComputÍng - Past, Present, and the FutuFê", where he

disposes of statistical systems by saying, "No attempt

i s made to survey the I i terature, and packages or systems

are not referred to speci fi cal ly. "

There seemed to be a consensus on at least one point in

the early sixties in that there existed a need for a

statistical computer'language or equivalent, so that resear-

chers did not have to waste their time learning 'programming'.

Even before thi s, however, there appeared ahead of i ts time

a sys tem cal I ed AUT0STAT (Dougl as and Mi tchel I , 1960 ) ttrat

recogni zed the above need. It contained features that

could edit, select, tabulate, as well as performing statistical
analyses and permi tti ng vari abl es to be I abel ed.

In 1959 the BMD - Biomed'ical Computer Programs package

appeared. Thi s i s a col I ection of Fortran programs

which has become very popu'l ar. The BMD concept has not



REFERENCE

Ch ambers
(re67)

TISER - Fortran routines for time
series, linear regress'i on, random
numbers

*

TAB LE 1 .2

B0MM - ti'me series analysis routine

SYSTEM

P-STAT

AARDVARK - generalized ana'lysis of
vari ance

L I ST OF US ER'S GU I DES

TARSIER - non-l inear regression by
Hart'ley's method

il

il

il

Muller
( 1e7o )

Z0RI LLA - quadrati c programmi ng
wí th I i near constra'ints

*

MULTI VARiATE

ù

GINSTAT
p ro gram

STO RM
pr0gram

AUTHoR( s )

*

Be aton

(*

IV - general

stati st'ical

STATiSTI CAL ANALYZER

BMD - Bi omed i cal

means the system al so appears

Bullard et a1.

ISSS - Informati on Sel ecti on of
Sampl i ng Systems

DAT E

Hemmerle

Hemme rl e

Hemme r'l e

Jones

Nelder

Pompe r

statistical

ori ented matrÍ x

196 4

Computer Programs

1964

PLACE OR COMPANY

Be'l I Telephone
Laboratori es , Murray
Hill, New Jersey

La Jol I a

Iowa State Univers'ity

Iowa State Unjversity

I owa State Un i vers i ty

Harvard University

Austral i a: l,,lai te
Instî tute

New York: IBM

:t964

1966

1966

1965

1966

1963

1964

1964

1n Muller's paper)

Di xon

Fan and
Sh ce i demantl e

UCLA

iBM
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l4uller
(re7o)

ll

ll

il

II

n

il

il

il

il

MtDC0MP - Medi cal Stati sti cal
Compute r Programs

MSP - Mul ti vari ate Statí sti cal
Programs

0MNITAB - Computer Program for
Stati sti cal and Llumeri cal Analysi s

SYSTEM

TABLE 1.2 (cont.)

SSP - Sci enti fj c Subrouti ne Package

SSUPAC - Computer Programs for
Statist'i cal Analysis

STATPAC - A Bio-statist'i cal
Programmi ng Package

UNiVAC - Univac Statistical
P ro grams

STATJOB

S UMX

Wilkinson
(te6e)

AUTHoR(s)

Sterling and
Pollack

TSAR - Tape Storage Retrieval
System

Clyde et al.

SNAP - Computer Processor for
Stati sti cal Analys ì s

Hilsenwrath et
al.

DAT T

STATIST - Conversati onal Stati sti cs
Package f or Interact'ive Consol es

1964

1966

1966

Dods on

Shannon and
Henschke

PLACE OR C()MPANY

Ci nci nnati lJni versi ty

Mi ami Un i vers i ty

Nati ona'l Bureau of
Standards

IBM1 967

Hutch'ins et al .

Champomj er

Gabor and
Carlitz
Godfrey

Claringbold

1964

1 967

University of Illinois

1965

1966

1964

1965

1968

1968

Goodard Computer
Science Institute
Sperry Rand Corporation

Univers'i ty of 1^lisconsin

Univers'ity of Cal i forni a

Duke University

Princeton University

CSIR0, Sidney



much and BMD is still a major system (Dixon,1973).

R: Buhler of Princeton had a di fferent view when he

d P-STAT. The emphasi s was on one comprehensi ve

and no matter what analyses were performed the same

ucture would be used. The P-STAT system worked with

es wi th the abi I i ty to use output from one procedure

to another. P-STAT is nou, a major system (gul'ìler,

Cameron and. Hi I senwrath ( I 965 ) took an even di fferent

. They felt a need to provide a language where one

ill program,'but do so 'easily'. Their language was

natural Eng'l ish commands. The data was stored in

heet,' (a two-dimensional table) and by using the

one coul d 'program' ana'lyses, but i n the sty'le of

al culator. They cal led the'i r system 0MNITAB.

.l.8

changed

In 1963

devel ope

p rog ram

data str

data fil
as input

re73).

approach

woul d st

based on

a 'wo rks

comman ds

a desk c

In 1967 four systems were presented in Applíed Statistics:

MET0 - Meteorological 0ffjce (Craddock and Freeman, 1967);

ASC0P - A Statistical Computjng Procedure (CooPêF,1967);

StP - Survey and Exper iments Program ( Gower, Simpson, and

Martin, 1967); a conversational system (Cof in, 1967). In

Colin's system the statistics were l'imited and the on-line
j nstructions were desì gned f or a comp'l etely unsk j I I ed user.

The instructjons, thus, were verbose. The other three

systems consist of one iarge program using procedures and

commands that coul d mani puì ate the data as wel I as perform



statístical anaìyses. MET0 used

and SEP "Àr much too 'computer,

ASC0P was the more user oriented

Chapter 3.

1"9

numbers instead of r¿lords

oriented in its commands.

and is discussed in

Chambers (1967), in his

discussed the design di

It is at this time that

set down formal 1y i n th
(e.9., BMD) to one comp

Besi des maki ng referenc

(see above), Chambers m

guides in Table 1.2 but

cole and campbe'l I (1969) present a brief discussion of
their conversational system STATcHAT which is impìemented

on the IBM 1620 computer. A'l though the di scussion i s too

brief to assess the system, neverthel ess, this is what is
needed - a chance to f ormal'ly present stati sti cal systems.

chambers (l 969) presents his system of g0 subroutines cal led

FIT' which uses either of the fo'l lowing four criteria for
fitting the data: I inear least squares, hon-r jnear reast

squares, maximum likelihood, and maximum log - likelihood.

review of statistical systems,

fferences between BMD and P-STAT.

another evolutionary stage was

e move from packages of programs

rehensive program (e.g., P-STAT).

es to MET0, ASC0P, SEP; and Col Ín

akes references to the user's

does not di scuss them.
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It appeare_d as if a retrograde step was to be taken in the

developemnt of statistical systems when Gower (l 969) said,

"that the future dj rectjon l ies in ìmproving the autocodes.

This is another way of saying that a special statistjcal

'language'is needed. He feels the abundance of statjst'ical

systems has "demonstrated that exi sti ng l anguages have

proved i nadequate for stati sti cal purposes ' " and that we

will no 'longer need statistical packages; "they will be

rep'l aced by subroutine packages linked by programming at

the autocode l evel j tsel f. " Gower then proceeds to outl i ne

a detai I ed autocode 1 anguage whi ch appears to be rather

compl i cated. Mul I er ('l 969 ) rvhi I e acknowl edgi ng the power of

autocodes as described by Gower in some data analys'i s

probl ems, makes an important po'i nt when he says, "Peopl e,

given the choi ce, tend to choose stati sti cal techniques or

computj ng procedures that are easy to use rather than the

best to use. "

Both tdi

di scuss

except

in its

Mul

ems

stem

ler
in t

(1e

hei

I ki nson ( I 969 ) and

, statistìcal syst

for the STATJ0B sy

devel opment.

where

70)

rp
Mul

l'i st, but do not

apers (see Table 1.2)

I e r was a partj ci pan t

Myers' (1969

lists approx

) survey

imateìy

of social sciences computing systems

twenty systems of whi ch fi ve coul d be
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luation,
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a brief
scussion

four).

classi

Minton

They m

Table

scale

BMD an

et al.
little
only I

fie

,a
ent

1.2

eva

dP

do

dí

ist

t.t1

ral statístical systems. Schucany,

n (1972) performed the fi rst general survey.

y-seven systems i nc'l udÍ ng some f rom

, âs yet, appears to have done a full
al though Chambers ( I 967 ) does compare

losophies on data handl ing, and Schucany

abstract on each package. There i s

of on-l i ne systems (Schucany et al .

1.3 Sources of Informati on on Stati sti cal S stems

At a recent conference, 'Computer Science and Statistics:
Seventh Annual Symposi um on the Interface' hel d 0ctober

l8-'19, 1973 at Iowa State University, the author asked

particìpants involved in d'iscussing the major statistical
systems of today, " Is there a centra'l body where information

on stati stical systems can be obtained?" The answer was,

"No. " Some f el t, "That i s !,rhy we have conf erences. " Many

felt there should be a central body. Dissemination of

information is poor, as was revealed in a discussion with

one i ndi vi dual , who was unaware of a stati sti cal system

deve'loped at his universjty.
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The stati sti cal journal s have arti cl es on computers and

stati sti cs, but as we have seen there 'i s I i til e on the

formal presentation of statistical systems and, when

mentioned i n hi stori cal papers, rìo detai I i s gi ven as to
what the system does, let alone an eval uation of them.

Applied Statistics has a statÍ sti cal computer al gori thm

section. 0ther types of literature contain information on

stati sti cal systems. Some of these are: computer journal s

and conference proceedings, the computez, pnograms Directoz.y,

computer centre newsl etters, journal s and conference pro-

ceedings from various other fields (e.g., sociology).

The above sources, al though not exhausti ve, shoul d have

captured the major, viable systems and enough minor ones to
present the 'state of the art' in statistical systems. From

the p'lethora of stati sti cal systems di scovered, i t was

apparent that many were obsol ete, and many that fj tted
the definition of a statistjcal system were too restrictive,
or when compared to the more major systems djd not offer
anything extra of value as regards to its present day useful-
ness or to its promoting ideas of better statistical systems.

A user's manual or equi val ent documentati on was requested

from onìy those insti tutions whose statistical system appeared

to be viable or offered new concepts as regards to future
sys tems .
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EVALUATION GUIDELINES

By what criteria can a statjstical system be evaluated, and

how much weight shoul d each cri terÍon have? In order to

answer that question we must first ask, "hlhat do statistical
systems provide today?" Most of the guidel ines appear by

gleaning the pertinent information from the avajlable

systems, and the rest are points that one woul d expect

from any system, statistjcal or otherwise. Thus, the guide-

lines as drawn up are such that all of the statistical systems

contain at least some of the points mentioned in the guidel'ines,

but no one system has them al I . l^lhat future statÍsti cal

systems 'mi ght' contai n i s an important cons i derat'ion,

but is not discussed in this thesis.

Eval uate means 'to examine and judge' . The word 'j udge'

rìngs cold - like a teacher marking exams - this one passes,

this one fajls. In this thesjs the word'judge'should

connote the most I iberal interpretatjon possible. l^leak areas are

mentioned, and some systems are castigated in specific spots.
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but no system f a'tl s . Each has made a contri butì on to thi s

rapid'ly evo'l ving area of stati stics. It shoul d be mentioned

that the idea did occur to allot points to various criteria
and then rank the systems. A few moments of refl ecti on

qui ckly di spel I ed the idea for a host of reasons. Stati sti cal

systems are very complex. There are many subtleties, and

procedures are so interwoven that a rigid assigning of ranks

could easily be misleading - if not destroying the intangjbles

In fact, one of the most important points is, "Is the

system successful in its present environment?" But, finding

that out for each system is impractjcal anri even if it were

true, "How do you rank ìt?"

The evaluations are based on the point of view of the user.

He shoul d not be requi red to know contputer 'languages (e. g. ,

F0RTRAN, ALG0L, APL, etc. ) nor for that matter, understand

what a computer is. As far as he is concerned, the computer

ìs a black box, and if he has to understanrl certajn aspects

of jts operaion, then the necessary information should be

prov'i ded jn lay terms in a user's manual or equivalent

documentati on.

The only probl em wi th eval uating systems from a user's

manual is that you do not know if the system works the way
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it is supposed to work. Getting and ìmplementing each system

is impractjcal - if not impossjble. Some pract'ical experience

has been gained by the author with a few of the systems and,

wi th few mi nor excepti ons, al I the systems perform as

stated i n the user's manual .

2.1 Statistical Analyses

The areas of statistical analyses for this eval uation are

divided into eight areas: desc¡i ptive, frequency analyses'

regression and correj ation, mul ti variate analyses, analysi s

of variance, special two-sample tests, distribut'ion theory'

and mi scel I aneous.

Descri pti ve stati sti cs shoul d i ncl ude measures of central

tendeICV, viz., mean, ffiêdjan, and mode; dispers'iOn measures'

viz., standard deviation, mean deviation, and range; other

measures , vlz., skewness, kurtosis, lowest and highest

val ues, and percenti I es . Facj I i tí es shoul d exi st for compre-

hensive frequency distributions and hjstograms. N-way tables

(e.g., sex by age by... ) that include at least the means and

standard devjations are commonly needed.

FacilitieS to construct N-way frequency tables are necessary.
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The chi-square statistic should be available for two-uray

tables incìuding options for clisplaying expected values.

For 2x2 tables one should be able to perform Yate's correction
and for smal I N perform Fisher's exact test. 0ther tests

of associ ati on for two-vray tabl es are not uncommon. 0pti ons

should exist to provide percentages within the ce1ls, as

well as for rows and columns.

Simple regression and correlations should be possible, with
the faci 1 i ty to generate vari ance - covari ance and correl ati on

matrices. The simple regression should provide, besides the

basic estimates and tests of significance, options to display
predicted, adjusted, and residual val ues, as wel I as

confídence limits. Tests for examining residuals are not

uncommon nor are means to provi de parti a1 correl ati on coef-

ficìents. Non-parametric correlations shoulcl be possible,

e.g., Spearman and Kendall. Multip'le regress jon wjth a

stepwi se mode shoul d be avai I abl e wi th good opti ons for the

selection and deletion of indepenrlent variables. polynomial

regression is common'ly needed. Non-linear and weighted

regressi ons are provi ded by some systems . Bi vari ate p'l ots
(scattergrams ) are necessary and other types of graphs are

useful.
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Factor analysis should be available with options for the

type of fãctoring and types of rotation schemes to be

employed. Discriminant analysis in a stepwise mode is

necessary. Canonical correlations and multivariate anaìysis

of variance are sometímes needed.

Univariate analysis of variance .and covariance procedures

shoul d be comprehensive, i. e. , be able to print means,

standard deviatjons, residuals, etc. Hierarchical designs

should be possible, as well as methods for handìing unbalanced

designs. Multiple range tests are necessary and non-

parametri c analyses for one and two-way des i gns are not

un common .

Two sample tests are extremely popu'l ar and should be provjded.

These include t-tests for paired and unpaired data, as well

as an approximate tes t when the vari ances are unequal . A

test of homogenei ty of variances i s necessary. The non-parametric

counterparts of the t-tests shoul d be avai I able such as

Wjlcoxon's pa'i red and unpaired tests, Kolmogorov-Smirnov test,

and the s i gn test, etc.

The ab'i lity to test data for goodness of fit to popular

di s tri buti ons i s common and useful . Generati on of random

observations from the common distributions is available in
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some systems , as we'l I as the generati on of probabi 1i ty

density function and cumulative distribution function values.

The above areas seem to be the common ground for genera'l

statistical procedures used by the statistical commun'i ty.
As wi I I be seen, some systems cover certain areas compre-

hensively, whi'le others may not even include certain areas.

Some systems have specialized areas, e.g., time series

analysis, scalogram ana'lysis, bi o-assay ana'lyses, etc.,
whi ch are noted i n the eval uati ons , but not di scussed.

2.2 Data Management

Data management i s broken dovrn i nto fi ve areas : i nput,

output, storage and retrieval of the data, manipu'l ation of

the data, and I imi tatÍ ons on the data.

The requi rements for the structure and i nput of the data

rnatríx shoul d be the same for al I procedures or programs.

In general, the best structure to use is the 'varjabre by

case structure' . Thus, each case (synonyms are observat'i on,

record, or unit) consists of a number of variables (e.g.,
i denti f icat'i on number, name, âgê, sex, hei ght, bl ood pressure,

etc.). Each case consists of one or more B0 column data cards
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dependi ng 9n the number of vari abl es used. The vari abl e by

case structure is standard and the best way to handle ìarge

data bases. Excepti ons to thi s structure woul d be val i d

when small sets of data are used, oF when procedures are

unable to handle missing values or when the design of the

system was to f aci'l i tate ease of use. Input shoul d be

possible from punched cards, tape, disk, or other remote

access devi ce. A1 phanumerj c data, v¡hÍ ch consi sts of at

1 east one non-numeri c character, as wel I as numeri c data shoul d

be possible. Flexible input formats for describing the

data is necessary. Free-fie1d, where the data does not have

to be in specified coìumns, is necessary for on-line

systems and i s a useful opti on for batch systems. The process

of submi tti ng the job f or processi ng shoul d requ'i re a mi nimum

of job control 1 anguage (JCL). IBM 02g keypunches are not

standard and means shoul d be provi ded so that 026 keypunches

can be used.

The data matrices should be capable of being named and

stored on tape, disk, or other device, as well as being

retri eved eas i 1y. It shoul d be poss i bl e to I abel vari abl es

with an acronym and descriptor (e.g., YRB0RN is an acronym

and YEARB0RN coul d be i ts descri ptor) . Label i ng the val ues

a variable takes on should be permjtted (e.g., for the variable
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Program control and data modi fi cati on commands are needed.

Some of these are: rel ati onal operators (e. g. , greater than ,

less than, Boolean expressions, etc. ); transformations

(e. g. , square roots , addi ti on of vari abl es , etc. ) ; condi ti onal

control (e.9. , IF...THEN... ); branching (e.g., G0 T0...).
very often the same set of modi fi cati on commands are needed;

the only difference be'ing that perhaps a different varjable

is being used. It would be efficient and convenient if the

user did not have to repeat the same set of statements,

but yet use the commands al ready set down. Such faci I i ti es

SEX it cou-] d be: I = MALE, 2 = FEMALE). The labeling or

numbering of cases is also desirable. The generation,

storâgê, and retrieval of more than one data matrj x shoul d

be permissible.

File util ity procedures such as merging, sortjng, concatenat'ing,

and forming subsets are necessary. For special files such

as correl ati on matri ces , mathemati cal routj nes mi ght be

desirable (e.g., matrix invers'ion). 0utput from statistical
procedures shoul d be capab'le of bei ng stored and used as

ínput to other procedures , ê. g. , savi ng and analyzi ng

residuals. Also, files should be readable by other computer

and stati sti cal systems.
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exi st and they are ca I I ed MACR0S . A MACR0 i s anal agous to

a Fortran subrouti ne.

Extremely useful are the speci al data analysi s commands.

Thus , procedures shouj d exi st for recodi ng, sel ecti ng, and

de'leting either cases or variables. A'l so, the weighting of

cases and the provision to take random samples Ìs desirable.

The data analysis and data modification commands should

act on a temporary or a permanent basis clepending on what

the user desires.

For those systems that use the vari abl e by case structure,
it is mandatory that provisions should exist for desÍgnat'ing

and handling miss'ing values. Handìing of multiple measurements

on a variable within a case is a desirable feature.

0utput shoul d be adequately I abeì ed, as wel I as permi tti ng

the user to add hi s own I abe'l ing, i f desi red. 0ne shoul d

have control over procedures that produce vol umi nous output.

For on-line systems this is particu'l ary important, as well

as catering to the various teletype widths, e.g., ASR's take

70 col umns , IBM 27 41' s take 120 col umns , etc. Al so, for
on-l ine systems, teletype printing speeds of up to 30

characters per second shoul d be possibl e.
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Limitation-s should be realistjc. For batch systems and

on-line systems that use data files the handling of at least

500 variables and 5000 cases is not unreasonable. The user,

however, should not be penalized if the amount of data is

small. He should be able to adiust the computer core sjze

to fí t hi s parti cul ar probl em.

2.3 Ease of Use

Unl ess the stati stj cal and data management procedures are

easy to learn and use, only a handful will benefit. Those

few who know the intricacies become the 'experts' and spend

large portions of their time instructing users on trivia;
a servi ce that a good user's manual s houl d provi de . I^lhat i s

lamentable is that it is human nature to take the easy way

out and use procedures that are imperfect, often i naccurate,

and time-consuming - iust so long as it is easy to use. The

time and organi zati on requi red to wri te an easy to understand

user's manual, and easy to use system are reasons why it
is often neglected, but these reasons are not a iustification.

Ease of use of the system and ease of understanding the

user's manual are for al I i ntents and purposes the same

thing. The better manuals have most of the following
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basjcs: a) there is explicitness wjth regards to input,

output, and I imi tations. The output i s ri gorously defi ned,

i.e., there is no doubt as to what calculations have taken

pì ace; b) exampl es are meaningful , as wel I as abundant;

c ) there i s as much i ndependence between procedures as poss i bl e

d) references are provided; and e) the previous points are

presented in a readable sty1e.

The ri gorous defi ni ng of output i s often negl ected or done

pooriy. A recent paper by Francis (.l973) shows the confusion

that can reign when output is not defined. Four analysÍs

of variance programs (AN0VA procedure from SAS, BMDX64

program from BMD, MAN0VA program from 0SIRIS, and a program

from the University of North Carolina; CAR0LINA) were run

using data from a standard 2x5 factorial design, but with

unequa'l numbers in the cel I s. Because the design is non-

orthogonal, the sums of squares for the various sources

depend on the order of selection; but the answers produced

are di fferent because each program enters the source of

varjatjon differently, and the AN0VA procedure from SAS is

invalid although the user's manual by Barr and Goodnight (1972)

does say what is done. BMDX64 is recommended by Francis,

but, for many, mây be di ffi cul t to I earn and use. The

confusion results because the user's manuals did not
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make i t cl ear how the sources of vari ati on were entered,

or even , tô quote Franc i s , "that the order mi g ht be an

i mportant matter. "

Ease of use is facilitated by using commands that are in
natural English, with ability to abbrevjate for experienced

users. The editing of commands should provide meaningful

error messages and should not stop compi I ing after only one

error. Procedures that edi t data ( check for bad punches,

check sequencing, etc.. ) are helpful. 0n-l ine systems should

never lose controj and leave the user not knowing what has

happened.

2.4 0ther Considerations

Detai I s of systems that do not fal I j nto the preví ous three

secti ons are i ncl uded as 0ther Cons i derati ons , i n addj ti on to
the fo'l I owi ng subsecti ons : evol uti on, program documentati on ,

transportabi'l 'ity, accuracy, and teachi ng.

2.4.1 Evolution

If a statistical system is to remain v'i ab'le, it needs to be

revised and updated. No system suppl ies al I the answers
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and users would like to knovr the system they are using can

be modif ied and improved, includ'ing the facìlity for the user

to add hi s own routi nes

2.4.2 Proqram Documentati on

l,lell documented user's manuals are few. l,le'l I documented

i nterna I work'i ngs of computer programs are rare. A f ew

reasons for wel I documented programs are: so those I ooki ng

at the program at a later date wìll know the'who, what,

whV, when, and where'of the program including the orig'inaì

programmeri so that those involved v¡Íth implementing, or

trying to fìnd bugs, ol modifying the system can do so with a

minjmum of effort; a history of the project is maintained.

Good documentati on does not requi re fl owcharts or separate

systems manuals. Copious comments with'i n the actual program

are usua'l ly suf f i c'ient. There are no excuses for not

provi di ng comments. Kreí tzberg and Schnej derman ( I 972)

provi de some formal standards that shoul d be adhered to.

2.4.3 Transportability

If stati sti cal systems are to be run on other computers,

they must be vrri tten i n the more common I anguages. hli thi
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the ì anguage as much standardization of cod'i ng shoul d be

used as possible. Some other factors that affect transport-
ability are: the particular computer and software used and

other special equipment used; availability; purchasing costs;
and ease of implementation. Some other points that are

important are the costs of running the system and the

rel i abí I i ty of the computer system per se.

2.4.4 Accuracy

Define: X = txlN ,

S1 = x(X-X)' , and Sz = rX2 - NN2

The above f ormul as have been stud'ied to determ.i ne theí r
accuracy. Nee'ly ( 1966 ) presents f our ways of cal cul ati ng

the mean and six ways of cal cu1 ati ng the standard devj ati on,

as wel I as si x ways for cal cul ati on of the correl ati on

coefficient. He concluded the best algorithm for the mean

as X + r(X-X)¡¡t and Sr as the best in computjng sums of

squares. Cal cul ator aì gorj thms I i ke S2 were the worst.

Youngs and Cramer ( I 971 ) concl ude that the best a1 gori thm

for the mean is the conventional X ¡ut suggest an iterative
approach to the sums of squares thus avoì dì ng two passes

of the data.
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.Simj'l arìy, - Long'l ey (1967) and Wampler (1970) evaluated the

accuracy of least squares regression programs, and found

that programs that empl oyed el imi nat j on al gor-'i thms !{ere

i naccurate but those us i ng orthogonal Househol der trans for-
matj ons and Gram-Schmidt orthogonal ization were the most

accurate on theÌ r i I l -condi ti oned data.

l^lhat this suggests is that inaccuracies can occur in many

cases (e.g., large numbers, many numbers, 'i ll-conditioned
matri ces ) when certai n aì gori thms are used, and that efforts
shoul d be made by deveì opers of statj sti cal systems to uqe the

most accurate numeri ca'l ana'lys i s methods . Many stati st j cal

systems do not use the most accurate a'l gori thms , and users

should be constantly on guard and examjne output for
inaccuracies.

The hi ghly speci al i zed area of Computer Assj sted Instructi on

(CAI) jn statistics is not germane to this thesis, nor, for
that matter, are stati sti cal systems whose sol e i ntenti on i s

to assist in the teaching of statistics. How statÍstical
systems can be used jn teachìng - or even if they should be

used - is polemìc, and no attempt is made in this thesis to

2.4.5 Teaching
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resolve thq issues. The attitude taken is if a system aids in

the formal teaching process, 'well and good'; but it is a minor

consideration in terms of this thesis framework on1y. For a

survey of teaching statistics at the university level with

computers see Evans (1973), and for informati on on how some

specifjc statistical systems are used in teaching see Kennedy

(1e73).



CHAPTER 3

BATCH SYSTTMS

The preci se defi ni ti on of a batch computer system j s not

necessary within the context of this thesis. It is sufficient
to say that those systems that use B0 column punched data

cards as their source of input and use a standard ljne
printer instead of a te'letype may be considered as batch

processing systems. Remote job entry by submission of jobs

through a teletype is also considered batch, as there is no

true 'i nteracti on' between the system and the user. Batch

systems, of course, may have the actuai raw data entered

from tape , di s k, or other devi ce , i ns tead of cards .

Wi th'in the batch systems there are two ma'i n categori es:

integrated and non-integrated systems. Because the definit'ions

of the above two terms vary from author to author, let us

defi ne an i ntegrated system as a system whose i nput data

structure i s the same for al I stati sti cal and data management

procedures and ulhere there exists on'ly one comprehensive

program contaj nj ng a1 I these procedures , i nstead of an
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organi zed package of independent programs.

The presentation is in a1 phabetical order except for those

di scussed i n the mi scel I aneous secti on where the order

does not reflect a judgment of the systems.
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3. I Integrated Systems

3.I.I ASCOP - A STATISTICAL COFIPUTING PROCEDURE

ASC0P was one of the first systems to be documented in a

statistical journal (coopêF, 1967). Ear'ly success.led to
more developments (coopêF, 1969b), unti I ASC0p 3 was written
(coopêF, 1972). This evaluation is based on ASc0p 3, but is
just referred to as ASC0p.

3. l. l. I Statistical Analysel

common measures of central tendency and d'i spersi on are

available as well as frequency distributions and histograms,

but the user has no control, however, over determinìng the

classes. A normal fit can be appìied to the histogram using

the chi-square statistic. N-way tables of means are not

poss'ible. Multidimensional frequency tables are possjble

along with percentages, r^rith the chi-square statjst.i c being

computerJ for two-way tabl es.

Simple product moment correlations are possible. The mu1t.i p'le

regression procedure handles rep'licated values and a quasi-
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stepwise regression exists where one can request the system

to pick the'best'variables as determined by the size of

the multiple correlation coefficient.

Unfortunately, ASC0P stops selecting variables once the

prescribed level is reached and does not give the user

a chance to see if other variables might have achieved the

same significance l.evel. ASC0P provides facilities for storing

the predi cted val ues, resi dual s, regressi on coeffi cients,

residual mean square'wi th i ts degrees of freedom,

and the square of the mul ti pl e correj ati on coeffi ci ent for

use in other procedures. A sim'i I ar procedure exi sts f or

po'lynomial regression. 0ther types of regression are not

available. A very general bivariate pìotting procedure

exists, but, unf ortunately, 'i t needs a pl otter instead of

the s tandard I i ne pri nter. Non-parametri c tes ts are not

available.

Mul tivariate analyses incl ude factor analysis using ei ther

the principal factor solutíon or Joreskog's method. Varimax

is the on'ly rotation method. Factor scores as wel I as the

coef f i ci ents f rom the f actor ana'lysi s can be stored and used

later. A non-stepwise dìscriminant analys'i s procedure

concludes the multjvarjate analyses, wh'i ch permjts the storing
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of coefficjents, scores, and misclassification probab'i lities.

Analysis of variance procedures are limited to analysis of
a bal anced compl ete factori al desi gn. Speci a'l procedures for
other des i gns and two -s ampl e parametri c and non -parametri c

tests are not available. Distrjbution theory is not available.
Misceljaneous procedures consist onìy of Diallel table
analysi s , seri al correl atí ons, and a test of runs.

3..l . l .2 Data Management

Input is the variable by case structure wÍth provisjons to
identify replicates. If replicates are used then four new

vari abl es are automati ca'l ly created, i . e. , the mean, standard

devi ati on, vari ance, and the number of repl i cates, and these

new vari abl es may be used i n other ASC0p procedures . Both

alphanumeric and numeric data are permitted with the abi'lity
to use fl exi bl e formats. Input can be from cards, tape, oF

di sk. storage and retri eval commands for data fi r es are

simple. Labeling of varjables is permitted and labeling of
cases i s done automatì ca1 ly by ASC0P 'in s ì mpl e numeri cal order.
Generati on of fi I es wi thi n one run i s permi tted and uti I i ty
procedures consist of sorting and adding nerv cases. program

control and data modi fi cati ons procedures are good wi th the
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faci ì i ty t-o use many Fortran f uncti ons and commands. use of

MACR0S js also permitted. Specialized data anaìysis procedures

do not i ncl ude commands to recode data s imp'ly. ASC0p

procedures f or hand'l ing missing values are vague. The

manual suggests that bl anks are read as m'issing val ues. The

user, however, cannot specify his ovrn values and has no

control as to how the missing values are handled in the

statistical analyses.

0ne can use ASc0P procedures to augment output but the

defi ned procedures i n ASC0P do not present enough examp'l es

to assess the I abel i ng. Most output i s not defi ned

rigorously.

Li mi tati ons are stated wj thi n a parti cul ar secti on for al I

procedures and are di ffi cul t to understand. The number of
cases permj tted j s not stated, but the maxi mum number" of
variables is 230 for the ATLAS computer and 7s for the IBM 360.

3.1..ì.3 Ease of Use

The ASC0P manual 'i s wel I organi zed but qui te verbose and

di ffi cul t to read. Its I 5B pages coul d eas i ly be cut i n

hal f and f i I I ed wi th bad'ly needed exampl es show'ing deck
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set-ups as wel I as output. Stati sti cal output i s generaì 1y

not defineà and references are 'l acking. The commands are

in natural Engl ish, but without the examples they are

di ffi cul t to understand.

Nothi ng i s menti oned about 026 or 029 keypunches , vari abl e

core si zes, error messages, or control when errors are

found. It i s doubtful whether one coul d run an ASc0p

procedure without assistance from someone with prior experience.

3.1.1.4 0ther Considerations

ASC0P i s mai nly wri tten i n Fortran wi th a fe.w routi nes

written in assember, and has about 18,000 lines of source code.

Versi ons of ASC0P exi st for ATLAS, ICL I 800, UNiVAC i I 08,

and IBM 360 seri es computers . ASC0p requi res I 50K and runs

under the Fortran 4 H compiler on the iBM 360 system.



3.8

3. I .2 OMNITAB I I

This evaluation is based on two manuals: )MNITAB II Userts

ManuaL (Hogben, Peavy, and Varner, l97l) and Test Pv,obLems

and ResuLts fon )MNITAB rr (Varner and Peavy 1970).

The name 0MNITAB comes from 'omnibus' and 'tabul ar' . There

seems to be some ambiguity as to what the 0MNITAB II rea'l 1y

is. It is a programming language, but is'highly user

oriented'in its design. It is directed toward the individual

who needs computi ng por^rer, but I acks knowl edge of hi gh

l evel programm'ing l anguages such as Fortran, APL, etc. The

basi c desi gn ph'i 'l osophy cons'i sts of a 'workspace' composed of

ror^ts and columns. A simple example would be to enter the

data j nto the f i rst col umn, then us'ing an 0MNiTAB I i i nstructi on,

sôy, SQRT (square root), one could take the square roots of

all the numbers and put the resultant answers in column two.

Thus, the modus operandi i s to move across the worksheet

performing caiculations much as one would do with a desk

calculator.

3. I .2 . I Stati sti cal Analyses

The descriptive statistics of 0MNITAB II are comprehensive.
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Besides the standard statjstical measures, the fo'l ìow'ing

stati sti cs are provi ded for uni vari ate data: 25 percent

trimmed mean, mid-range, mean deviation, two-sided confi-
dence i nterva I s for the mean and standard devi atí on , I i near

trend statj sti cs, tests for non-randomness, sums of squares,

devi ati ons from the mean, and orderi ng and ranki ng of the

observations. Frequency distrjbutions and histograms are

possjble with the user al lowed to determine exactly what

the class boundaries, class widths, etc. should be. 1,lhere

appropri ate, procedures exi st to do wei ghted analysi s i f
desired, as well as storing the answers in the workspace in

order that more ana'lyses may be performed. No procedures

exi st to produce N-way tabl es contai nì ng ei ther frequenci es

or means.

Si mp1 e correl atj on matri ces i ncl ude product moment and

Spearman coeffi ci ents. Parti al correl at'i on coeffi ci ents

are also available. significance levels and confidence

intervals are possible as well as a test for linearity. The

above coeffi ci ents may be stored. Bi vari ate pì ots are

possjble. The regression analyses jnclude simp'le, multiple,
and polynomj a1 procedures w'ith the ab'i 1i ty to do a wei ghted

ana'lysis on each. Excellent features are the plots of the

standardized residuals versus each of the follov¡'i ng: row
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numbers, independent variables, and predicted values.

A probability p'lot of the residuals is also possible.

Mul ti var j ate ana'lyses are not avai I ab'le.

A one'r^¡ay anaìysis of variance procedure exists along w'ith

two mu'l t'iple-range tests, viz. , Newman-Keu j s with Hartley

modi f i cati on and Schef f6s. Kruskal -1.^lal I i s' non-parametri c

statistic is also possible. A two'way ana'lysis of varjance

procedure is available with the ability to utilize weights,

if the design is unbalanced. Advanced des'ign procedures and

speci a1 two-sampl e procedures are not ava'i I abl e.

Distribution theory consists of two procedures: one to find
p-val ues from the F di stri buti on , and another to generate

uni f orm random devi ates between 0 and 'l 
.

3,1 .2.2 Data Management

Input of data for 0MNITAB II is either the variable by case

structure (READ command), or by just decl aring a varj able

and assigning the va jues to 'i t (StT command). For analysis

purposes only numeric data is permìtted and either free-field
or standard Fortran formats are possjble. Input can be from

cards or tape.
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Facilities do not exist within 0MNITAB II to store data files.
Data mani pu1 ati on features exi st for movi ng, Sorti ng, and

selecting data about the worksheet. For matrices common

array operations are possible (..g., add, transpose, invert,
etc. ). 0ther mathematical procedures are numerical ana'lyses

and Bessel functj ons. Assi gnment statements and ari thmeti c

expressions are possible as wel I as branching and iteratjon.
0MNITAB II is, however, a programming language and the

aforementj oned poi nts are to be expected.

Procedures to handle miss'ing values are not mentioned and

the system will input zeros, if blanks are punched. Miss'i ng

values can be handled, of course, just as in any programming

language by writ'i ng a program, but as said before, programm'i ng

should not be a prerequisjte to using a statistical system.

0utput i s wel I I abel ed wi th the user bei ng abl e to i nsert

his own labels if wanted. 0utput is defined. As mentioned

before, many forms of output can be further used as input.

The limitations in 0MNirAB II are clear but they will vary

depending on the procedure used and also with the amount of
data. The product of the number of rows and the number of
columns must not exceed 12,500. If no intermediary calculations
are made by the user on his data, this restriction would permit
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about 1000 -observations and eight independent variables in
the mul ti p1e regressi on procedure. Thi s 'i s restri ct'i ve f or

practi cal data analys i s appl i cati ons.

3.1.2.3 Ease of Use

The user's manual is not specifical'ly geared to statistícal
ana'lysis. 0MNITAB II is for all íntents and purposes a

programm'i ng language and it attempts to satisfy the needs

of many discìplines including statjstícs. Nevertheless, the

section on'Beginner's Omnitab'initiates the novice so that

a user wí th a re'l ati vely easy stati sti cal probl em can use

the stati sti cal procedures descri bed I ater i n the manual

wi thout too much troubl e. Al though the manual i s expl i ci t,
and in certa'in areas very comprehensive, 'it is not that

readabl e. 0ne has to jump around comp'l eteìy outsi de of the

statistical sect'i on very often to answer many of the input,

data management, and output problems and it can prove to be

frustrating. Two notable features are an abundance of

references for the stati s ti cal procedures and an attempt

to discuss the precision and accuracy of some of the algorithms

empl oyed. Use of the data management procedures , al though

conceptual ìy easy, are cumbersome and di ffi cul t to use as

one has to remember col umn numbers and row numbers where



Jowett, Chamberl ai n , and Mexas ( I 972 ) gi ve an easy to

understand account of 0MNITAB I I i ncl ud'ing good stati sti cal

examples in their paper.
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data i s stored as wel I as construct mi nor 'programs' to

manipulate'the data as one procedure is not usua'l ìy powerful

enough (e.g., recod'i ng data, handling missing values, etc. ).

3.1 .2.4 0ther Considerations

0MNITAB devel opment began j n I 963 wi th Joseph Hi I senwrath

sett'ing down the bas j c phi ì osophy and i t has been under

development e.ver since, culminat'ing with Version 5.0, called

0MNiTAB I I. A Nati onal Bureau of Standards publ i cat'i on

announcement in January 1972 says, "0MNITAB II is a virtual'ly
machi ne-i ndependent computer system. " It does , hov¡ever,

requ'ire a l arge computer, i . ê. , IBM 360/50 and up,

GE 265, CDC 3800 and up, Burroughs 5500, and UNIVAC 1108.

0MNITAB II is written in as standard a Fortran as is possible.

The abi'l ity for the user to add his own routines to 0MNITAB II
'i s possible but it is difficult. Besides the two manuals

referenced i n th j s eval uati on, there are two others whi ch

were not obtai ned but are avai I abl e: Source Listing of
LMNITAB ff Pt,ogz.am (371 pp.) and.4 System pz,ogrammerts Guid.e
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for rmpLementing \MNIIAB II (43 pp.). The OMNITAB II
package is available for $ZSO.



The P-srAT system was developed by Buhler (1973a). Initial ly,
deve'lopment began in 1963 by Buhler at princeton university
and has evolved to its present state, version 3.0b,1973.
Thi s eval uati on i s based primari ly on the user's manual

whi ch i s computer generated, as i s al I documentati on

described in the reference. Also available, but separate

from the manual, was a primer consisting of 33 examples

of P-STAT job set-ups wjth exp'l anations, and nine examples

showing deck set-ups and resultant p-STAT output.
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3.1 .3 P-STAT

3. I .3. I Stati sti cal Analyses

usi ng the FREQ and DES procedures uni vari ate descri pti ve

statistics can be obtained as well as frequency distributions.
N-way tabl es of means are 'impi i ed, but j t i s not cr ear how

to obtain them from the user's manual or examples. Two-way

tables of means are, hov¡ever, definiteiy possible. stat.i stics
I i ke the medi an, mode, skewness, and kurtos.i s are not

available. A histogram is not available from the prev'i ousìy

obtai ned frequency di stri buti ons.
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Up to six di.mensional frequency tab'les are available rvith the

chi -square- and other tests of associ ati on bei ng avai I abl e

f or two-way tabl es. Percentages are opt'i onar wi th the

frequency tabl es.

Pearson product moment correl ati ons as wel I as bi seri al

and tetrachoric correlations are possibre. A stepwise

regression procedure exists that is very flexjble and has

many opti ons for the enteri ng and del eti on of varj abl es

including good output control and storíng of residuals.
A non-stepwi se regressi on program i s al so avai r abr e. A

pì otti ng and graph i ng procedure exi sts but i s menti oned

in a djfferent sectjon of the manual. po'lynomia'l , non-linear,
and wei ghted regressi on procedures are not avai r abl e.

Multivariate analyses includes factor analysis which does a

princìpa1 components or an iterative analysis with facjlities
for orthogonal or obl ique rotati ons. Discriminant analysis

i s avai I abl e but not i n a stepwi se mode.

0ne and two-way ana'lyses of variance procedures exist wh'i le

hjerarchical designs of analysis of vari ance and covariance,
both balanced and unbalanced, emp'loy the MAN0vA program

(di scussed i n the Mj scel I aneous Secti on under Non-i ntegrated

systems). Two-sample t-tests are possible but non-parametrics
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are not. Th.ere are no procedures for distributjon theory

and no misàel j aneous statisti cal procedures.

3. I .3.2 Data Manaqement

comprehensive input procedures exist. Input is the variable
by case structure and three procedures exi st for reading

data from cards dependí no on how 'cl ean' the data i s. The

most powerful procedure treats bl anks automat'i ca1 ly as mi ssi ng

val ues, sets mi spunches to mi ss'ing val ues , and checks i f
cards within cases are out of order. Free-field formats are

not permjtted nor are alphanumeric fields, except rvhen

used as case I abel s. Input formats are fl exi bl e, wi th i nput

being possible from cards, tape, oF djsk.

The abi f i ty to generate, store, retrieve, and purge data

files is powerful and relat'ive1y sìnrp1e to use. Facilitjes
exist to label the cases and the variables. value labels,
however, are not avai I abl e, except for the crosstabul ati on

procedure. There exi st procedures to merge data fi I es ; the

most powerful be'i ng MATCH whì ch i s a very general procedure

that produces output fi I es matched accordi ng to the case

I abel s. Thus, the additi on of ne\^/ vari abl es and cases i s

possible. Sorting procedures as wel I as miscel laneous
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Þrocedures are p'lent'i ful, e.g., sca'l ìng of variables, ranking.

For matrj ces, pFocedures are avai j abl e to add, mul ti ply,
i nvert, etc. P-STAT al I olvs access to many fi I es duri ng one

computer run and many procedures allow output from a previous

procedure to serve as input to the next or later procedures.

P-STAT has edit'ing facilities that check for bad data,

improper sequenc'ingn etc., and informs the user of these

problems. Transformation of data is lim'ited to cumbersome

codes of which the first 24 transformations are based on the

BMD package of transformati ons. Faci I ì ties exi st to use

l ogi cal operati ons ( greater than, equa'l , etc. ) ; create

new variables; modify, select, delete, etc. D0-L00pS

are permissible and the povrerful MACR0 feature js available
in P-STAT. in running P-STAT the user may select only

certai n cases i f desi red - a useful feature but not very

common. 0nly one m'i ssing value may be desÍgnated for each

variable and almost ajl programs can handle missing values.

0utput I abel'ing 'is good w'i th the user bei ng abì e to supp'ly

h j s own. Val ue I abel s as a'l ready menti oned are absent

except f or crosstabs , but are bei ng 'impl emented ì n a f uture

version. 0utput from P-sTAT is not defined. Limjtations are

stated for each procedure.
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3.1.3.3 Ease of Use

P-srAT's weakness i s i ts user's manual and command I anguage.

Many scans of the whole manual were needed before the

P-srAT evaluation could even begin. The deck set-ups and

P-srAT prÍntouts for each procedure shourd be provided

within the user's manual. Exampl.es for many statistical
procedures are mÍssing. The statistical output is not

exp'l icitly def ined and references are minimal. Except

for the defining of the statistical procedures, the manual

is fairly exp'l icit, but difficult to understand. Error
checking and retaining control are strong points and help

i n ease of us age .

3.'l.3.4 0ther Considerations

P-srAT is r^/ritten in'clean'Fortran according to Buhler,
except for 100 assembly statements, comprising of 480

subroutines and 45,000 lines of source code. About 40

other computer centres besides pri nceton have p-srAT. It
has been converted to the fol'l owing computers: IBM 360/370,
PDP-10, sIGMA 7 and UNIVAC 1108. p-srAT comes in 7 sizes:
l,|ee, Tiny, Smal'l , Medium, Large, XLarge, and Jumbo. The Wee

size takes l50K on a 360/370 and can handle 150 variables.
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.The Jumbo takes 6B0K and can handle 3000 variables. Thus, it
becomes easy to adapt to other computers . For a detai I ed

discussion of making P-srAT portable see Buhler (.l973b).

If it is instal'led at a university, p-sTAT is available for
$540 per year for IBM 360/6s computers and up. It shoul d

be noted that Buhler sends free of charge a mini tape of the

l.lee P-srAT system to prospecti ve users as wel I as the
- user's manual. Included with the tape are source cards that

theoretica'l ly need to be changed only in a couple of places

for the user's parti cul ar i nstal I ation. The p-srAT system

provides facilities so that a user can add his own routines
and i s di scussed i n the user's manual .

Future p1 ans i ncl ude the general use of val ue I abel s, as

wel I as mak'ing P-srAT run on cDC 6400/ 6600 and Burroughs

6700 computers. For an overvi ew of the p-srAT system other
than the user's manua'l see Buhler (.l973c).
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3.1.4 SAS . STATI ST I CAL ANALYS I S SYSTEM

is based on the user's manual by Barr and

3.1.4.'l Statistjcal Analyses

A MEANS procedure is used to cal cul ate descri pt'i ve statj sti cs.

However, statistics like the median, range, standard error
of the mean, skewness., and kurtosis are not avai'l able.
Histograms are also missing. Useful statistics are avai'lable
that are not usua'l 'ly i ncl uded i n other systems. They are

sums and corrected sums of squares. N-way tabl es of means

are possible by usíng the BY statement. The variables used

i n the BY statement must, however, be sorted previ ous ly to

using the MEANS procedure. A s0RT procedure is available
to do thjs, but this js jnconvenient.

up to fi ve-way frequency tabl es are avai r abr e us i ng the

FRtQ procedure. cumulative percentages are missing from the

tables. The output of the five-vray table is neat and compact,

i n contrast to a seri es of two-way tabr es . The compact

method, however, has its disadvantages ìn readabi'l ity and

i n ì nterpretati on. For two-uray tabl es the only statj sti c of
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associ ati on avai I able is the chi -square. No cojumn and row

total s on percentages are avai I abl e for any tabl es. Bj varj ate

p'lots are avai I abl e us i ng the pL0T procedure. The pL0T

procedure when coup'led wi th the sAS data management f aci 1i ty
makes it powerful , 'lending jtsel f to such things as contour
p'l ots .

Simple corre'l ations (Pearson, Spearman, and Kendall rau-b)
are avai lable using the c0RR and SpEARMAN procedures

P-val ues are gi ven and for 1 arge correl ati on matri ces an

option js available to print only the most significant p-values.

The mul t'i ple regressi on and correl at j on procedures are

excel lent. The RSQUARE procedure performs all possjble

regressi ons of the dependent on the j ndependent vari abl es.

varjous opt'i ons are available with this procedure so that
some degree of control over the selection of varjables and

output i s avaj I able. The STEpl^JISE procedure enabl es one to
do five types of stepwise regression. Again, various

opti ons are avai I abl e for control ì i ng the process . Tests of
significance are available v¡ith the srEplnlISE procedure,

but predicted values, residuals, and confidence limits are

not.
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Factor, discriminant, and canonical anaiyses can be performed.

The FACT0R procedure al lows only the varimax rotation.
Useful options are principal component scores and factor
I oadi ngs. The D IScRIM procedure i s good. A test of homogenei ty
of the wi thi n covari ance matri ces i s avai I abl e, and the

classificat'ions scheme allows unequal prior probabilities
of group membershi p. The CANC0RR procedure permi ts the

p1 otti ng of canoni cal vari ates.
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The ana'lysi s of vari ance procedure AN0VA i s comprehens

0ne-way anaìysìs, factorial, and hierarchical designs

possible. For unbalanced designs the sums of squares

be invalid (See Section 2.4.4 on accuracy). The type

model is easi'ly specif ied in the M0DEL statement. Poo

and tests of si gni fi cance are aj so possi bl e. Before t
AN0VA procedure can be used the data has to be sorted

regard to the factors us i ng the S0RT procedure. Al tho

nested ana'lyses are possi bl e usi ng the AN0VA procedure

a more comprehensi ve procedure i s avai I abl e, cal I ed Nt

i ts advantage bei ng to esti mate vari ance components an

covariance if appl icable. Also, a special LATTICE pR0

i s avai I abl e f or ana'lysis of vari ance and covariance f
lattice designs. Analysis of covariance is not availa

with the AN0VA procedure. A DUNCAN procedure can be u

doì ng Duncan's mul ti p1 e range tests.
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The most powerful procedure of sAS i s REGR. The user's
gui de says, "The REGR procedure wi l l apply the pri nci p'l e of
least squares in fitting a I inear model of virtually any

type to data." Thus, alternative methods of regression
are possible. Polynomiaì and non-l inear regressions can be

performed by this procedure. The anaìysÍs of covariance
'lacki ng i n the AN0vA procedure can be done wi th REGR.

Analysi s of vari ance i s poss í br e through the creatj on of
dummy vari abl es.

sAS I acks speci fi c procedures vrhi ch can perform two-sampl e

t-tests and thei r non-parametri c counterparts. Mi scel I aneous

procedures i ncl uded are: RANK v¡hi ch ranks vari ates and coul d

enable one to write his ou/n non-parametrics; and RQUE procedure

which produces restricted quadratic unbiased estimates of
varj ance components; GUTTMAN to do Guttman scal i ng; and

PLAN whi ch can generate randomi zed pl ans for experinrents.

3.1 .4.2 Data Management

The variable by case structure is used and input can be

from cards, tape, 0F disk in flexible formats. provisions

exi st for a1 phanumeri c data. Instead of usi ng a standard

Fortran format statement to declare what type the variables
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are, ì.e.,' alphanumeric or numeric, and what columns they

are in; each variable must be stated, follov¡ed by a dorrar
s i gn i f a'l phanumeri c and then i ts col umn numbers of I ocati on

For a novice this seems simpler, but for rarge numbers

of varjables and many cards per case jt is cumbersome as the

card number must al so fol I ow the vari abl e name. Excel I ent

procedures exi st for the generati on, sortÍ ng, concatenati ng,

merging, and forming subsets of data fi les. 0uptut from

the stati sti cal proce,dures cannot be stored and I ater used

as i nput. If i nval i d characters appear where numerj c data

shoul d be then sAS assi gns mi ssi ng val ues to the vari abl es ,

and then carries on. Blanks found where numeric data

should be are also ass'i gned miss'ing values.

sAS contai ns a strong set of prograìx and data ana'rys i s

statemenis with the ability to use MACR0s. Funct'i ons that
generate normal, uniform, and other devjates are possible.

There is, however, an absence of a simple way of recod'ing

variables. The cumbersome 'IF....THEN' statements must

be used. The abif ity to designate m'i ssìng values exists. Al

the statistical procedures state expl'i cit'ry what happens

when missing values are encountered, but unfortunately the
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user has no say whether they should or should not be used.

The output labeling in sAS is good. 0ne can use a TITLE

statement to put out one's own headìngs. The title does not

have to remain stati c and can change wi thin a program

run. The options available in the statistical procedures

give one control over the amount of output. The output in

genera'l is not rigorously defined. The maximum number of
variables is 255 and must be contained on 'l?. or fewer data

cards, or a maximum of .l000 characters if read off tape,

disk, oF drum. Both limitations could be restrÍctive. The

number of cases appears to be soìeìy a function of the

storage space avail able wi th the computer centre. L'imi tat jons

on the number of variables, cases, etc. in statistical
procedures i s usua'l ly not menti oned.

3..l.4.3 Ease of Use

l^Jith the exceptjon of I jmitations and the rigorous defining
of output, the user's manual i s expl i ci t. There cour d be

more exampl es . Independence between procedures i s good,

and there i s an abundance of references for each procedure

to assjst interpretation. The command'l anguage is simple,
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as well as the JCL.
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3.'I .5 SPSS - STATISTICAL PACKAGT FOR THE SOCIAL SCIENCES

3.1.5.1 Statistical Analyses

SPSS ì s excel I ent i n descri pti ve stati sti cs and frequency

tables - both one and mult'idimensional. Six jndependent

procedures cover these areas.

Simple correlation (eearson, Spêarman, Kendall ) and partial
correl ati on procedures are avai I abl e. The mul ti pl e regressi on

procedure provi des pi ots of res j dual s and i s capabl e of

stori ng them. A stepvri se mode i s possi bl e but al I ows only

the method of forward sel ecti on of the vari abl es. Bi vari ate

plots are possible, but polynomial and non-linear regression

are missing.

An exce'llent factor analysis procedure is available providing

fi ve types of factori ng and four types of rotation. Factor

scores are available. Many options are ava'i lable to g'i ve

one control over the process. Procedures al so exi st for
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canonical correlations and stepwise discriminant anaìysis.

A one-way analysis of variance procedure with multiple

range tests, along with a very useful t-test procedure exist.
That, however, is SPSS's scope in analysis of variance and

covari ance . There are no procedures for di s tri buti on

theory, and the onìy m'i scellaneous procedure is Guttman

scaling.

3..l .5.2 Data Management

SPSS uses the variable by case structure for input. Formats

can be fixed or free-field and data can be either numeric

or alphanumeric with the facility to use 026 keypunches.

The data matríx is capable of being easi'ly stored and

retrieved. Excel I ent facj I i ties exi st for I abel i ng

variables and their values. Case'l abeling'is not possìble.

SPSS allows onìy one fÍle to be generated and saved per run.

Subsets of fi le, ur. possible using the SUBFILE LIST procedure,

but unfortunately these must be generated at the tjme of

input. Merging and concatenation of files is not possible

though with the use of subfiles, cases or variables can be

added, but the procedure js rìgid, e.9., when adding cases
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all the variables present in the original file must be

present wj th the new cases . A S0RT procedure has recentl y

been added. A speci a1 1,lRITE CASES procedure must be 'invoked ,

if other than the SPSS system is to read the file.

Most procedures do not permit output to be saved and later
used as input. Editing of data is left to the user, but

a new feature is the EDIT card which edits the SPSS control

card deck prior to a live run. A good feature when fixed

format is used 'i s that SPSS vrill list each variable, its
format, and in what record and columns it is located. SPSS

progr.am control and data modification procedures and state-

ments are adequate. 0ne, however, cannot defj ne MACR0S, and

branchi ng w'ith the use of a G0 T0 i s not poss i bl e . Speci al'ized

data analysi s procedures are good. The procedures to recode

and sel ect data e j ther temporari 1y or permanent'ly are easy

to understand and use. The ab'i lity to designate and handle

missing values is except'i ona'l 'ly good. Al I statist jcal

procedures give options to the user on hov¡ he wants to handle

the m'issing values.

SPSS output can be voluminous but it is very readable.

Most stat'i stica j output ís wel I def ined, but some of the

updates are not, e. g. , the di scrimi nant procedure. SPSS

i s worki ng towards savi ng output and then usi ng i t f ori nput.
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0ne has faj r control over output. Many procedure have

opti ons that ei ther present the output i n a condensed and

compact fashi on or i f one wants, Sây, for vari ous reasons

more labeling, different format, etc., that too is possible.

A max'imum of f i ve hundred vari abl es can be processed by SPSS.

A recently added feature cal I ed ARCHIVE, however, enabl es one

to store up to 5000 variables, but only 500 may be processed.

A maximum of one hundred subfi I es i s poss i bl e. There

appears to be no restriction on the number of cards per case,

and the number of cases i s I'imi ted on'ly by the amount of

direct access at any computer centre. Ljmitations are

stated within each procedure and are clear, consistent,

and I i beral . Al so, formul as are gi ven whereby the user can

adjust the amount of core sjze needed to run SPSS depend'ing

on the size of his job.

3.1.5.3 Ease of Use

There i s no doubt that much of the popu'l ari ty of SPSS i s

due to j ts profes s i onal and readabl e user's manual . The

ori g'i na1 manual , but not the updates , has al I the desi rabl e

features menti oned i n Secti on 2.3. The ori gi nal manual

knows 'how' to say 'i t and, hopef u'l 'ly, wi I I set a

precedent. l,Jj th three i ndependent updates, however, i t i s
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becom'ing monstrous. The command I anguage i s I uci d. There

are a host of minor commands, ê.g., DUMP (dump the fi'le),
NUI'lBERtD (abi 1i ty to number control cards ) , whi ch make data

analysis that much easier. Error messages are al'l I isted in
the manual as well as being v'tritten on the computer printout.

3.1 .5.4 Other Consi derat'i ons

SPSS is currently in use at well over .l00 IBM installations
wi th versi ons al so runni ng on other 1 arge computer systems

or el se bei ng adapted. The ori gi nal versi on of SPSS was

avai I abl e f or $4OO wi th I ater vers i ons cost'i ng around $200.

Future pì ans cal I for a tru'ly conversat'i onal mode. A

notable feature to be included jn the next version (6.0)

i s an Í,1-lvay ana lys i s of vari ance procedure .
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3.1.6 0ther Integrated Systems

3.].6.1 DATA-TEXT

This evaluation is based on the user's manual (Armor and

Couch, 1972) and a paper by Armor (1972). DATA-TEXT was one

of the forerunners of i ntegratecl systems wi th the fi rst

version being implemented on an IBM 7090/94 system, becoming

operati onal i n I 963-64. I t has been re-wri tten and now i s

available on IBM 360/370 computer systems, but requjres,

however, a minjmum of 200K core storage.

The DATA-TtXT system was des'i gned f or soci al sci enti sts and

i n many respects i s I i ke SPSS, but DATA-TEXT I acks procedures

that perform discriminant functions; canonical and partial

correl atj ons; and hi stograms. DATA-TEXT provi des procedures ,

however, for an N-way anaìysi s of vari ance for factori al

designs as well as repeated measures designs. Unweighted

means usi ng the harmon j c means sol ut j on j s emp'l oyed f or

unbal anced compl ete desi gns.

Data management 'i s sim j I ar to SPSS wi th both systems bei ng

easy to understand and use. DATA-TEXT's abi I i ty to defj ne
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the varíables and their values in one cohesive unit would

be preferred by many as compared to other systems. Some

other notabl e features are: data mod'i fi cati on commands can

be appl'ied to I ists of vari abl es ; DATA-Ttxr uses dynami c core

allocation permitting analyses to be run in small amounts of
computer core (Armor (1g72) says, "All of the statistical
routi nes are almost I i tera'l ly wi thout r imi tati ons. " ) i the
abi lity to do analyses by various categories easi ly using the

GR0UP BY opti on.

3.1 .6.2 TASYSTAT

The EASYSTAT system (tucker, r973) is written in pL-l and

runs on an IBM 360/4a in l0BK of core, ât Georgetovrn unjver-
sity. statistical analyses appear comprehensive jncluding

procedures f or Fri edman's two-way non-parametr j c anaìys.i s of
vari ance and the cochran Q test. Irlothi ng i s menti oned

about data management. The user's manual i s des j gned to
be espec'i al ly user or jented. For exampl e, once the user

knovrs what stati sti cal procedure he wants , he then goes

through a tree structure answeri ng questj ons i n order that
he does not get lost in the maze of rules for clata defjnition.
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3. I .6.3 SOUPAC - STATISTI CAL ORI ENTED USERS. PROGRAMMERS

AND CONSULTANTS

The s0uPAC system has been under devel opment si nce 1g62 and

is impiemented at the university of Ill jnois and is presently

running using an IBM 360/75. Information on a user's gu'ide

has been requested but has not been received to date and

this evaluation is based on the paper by Chouinard (1973).

s0uPAC has about T0 .statistical procedures. Its statístjcal
strengths lie in the multivariate analysis procedures which

incl udes a factor analys'is procedure that contains the I atest

factoring and rotati on schemes , viz. , the rotati ons are

binormamin, varimax, varisim, obl'imax, oblique, orthogona'l

procrustes, and personal probabilìty functjon rotatjon,
Analysi s of varj ance and regressi on procedures seem compre-

hensive. Its weakness Iies in the jnabi1ity to perform

mul tÍway tabl es of means and f requenci es a'l ong wi th the

as s oci ated tes ts of ass oci ati on .

The data managenrent secti on has facj I i ties to generate data

fjles and manipulate them. The labeling of varjables and

thei r val ues are vreak areas. From the commands presented i t
appears as i f S0UPAC i s easy to use.
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There i s some doubt as to the transportabj I i ty of s0upAC

when chouiìrard mentions in his paper that some of the package

i s wri tten i n non-standard Fortran. Its devel opment, however,

seems certain. Chouinard says, ,'The statistical procedures

i n the remai nder of the package are kept up-to-date and

representr wê bel ieve, one of the I argest and most wel I

rounded parametric statistics library. " A1so, an

i nteracti ve vers i on i s bei ng p'r anned f or the f uture.

3.1 .6.4 STATPAC

STATPAC is evaluated w'i th the aid of the follov;ing I iterature:
a simplified user's manual (Nelson, Hendrickson, phillips,
and rhumhart, 1973) and a paper describing srATpAC (Nelson,

Phillips, and Thumhart, 1973).

This package, deveìoped at the General Electric corporation,
Schenectady, New york, .i s wri tten i n Fortran f or GE and

Honeyleì I 600 and 6000 seri es computers. The authors stress
the need for an easy to understand manual, as we'l I as a

system that does housekeepÍ ng chores . tl., Sâv, srATpAC i s

"a simple and powerfuì statisticar package for al l who

ana'lyze data. " That statement, hov¡ever, i s open to questi on.

STATPAC can on'ly read and store a maximum of thirty variables
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wo-way crosstabs tabj es

sib'l e), if a cell has

wing are printed: the

between l0 and 35, the

36 and 50, and so on.

on commands are not that

Y=A+B in STATPAC would

T0 sET (Y).

the t
t pos

foilo
bers

ween

rmati

say

(A B)

STATPAC's strengths I i e, holever, i n a seri ous attempt to
recogni ze the need of hel pi ng the novi ce but not sti fì ì ng

the sophjsticated user and such aids are apparent in the

format of the user's manual . srATPAc contai ns stati sti cal

procedures not common i n other packages, ê. g. , fi tti ng

di stri buti ons to data and analyzi ng censored I i fe data.

3. 1 .6.5 TSAR - TELE-ST0RAGE and RETRI EVAL

The eval uati on

reference under

and runs under

i s based on the user

TSAR ìs 'implemented

series equipment.

's manual (see

at Duke Universìty

of TSAR

TsAR).

I BM 360

The statistical
major systems.

ana'lyses secti on does

That there are no mul

not compare wi th the

ti vari ate analyses, and
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easy-to-use facilities for mu'l tiway tables are b'i g weaknesses.

TSAR I acks powerful data rnanagement procedures. TSAR, however,

contains a procedure that is useful, but is difficult, oF

absent, on many other systems; namely, the ease of updating

files and correcting data. Also, there is a function that

cal cul ates the number of years e'lapsed, i f the two dates are

given - a minor procedure but very óommonly needed in data

ana'lysis. Facijities exist to add user subroutines. The

user's manual is somewhat disorganized, jumping from statistical
to data management procedures and vice-versa, but it is

readabl e and provi des good references.
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3. I .7 Mi scel I aneous Integrated Systems

The MINITAB system (Ryan and Joiner, .l973) is the 'ljttle
brother' of the 0MNITAB system, and i s be j ng used successf u'l ly
for course work and research at penn state. It is free
of charge, except handling chargês, etc., and is written up

in a 50 page user's manual , which is avai'r abre f rom the

authors.

The STATLAB system (Atkinson, lgTl ) although intended for
statistics labs is, nevertheless, câpable of being used to

some extent for smal i research probl ems. commands exi st to

mani pul ate scal ars , vectors, or matri ces as wel I as perform

special statistical operations, ê.g. , sums, sums of squares,

etc. STATLAB is a programm'ing language but is, indeed,

"easy-to-i earn Iand] easy-to-use, " as i ndi cated by Atki nson.

STATLAB is written in assembler and Fortran IV for an IBM

360/370 computer. The system has changed little from 1971

and the I atest user's manual may be obtai ned from Atki nson.

The srATJ0B system (Mu I I er, 1970 ) appears to be a ì arge

integrated system. Mul ler outl ined in detaÍ I many of the

goals the STATJ0B system should adhere to, but unfortunately
transportab'i lity was not one of them. Personal communicatjon
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with the university of l,lisconsin indicates that srATJ0B

runs only on UNIVAc I 100 series equìpment and they estjmate

i t woul d take two man-years to convert to an IBt',1 360.

See Myers (1969) and Schucany et al. (r97z) for some other
mi scel I aneous systems.
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3.2 Non-integrated Systems

It mi ght be he'l pf u1 to restate what a non-integrated system

is. A non-'i ntegrated system consists either of a series of

i ndependent programs, ot^ one I arge program where the basi c

input data structure has to be changed for different procedures

3.2.1 BMD - BIOMEDiCAL COMPUTER PROGRAMS

This evaluation is based on the user's manual (Díxon, lg73)

3.2.1..l Statistical Analyses

Six independent programs are avilable for descriptive

stati sti cs, but not one produces the medi an. N-way tabl es

containi ng means, etc. are not poss i bl e, al though two-way

is possible using BMD06D. Frequency distribut'ions and

histograms, however, are abundant. Multidjmensional frequency

tables are possible using BMD0BD with its 'variable stacking'

feature. Thj s program can only handl e i ntegers and does not

accept missi ng va1 ues, but BMD09D, v¡hi ch is another crosstab-

ul ation program, can handle missing val ues but does not have

'variable stacki ng' . Al so, for two-way tables the chi-square

statistic i:s given for BMD08D but not for BMD09D. Another
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program i n a di fferent secti on BMD02S performs a conti ngency

table ana'lysis and gives percentages. A maximum likelihood

statistic is produced with this program, along rvith the chj-

square, of course, but other tests of association are missing.

As one can see, organization and consìstency leave.much to

be desired.

Simple, multipie (stepw'i se), and po'lynomial regression are

possible as well as simple correlatíons. There is more than

one s'imple correlatio,ns program - there are three to add

confusion. No non-parametric correlations are available. Non-

standard regressjon programs, however, exist. They are:

periodic regression and harmonic analyses; asymptotic regres-

sion; and non-ljnear regression where the user specifies the

functi on.

Mul t j vari ate analyses i ncl ude princ'i pal components , stepwi se

discriminant analysis, factor analysis, canonjcal correlations,
and a program to detect outl'iers i n mul t'ivari ate data. For

the i n j t'i ated a mul ti vari ate anaìysi s of vari ance and covar j ance

as wel I as a mul ti varj ate generaì I i near hypothes j s program

are avai I abl e.

The analysis of variance and covariance programs are also

very comprehensive. Factorial analys'is wjth multiple covariates,
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and analysis of hierarchical designs are possible, but the

designs must be balanced and complete. Unbalanced designs

can be handled by the general linear hypothesis program.

Duncan's mul ti p1e range test i s avai I abl e as a separate

program. Agai n, there are ten programs coveri ng the AN0VA

and ANC0VA area. Three of these are the genera'l I i near

hypothesis programs. There is a good t-test program, but

there i s a compl ete absence of any non-parametri cs throughout

the package.

Miscellaneous programs include'life tables and survival rates

probi t analysis, and four time series programs.

3.2.1 ,2 Data Management

BMD uses the variable by case structure. Free-field is not

permi tted. lalhether al phanumeri c data, j ntegêF, or real data

i s al I ovred depends soleìy on the parti cul ar program. It j s

not consistent, ê.9., crosstabulation program BMD0BD only

accepts positive or negative integers. JCL i s minimjzed

where appl i cabl e and i nput can come from cards , tape, oF

disk. Input and output from tapes, etc., must be done with

JCL. Vari abl es can have up to a s i x character l abe'l , but

on'ly i n a smal I number of programs. BMD does not have i ts
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own file system, so manipulation of data files is non-existent.
However, a s ort program BMDI 4S exi sts. program control and

data modification are possible. Through the use of,trans-
generation codes', one can perform a test of approxjmateiy

thirty transformations, ê.g. , square roots, reciprocals,
etc. These are difficult to use and very limited. To over-

come this, t!r,o programs BMDI2S (openended transgeneration)
and BMDI3S (mu'ltipass transgeneration) are available. 0ne

can supply hi s own F0RTRAN statements to modi fy data. The

process, however, i nvol ves putting the transformed data onto

an output tape or disk and then usjng the tape or djsk as

'i nput to the requ'i red program. Thi s i s not pract j cal . Speci al -

ized data analys'is statements that are applicable to all
programs are non -ex'i s tent

The stati sti cal output is I abeled adequatery, but, because

the input 'i s not l abeied, most output refers on'ly to the

'vari abl e numbêì ' , i nstead of a concrete name. The 'compu-

tati onal Procedures secti on' does a good job on ri gorous'ly

def i n'i ng output, but at perhaps too h'i gh a mathemati cal level
and with too much computer jargon, ê.g., see BMD03S (probjt
ana'lys i s ).

Limitatjons are clearly stated for each program. Some programs
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are liberal, some are not, e.g., BMD0BD (crosstabulation)

al I ows a maximum of one hundred vari abl es and I 500 cases .

Most programs gi ve the user an estimate of how 'long the iob

wil 1 take and how many pages of output to expect.

3.2.1.3 Ease of Use

The user's manual is a formidable 773 pages. It is exp'l ìcit
and programs are relative'ly independent. The first 66 pages

are basicaììy about 'how to collect data and use BMD'. Even

though it is intended for novices it is still diffjcult to

read. Each program in the manual is consjstent in jts approach,

but unfortunately the programs are di ffi cul t to understand

and use. The manual has a habit of using words that have no

meaning. For example, 'i nstead of saying multidimensional,

crosstabul ation, or N-way tables of frequency counts, they

call jt crosstabulation with'variable stacking' (BMD0BD).

Another is'multipass transgeneration' (BMDl3S). The write-up

say'ing what BMDI3S does is just as confusing.

Some programs handle m'issing vaìues; some do not. Some handle

labels; some do noto etc. Error messages are not listed in

the manual.
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3.2.1 .4 0ther Cons Í derati ons

BMD was one of the fi rst major stati sti cal packages. Because

BMD consists of independent programs and runs on IBM 360/370

equipment, it 'is quite transportable. BMD is easi ly imp'ì e-

mented and costs $+S.

BMD is under constant development. At the time of th'is

writing the BMDP series js currently under development.

Frane (.l973) d'i scusses the new BMDp series and says, ,,...Itt

is] the start of a co'mplete third generation package." Fronr

Frane's paper i t appears that the programs are more j ntegrated,
i . e. , al I programs can handl e m'i ssing va'l ues , al I programs

can have vari able ì abe'ls, etc. More stati sti cs are added,

e. g. ' non-parametri cs . The exampl es have annotatj ons wri tten
on them to heìp ín jnterpretation, etc. All in all it looks

I i ke a much s uperi or product.



A req

S TAT.

1s67 )

3 .47

3.2.2 STAT- PAC K A BIOSTATISTICAL PROGRAMMING PACKAGI

uest to Goddard computer Science Insti tute concerni ng

PACK resulted in the fo'l lowing user's manual (shannon

, upon whi ch thi s eval uation i s based.

3.2.2.1 Statistical Anal.vses

comprehensive descriptive statistics are possible, if one

has only one set of data, but i f one wants to ana'lyze mul tÍ p1e

sets then a different program must be used which is not as

comprehensi ve. A frequency di stri buti on and hi stogram can

be obtained. N-!,/ay tables of means are not possible. cross-
tabul at j ons are I jmi ted to a primi t'i ve tv,ro-way program whi ch

gi ves no tests of assocj ation.

Simple I inear regressjons are possible as wel I as a weightecl

polynomi al regressi on whj ch can gi ve confj dence i nterval s .

l^leighted multiple regressjons, including stepwise, are

possible. A non-'l inear regression program is available, v¡ith

the usen supplying his own Fortran subroutine of the model.

A useful, but not so common, program is available for sìmple

I i near regressi ons where for vari ous dependent val ues the

independent is derived and then confidence I imits obtained
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about the i ndependent val ues. A scattergram program exi sts.
A Pearson correlat'ion matrix program is possible. Kendall's

tau correlation is possible but not as a matrix. 14ul tivariate
ana'lyses are I imited to an optionless two group discriminant
f uncti on.

Analys'is of variance of one-tJay designs with subsamp'l ing,

and up to three-way. bal anced compl ete factori al des i gns are

possible. unequal cell s'izes, however, can be handled in the

two-factor model , assumi ng there i s no i nteractj on term.

Mul ti p'le range tests are I imi ted to Duncan's procedure.

Speci al two-sampl e tests i ncl ude pai red and unpai red t-tests ,

but no non-parametri cs. Bartl ett's test of homogenei ty of

variances is available. Distributjon theory includes the

use of the ch'i -square and Kol mogorov-smi rnov stati sti cs to
fit six common distributions. Random numbers can be generated

from the un'iform, normal, and exponentjal distributions,
but unfortunately the user must cal I a Fortran subrouti ne.

A si,milar feature exists to find probab'i f ity values for
gi ven functi ons.

some mi scel I aneous programs are Kenda I I 's coeffi ci ent of

concordance, estimatj on of the parameters of the I og and
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trans'lated log normal distribution, time series, life
tabl es and- survi val rates, and a few mathemati cal routì nes

such as transformations and matrix inversion.

3.2,2.2 Data Management

0n ly numeri c data i s permi tted and onl y from cards . The

user must supply the data in fixed format, as requested by

the read subrouti ne whi ch can be al tered. Input i s not

the same for aj I procedures. Data fi I es cannot be generated

and thus, there exists no manipul ati on of them. program

control and data modi fi cati on features are non-exi stent
except for 25 predefined transformatjons, which are simjlar
to the BMD transf ormati ons and whi ch ex'i st i n a separate

program and are, for al I i ntents and purposes, val uel ess as

they cannot be used wi th j n the other programs. There are no

specialized data ana'lys'i s statements(recode, select, etc. )

and thereis no way of designating and handìing missing

val ues.

0utput i s adequately I abeì ed, but not ri gorous 1y defj ned

statistically. Limìtat'i ons are stated but very often are

not I iberal considering th'i s is a batch system, e.g., only

nine independent variables in the multìple regression program.
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3.2.2.3 Ease of Use

The user's manual lacks clarity on input and output. For

example, by read'i ng the manual it is unclear whether the

user has to supply his own Fortran subroutine to read the

data and if So, where it fits in with the rest of the cards.

In actual fact, the user does need his own read subroutine

and information on where it fjts in the deck set-up is
s uppl i ed i n one of the appendi ces. The appendi ces , however,

are not listed in the table of contents. Unless the user

uras f ami l i ar wi th Fortran , he woul d be unabl e to use thi s

package due to its heavy reliance on computer jargon in the

data set-ups. For some analyses Fortran knowledge js essen-

tial . Asi de from the previous points the manual needs more

exampl es. References , however, are qui te adequate.

Lj ke most non-integrated batch systems the programs are

di ffi cul t to use due to thei r di fferent i nput data structures

and other parameters for each program and their rigidity
i n havi ng to use numeri c codes i n exact'ly the ri ght col umns

to steer the analyses.
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3.2.2.4 0ther Consi derati ons

srAT-PACK i s wri tten enti rely i n Fortran wi th non-standard

features avoided according to the preface. Each program

runs in BK words of core rvhich is an advantage for transport-
abi I i ty to smal I er systems. There are 53 i ndependent programs.
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2.3 STATI STI CAL PACKAGE UNIVERSITY OF MANITOBA

This package i

the eva I uati on

s an organized

based on the

collection of

user's manual

programs wi th

(Ctrebib, 1972)

A program i s avai I abl e for descrí pti ve stati sti cs i ncl udi ng

percentiles, frequency dístributions, and histograms.

N-way tabl es of means' are not possi br e. Another program

exi sts for mul ti dimensi onal frequency tabl es wi th tests
of associ ati on bei ng avaí I abr e for the two-way tabl es.

Percentages are not ava i I abl e i n the above program. For

data that has been previ ous'ly tabul ated, there al so exi sts a

separate program to do a chi -square anaìysi s. Fi sher's
exact test is not available for small ZxZ tables.

3.2.3

Product momen

as simpìe, mu

exponenti al r

available, bu

corre I ati ons

grams, and fa

matri ces are

Statistical Analvses

t corre I

ìt'i ple (

egressio

t only f
ìs possi

cilities
unavai I a

ati on matri ces are poss i bl e as wel I

including stepvrise), polynomjal and

n. Spearman's rank correl ati on i s

or two variables, i.e., no matrix of
bl e. Partì al correl atj ons , scatter-

f or produci ng non-parametr.i c correl ati on

bl e. Mul ti varí ate analyses i ncl ude
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f actor anaìysi s (pri nci pal f actori ng and vari max rotat'ion )

and a canonical correlat'ions pr0gram.

Analysis of variance incl udes factorial analyses using

Snedecor's harmoni c means sol uti on when cel I si zes have

unequa'l numbers. Unfortunately, i f the desi gn i s one-way

this approximation is also used. Analys'i s of covariance

allows up to three factors and nine covariates. There ìs

also a separate, but comprehensive, one-way analys'i s of

covariance. 0ther programs i ncl ude I atin squares, spì i t
p'lots, experiments repl i cated in time and space, and part'ial ly

bal anced I atti ces.

Two-sample tests include the t-test and the Mann-Whitney

test for unpaired data and just the t-test for paired data

There are no programs on distribut'ion theory.

3.2,3.2 Data Management

0nìy numeric data is permi

The input structure is not

and data i nput i s only al I

mul ti dimensj onal frequency

can be from tape.

tted, but a variable format is allowed

the same for al I the programs

owed from cards except for the

table (MFT) program where input
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Data fi les cannot be generated, thus, Storage, retrieva'l ,

and manipuìation of them does not exist. Editing of data

i s not provi ded. Program control and data modj fi cati ons

procedures are absent. some programs permit up to nine

predefined transformation codes. The MFT program uses the

variable by case structure and permits up to 24 transformation
codes which are a bit more advanced (e.g., can subtract con-

stants, add two varíab1es, etc.). Specialized data ana'lysis
procedures do not exist except for the MFT program which permjts

a cumbersome selection procedure. No provisjons exíst to

handle missing val ues except for the MFT program where the

minimum and maximum can be stated and al I values outside
this range are excluded, but this could only be called
quas i -mi ss i ng.

0utput is adequately I abeled. The user, however, is on'ly

al I owed one headi ng of 40 characters. Label i ng of varí abl es

and cases 'i s not perm j tted except i n the MFT program where

eight character labels are allowed for varjables. Limitations
are stated i n each program and are I i beral .

.2.3.3 Ease of Use

The user's manual provj des no exampl es of output. 0utput .i s not
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No introductionr1

ls

gorously defined

g'i ven a-s to hol^l

and references are mi nimal

to use the programs.

Thi s packâgê,

have a command

cards to speci

use. Besides

I eaves one at

not being an integrated system, does not

1 anguage and uses codes, numbers, etc. on the

fy what to do and is subject to difficulty of

thi s , the fact that exampi es are mi ssi ng often

a loss as to what is rea1ly meant.

3.2.3.4 0ther Consi derati ons

The programs are written in Fortran IV and are written for
an IBM 360/370 computer. There are 28 independent programs

covering the previously díscussed areas. In addition to the

statistical analyses discussed, there exists a comprehensjve

mixed designs (repeated measures) ana'lysis of variance, Kendal I's
rank correl ati on and coeffi cj ent of concordance, probì t
analysi s, cosi ne fi ttì ng, and di scrimi nant analysi s program.

These programs, however, are not listed in the user's manual.
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3.2.4 0ther Non-integrated Systems

3.2.4,1 F4-STAT - FORTRAN IV STATISTICAL SYSTEM

F4-srAT (treaton, 1973) is a system of Fortran subrout.ines,
but w'ith some di f f erences. Al though the user must supply

the main program there are'utility'subroutjnes that permit,
f or example, the print'ing out of headings and error messages,

or the abiìity to read data cards and make assignment state-
ments such as x(l) = c0L(17). Thus, the user is not burdened

by clumsy 'format' st,atements.

Stat jstical analyses are comprehensive incl uding exact ana'lyses

for unbalanced designs and regression routines that allow
for error in the independent variables. F4-srAT is written
in Fortran II and 360 assembler and is impìemented on an

IBM 360/65, contai ni ng approximately I 4,000 source statements.

Accordi ng to Beaton (personal communi cati on ) F4-srAT i s

transportabl e but the "documentati on i s not real'ly good

enough for wide dìstribution. " Also, he feels F4-srAT is
desi gned for use by competent programmers.

Nevertheless, hotable points are that F4-STAT I ies somewlrere

between strjctly 'subroutine sets' and ,organized collect.i ons

of programs' as is sholvn above. Also, something that should

be mentioned is that F4-STAT uses the 'speciaì matrix operators'
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(Beaton,1964) in the subroutines. The phiìosophy behind thjs
i s because hi gh speed computers are avai I abl e, stati sti cal

analyses ( regress i on, analys i s of vari ance, etc. ) are

capabl e of be'ing stated in the mathemati cal model form (f or

analysi s of vari ance dummy vari abl es are created ) and then

the exact so I uti ons are obtai ned . Computati onal formul as that
ori gi nated for desk cal cul ators are i nadequate for unbaj anced

designs. Beaton feels the emphasis should be placed on

specifying the mathematical models rather than on special

techn'iques developed'for calculators.

3.2.4.2 IMSL . INTERNATIONAL MATHEMATICAL AND STATISTICAL

LIBRARIES

IMSL is an organized collection of Fortran subroutines

coveri ng both mathemati cal and stati sti cal appl i cati ons.

There are three libraries, one for each of the fol'l owìng

computers: IBM 370/360, UNIVAC ll00 series, and CDC 6000

series. This evaluation jncorporates all updates since l97l
when IMSL fi rst became avai I abl e.

There are approx j mate'ly I 50 subrouti nes deal i ng vri th

s,t.atist'i cs covering most areas fair'ly well. Mu'l tiway tables
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are not possible for means and frequencies; and

linear moAel ana'lysis still requires the user to
own dummy vari abl es , v¡hi ch i s impracti cal . The

ture i ndi cates that canoni cal ar:,alys-i s, ci uster
discriminant analysis, and factor ana'lysis are

the 1973 version, but this author was unable to

the general

create his

sales litera-
analysis,

available in
fi nd them.

Besi des v¡hat one shoul d def i

to offer, i.e., double or si

speci f i c i nstructi ons ,, etc. ,

that are 'up to date' and gi

a'l gori thm a I ong vrith an exam

subroutines is not provjded

cannot be assessed. IMSL i s

update vras approximately 400

$g0O per year.

nitely expect a good subroutine

ngle precision, liberal comments,

IMSL does provi de ai gori thms

ves some theory for each

pl e. An actual 'l i sti ng of the

so eval uati on of the programmi ng

being constantly updated ( I ast
pages) and is available for



The Sci enti fi c Subrouti ne Package (ssp ) has been a popur ar

system of Fortran subroutines (a'l so avai lable in pL-l ).
It has been indicated that this package may no ìonger be

supported by IBM. Information regardjng SSP has been requested

from IBM but has not been acknowl edged to date.
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3.2.5 Miscellaneous Non-integrated Systems

The MAN0VA (univariate and mul tívariate anaìysis of variance

and covariance) program (Cramer, 1973) al though not a system,

is of such comprehensiveness that it needs mentioning. To

illustrate its comprehensiveness let us quote Cramer, "....it
is possíble to analyze every design in Eæpez.imental Designs

by Cochran and C0x....". To'i llustrate its ease of use for,
sây, a two-way nonorthogonal design all one has to do is put

S, D, SD on the control card to signify that the order to be

emp'l oyed is: S ignoring D, D eliminating S, and SD el iminat'ing

both S and D. The MAN0VA program is implemented in the

P-STATsystem (see Secti on 3. I .3). MANOVA, however, can be

obtained separate'ly f or $SO al ong wi th the user's manual

( Cramer, I 967 ) .

Lee (l 971 ) provi des an organi zed col I ecti on of Fortran programs,

but without data management; for multjvariate analyses. It is
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menti oned because the user's manual al so acts as a text for
mul ti vari a-te anal ys i s .

0SIRIS is a ìarge collection of programs developed at the

Institute for Social Research, University of Michigan. A

user's manual has been requested but has not been recei ved

to date

See Myers (.l969) and Schucany et al. (1972) for some other

mi scel I aneous systems



CHAPTER 4

ON-LiNE SYSTEMS

The defi ni ti on of an on-l.ine stati sti cal system I i ke the

definition of a batch system need not be defined in computer

terminology within the context of th'i s thesis. It is suffi-
cient to say that on-line systems (synonyms are: conversational
time-sharìng, interactive computing, or some combjnation of
al I three terms ) have the fo1 ì owi ng poi nts : 1 ) the user

communicates with the computer us'ing a teletype connected to
the computer, us ua'l 1y vi a tel ephone I i nes , and punched

cards are not used;2) there is true line by line interaction
between the user and the computer. In the process of
communi cat'ing the user shoul d not be at,,lare of any del ays i n

computer responses, i .e. , pri nted responses shoul d appear

almost instantaneously to the user. Some systems perm.i t the

user to access the raw data from a previously defined tape or
disk, oF to direct voluminous output to a high speed line
printer.

Like the batch systems, the on-line systems are similarìy
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divided into integrated and non-integrated sections, and they

are pres.ni.d in aìphabetical order, except S0L, which is

presented in Chapter 5.



The IMPRESS 'system i s "a computer system for sel ecti ve

retrieval and anaiysi s of ì arge data fi les in the socj al

sci ences " i n use at Dartmouth col l ege. Thj s eval uatj on

utilizes three user's manuals: The TM?RESS ManuaL, Analyzing

TabuLations uith IMPRESS, and The fMpRESS primez. (see

reference under IMPRESS).

4.3

4.1 Integrated Systems

4. I . I IMPRESS - INTERDISCIPLINARY MACHINE PROCESSING FOR

RESEARCH AI.ID EDUCATION IN THE SOCIAL SCIENCES

4.l.l.l Statistical Analyses

The I vAR procedure gi ves descri pti ve stati sti cs i ncl udi ng

hì gher moments, quarti 1es, and hi stograms, but N-way tables

of means are not avai I abl e. The MARG procedure makes

one-way frequency di stri buti ons. The XTAB procedure can

produce up to eight-way frequency tables incìuding percentages.

The measures of associ ati on that can be opti onal'ly obta j ned

with xrAB are comprehensive and exhaustive: Somer's cpeffi-
cients , Goodman and Krus kal 's gamma measure, tau and I ambda;

Yule's Q and Y measures; the phi coeffj cient; pearson's C
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stati sti c;,_ 0ramer's V; Tschuprow's T; and Kendal I 's tau

f ami ly; and, of course, the ch'i -square.

The c0RREL procedure pri nts out zero-order or Nth-order

correl ati on matri ces, and the PL0T procedure produces

bi vari ate scattergrams. The REGRES and srEp procedures

perf orm mul ti p'le regress i ons and stepwi se mul ti p1e regress i ons .

Mul ti vari ate analyses are I imi ted to a factor analysi s

procedure.

Ana lys'is of vari ance , two-s amp 1e parametri c and non -parametri c

tests are absent. Some mi scel I aneous procedures are:
path analys js; time-series analys'is; Guttman scaling;
i tem anaìys'i s; as wel I as three other spec.i a1 procedures -

EFFECT, IDEA, ôrìd STD - to study rel ationshi ps betlveen

varì abl es.

4.1.1.2 Data Management

0nly numeri c data i s permi tted i n a fi xed format. The

data, unfortunate'ly, must f i rst be entered as a user data

fi le on di sk before IMPRtss can access i t. The structure
i s vari ab I e by case for al I procedures. Storage and

retrieval of files is adequate but cumbersome. Labeling



Good I abel i ng i s provi ded, but the output i s not ri gorously

def i ned. 0utput f rom IMPRESS i s not capabl e of be'i ng used

as i nput. Li mi tati ons on the number of observati ons are

not ment'ioned and a severely restricting I imit of eight
vari abl es i s al I owed for al I the stati sti ca I procedures as

'i ndi cated i n al I the user's manual s. It does state, however,

(chap'in and Myers , 1972) that thi s l imi t has been j ncreased

to twenty, but js left at eight in the user's manuals to
prevent i ndi scrimi nate use.

4.5

of variables and their values is possible.

By us i ng commands s imi I ar to those i n the BAS IC computer

language one can create new variables or modify old ones.

Faci I i ti es al so exi st to recode, sel ect, der ete, and add

cases. Designation and hand'l ing of missing values is
possi bl e. The faci I i ty to take random sampr es , wi th or

wi thout repi acement, f rom the user's data base i s poss.ibl e.

The faci I i ty to generate data fi I es from the uni form and

normal distributions also exists.

4.1.1.3 Ease of Use

The TMPRESS Primer is a successful attempt to present a
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sophi sti cated data analys i s system to an i nexperi enced user.

It is, however, oriented toward sociologica'r jargon and

exampl es, as are the rest of the manual s. The AnaLyzing

TabuLations ui.th TM?RESS is equal'ly effective as a primer

and besides just saying'how'to run procedures, it exp'l ains

in simple terms the statistical concepts and how to apply

them. It should be noted that it is elementary, being aimed

at the novi ce i n stati sti cs and computers . The TM?RESS

Manual primarily contains information on data management

procedures and, unfortunately, does not come up to the

readability or simplicity of the other two manuals.

Besi des the manual s there are instructi onal messages vrhj ch

are avai lable on-l ine to those usìng IMPRESS. The manuals

coul d proví de more exampì es. IMpRESS uses many esoter.i c

stati sti cal pr0cedures (e.g. , see those stated for the

crosstabulations), but provides no references. Also,

as stated before, the output i s not ri gorous ly defi ned

statisticaì1y in the user's manuals.

commands are in a natural language. Effective controls
appear to exist in handling errors and i'n the actual running

of IMPRESS with regard to he'l ping the user, controiling output
etc.
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4.1.'l .4 Other Considerations

IMPRESS is written in the time-sharing language BAsIC.

unfortunately, IMpRESS, because of the 'l anguage and sophìs-
ticated file structures, is not transportable to the more

common c0mputers. IMpRESS i s impl emented on a Honeywe.l 1

G-635 computer system. chapin and Myers (1972) state, "the
trade-off was between a powerful system written in BAsIC or
a tri vi al one wri tten i n F0RTRAN. ',

Inf ormati on concerni ng IMpRESS comes under the head.ing

'Project IMPRtss'. The TM?RESS Manuaz lists a staff of 33

involved in the project. rhe TM\RESS py,í.met, lists 27

pubì i cati ons i ncl udi ng the three aforementi oned manual s.
Needless to Sâv, deveiopment of IMpRESS is not wantíng.
Perhaps future goal s wi I I be to make IMpRESS transportabl e

and to add more stati sti cal procedures that woul d benefi t
non-socioìogists as well. This author, however, might be

doi ng the IMPRESS project a di sservi ce by negi ecti ng some

facts which serve to enhance IMpRtss. The IMpRESS system
provides a library of surveys that students or faculty can

access on-line. The 'codebooks' (a descrìption of what and

where the variables are and what values they can have) are

avai I abl e. Thus , users are encouraged to anaìyze other
peopl e 's data and draw thei r ou,,n conc I us i ons . At present
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there are 51 surveys wi th an average of approximate'ly 2000

observations and 240 variables per survey. All these surveys

have been edited and analyzed, but in the process the variables
have been extens'iveìy labeled; values w.ithin variables have

been grouped into meaningful categories, etc. Thus, al I the

user has to do i s run the stati sti cal procedures r,v j thout
havi ng to proces s , edi t, man i pul ate , etc. the data. Ar so ,

the user does not have to abide by the groupings set up and

can change it if he so desires. The accessibi'l ity of these

surveys to assist in teaching sociology is, indeed, an

i nnovati ve step and the IMPRESS manual s are geared around

this set-up.



Thi s eval uati on i s based on the user's manual (Fox and Gu'i re,
1973) and a paper by Fox (tOZS¡.

4.9

4.1.2 l'IIDAS r l'IIcHIGAN INTERACTiVE DATA ANALYSIS SYSTEI'1

4.1 .2.1 Stati s_tical Anal.vses

Facil ities exist fo.r providing one to N-way tables of means,

standard deviations, standard errors, mi nimum and maximum

values. 0ther descriptive measures are possible but the user

must empl oy cumbersome methods to obtai n them. H'i stograms

are available. N-way frequency tables are possible as well

as percentages. For the tno-way tabl es various tests of
associ ati on can be obtai ned

Simp'l e and partì a1 product moment correl ati on matri ces are

capable of being produced. Simp'l e and multiple regression
procedures , ì ncl ud'ing stepwì se , are avai I abl e as r.¿el I as

polynomial regression. The predicted and residual val ues from

the above may be saved and used in other procedures ìf desjred.
Scatterpl ots are al so ava'i I abl e. Non-parametri c correl ati on

matrfces include spearman's and Kendall's statistics.
þJeighted and non-l inear regressiorrs are not available.
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Mult'ivariate analyses contain procedures to do prjncipal

components analysis, factor analysis, discriminant analyses,

i ncl ud'ing stepwi se, and canoni cal correl ati ons . The pri nci pal

factor sol uti on i s empl oyed in the factor analysi s. 0rtho-
gonal and obl i que rotatíon schemes are avai I abl e. The

non-stepwise discriminant ana'lysis can also produce quadratic

di scrimi nant functi ons. For the above procedures vari ous

types of output can. be saved, e.9., factor scores for factor
analysisr p0sterior probabilit'ies for the discriminant

analysis, etc.

Analysis of variance is limited to one-way designs but includes

two non-parametri c tests , viz. , Krus kal -Wal I j s and the

medi an test. Speci al two-sanrpl e tests are avai I abl e. The

unpa'i red tests are: t-test, Mann-blhithêV, median, and Kolmogorov-

Smirnov. The paired tests are: t-test, lliIcoxon's, and the

median test.

Procedures exj st to generate random devi ates from the common

di stri butj ons. Some of the di stri buti ons are: normaì , F,

exponenti al , gamma, beta, chi -square, student, un'i form, and

Poìsson.

Miscel laneous procedures are tjme-series analysis, profi'le
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analysis, and two-stage least squares.

4 .1 .2.2 Data Mana gement

MIDAS uses the vari abl e by case structure al though .input may

be entered 'vari abl ewi se' i f desi red. Al phanumeri c data can

be read but i s trans I ated to 'numbers t i nternal 1y so i t
essenti a1 1y I oses i ts i denti ty. Free-fi el d formats are

permitted, with commqs being necessary to separate numbers

instead of blanks. Input may be from cards, tape, d.i sk,
or dÍ rectly from the tel etype.

MIDAS defi nes two types of vari abl es and the user must

indicate what type his variable is on input, i.e., categorical

vari abl es can have up to ei ght character 'labeì s , but no

value labels are possible. case labels are not possible,
but MiDAS automati cal iy numbers the cases consecuti vely
(i.e., 1 to N). The user can create and use multip'l e datasets.
Al though the abi 1 i ty to merge and match datasets j s menti oned,

this author is unable to understand the jargon that MIDAS

empìoys. Many forms of output can be stored as vJas seen

in the statistical analyses section.
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(discretel or ana'lyt'i cal (continuous). If one wants to trans-
form data then, unfortunately, either of two procedures

must be used depending on the type of variable. Arithmetic
expressions are possibje, but only one operator is available
per command, i.e., it would take two commands to produce

{ = A + B + C. Use of IF....THEN, G0 T0...., and MACROS are

unavailable. However, MIDAS provides functions other than the

usual square roots, logs, etc., such as minima, max.ima, ranges,

sums: pêrcentiles, ul.. Good procedures exist for selecting
and del eti ng vari abl es or cases for analyses. provi s i ons

exist to designate m'i ssing values, but the user has no say

on how they are to be used i n the stat'i sti cal procedures.

0utput appears adequa

so that the user can

ti ca 1 procedu res prov

and facìlities exist
or 132 co'l umns, depen

is directed to a line
stated v¡ithin each pr

procedures are libera
product of the cases

teìy I abel ed wi th faci I i ti es provi ded

add his own labe1ing. Most of the statis-
i de opti ons for good control of output

so that output can be either 70,'10S,

ding on the make of teletype, oF if output

printer. The 'l im'itations are not

ocedure, but i t appears as i f al l

I (for the mul ti vari ate procedures the

and variables cannot exceed 13.l,072).
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4.1.2.3 Ease of Use

The output is not rigorously defined, but references are

given for al I the statistical procedures. The number of

examples are minimal. 0therwìse, the manual is expl icit
and procedures are rel ati veìy i ndependent. The termi nol ogy

used throughout the manual, e.9., terms like strata ident,ifiers,
does not hel p the novi ce. some procedures are very di ffi cul t
to understand, e. g. , the C0MPUTE procedure.

Some strong po'ints are MIDAS's abi'l ì ty to do many ana'lyses

i n paral 1e'l wi th the use of the STRATA and BYSTRATA commands.

A1so, i n the on-l'i ne mode good error control exi sts as wel I

as facjlities for prompting and exp'l aining commands to the

user.

4.1.2.4 0ther Considerations

MIDAS i s wri tten i n both Fortran and assembl er I anguages

(90% Fortran) and runs on an IBM 360/67 virtual memory computer.

MIDAS al so operates under the Mi chi gan Term'i nal System (MTS) .

The above points limit MIDAS's transportab'i ìity. MiDAS is
also usable in a batch mode.



4 .14

4.1.3 P-SJA.T_

The P-STAT system (see Section 3.1.3) is also available on-line.
Facilities exist to have input from the teletype, cards, tape

or disk and to dir^ect output to the I ine printer; or direct
error messages to the teletype but other output to the line
printer. For a ful I description of p-srAT see section 3. I .3.
(Note: on IBM 360/370 computers p-srAT woul d normal 1y operate

under TS0 (Time Sharing 0perating system) and unless the

computer centre has large amounts of core for tjme-shar.ing

it ma.y be impossibl e to run P-STAT. )



Joyce (1972) discusses his on-l ine system, SSTAT, that Ís

"built around an ASC0P-like command language" (ASC0P is

evaluated in Section 3.1.1), and runs on a PDP-10 computer.
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4.1 .4 Mi scel I aneous Inteqrated Systems

TR0LL - Ti me-shared Reacti ve 0n-Li ne Laboratory i s a

stati sti cal system devei oped at MIT mai n'ly f or economi c

research. Most procedures are 'econometric' but standard

regressions and graphs are availabje ajong w'i th s'imple

uni vari ate stati st'i cs , e. g. , means and standard devi ati ons .

TR0LL runs on an iBM 360/67.

Myers (.l969) and Anderson (1971) l'ist some on-line stat'i stical
systems. Some that 'l ooked general enough were DATANAL, TR0LL,

ADMINS, ánd TRACE. Documentati on was requested for each of

them, but the only documentati on recei ved to data was the

TROLL system.
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4.2 Non-integrated Systems

4.2.'I ISIS . INTERACTIVE STATISTICS INSTRUCTIONAL SYSTEM

This evaluation is based on the usen's manual (Brown, Goodin,

Meeter, and Sol I er, 1972) .

4.2.1.1 Statistical. Analyses

Comprehensive univariate descript'ive statistics are avaì'l able,

but N-way tables are missing. Four-way frequency tables are

pos s i bl e wi th the abi 1 i ty to anai yze two-way tabl es wi th the

chi-square test.

The s impl e, mul t'i p1 e, and poi ynomi al regress i on programs al I or,¿

p1 otting and storing of residual s. Scattergrams, product

moment correl at'i on, and rank order correl ati ons are avai I abl e

as wel'l as parti a1 correl ati ons.

A factorìal analysis program exists using unweighted cel I means

in unbalanced designs. Analysis of covariance, hjerarchical
desì gffs, and mul ti p1 e range tests are absent. Two sampl e

parametric and non-parametric tests are not available, except

for the l^li I coxon si gned-rank test.
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Program GENDAT can generate random observatjons from any one

of fi fteen common di stri buti ons. A test of normal i ty al so

exists. There are no multivariate stat'istics or miscellaneous

stati sti cal programs.

4.2.1.2 Data Management

A1 phanumeri c data as wej I as free-fi el d i s permi ss i bl e. Input

is the variable by case structure and can be stored and

retrieved from external data fì I es wi th rel ati ve ease.

Labe'l i ng of vari abl es i s not poss i bl e.

Separate programs exi st f or mani pTl ati ng data f i I es .inci udi ng

sorting, l'i sting, editing, dividing, and selecting data, but

they are I imited. For example, to divide one data file up

into smaller subsets (maximum of z0) the division can be made

on the basis of only one variable. programs for transforming
data and merging and vreaving f iles are mentioned but no deta.i I s

are given for these procedures. ISIS was designed so that
output from one program may serve as input to another program.

0ther than the above no more data man'i pul ation procedures are

poss'ible. Miss'ing values are ìnput as question marks (?),
but not all programs can handle missìng values. For those

programs that can handl e missing val ues, no mention is made



0utput labeling is adequate with the user being able to add

hi s own for some programs (e. g. , scattergram) . Procedures

exi st for control I i ng vol uminous output. The output, however,

is not defined.

4. l8

of what is done when they are encountered.

For an on-line, instructional system the limitations are

varied but liberal. For the simple descript'ive statistics
program the number of observati ons al I owed i s stated as

"practjca'l ly unlimited", but only fifty pairs, however, are

al I owed for the l.li I coxon matched-pai r test.

4.2.1 .3 Ease of Use

The user's manual for ISIS is stored on disk and printed out

on computer paper. Instructi ons f or communi catì ng w'i th the

computer and requesti ng the desi red program are c'l ear, as

well as the 'logistics of handììng typing errors, mak'i ng

data fj I es , etc.

Each program is des'i gned to be sel f-instructional when used

on-line and consequently on'ly a few programs discuss detajled



usage in t-he user's nranual (rvhere all that is done is to prìnt
out what v¡ould occur on-line with the user, if he was unsure

what to type in). The programs v¡here the self-'i nstruction
mess ages are pri nted out are fai rìy easy to understand for
simple programs but would be very difficult to follow for, Sây,

the factori al analysis program. Again, no menti on j s made as

to what stati sti cs are actuaì 1y computed. For producti on

purposes the lengthy instructional messages uroul d prove to
be frustrating and time-consum'ing. compljcating features

are that most programs require the input data to come from a

previ ous 1y defi ned external fi i e and that not al I programs

can handle the missing data feature previousiy described.
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4.2.1 .4 0ther Cons i derati ons

ISIS v\,as originalìy developed at Florida state university
and was designed primarily for instructjonal use.

The programs Ì¡Jere rrritten jn GE tjme-sharing Fortran and

re-wrjtten in Fortnan IV by the univers'ity of ca'l gary to run

on the cDc 6400 KR0N0s time-sharing system. Additional
non-parametri c tests are under devel opment.



stri ct'ly an IBM system. The versi on presenily bei ng

ed t^las developed by Tauchi (1968). Information on

est status of RAX has been requested from IBM but

been recei ved to date. As i ate as May, 1971 , however,

system had not changed appreciably (Kelly, 1970).

RAX is

evaluat

the lat
has not

the RAX
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4.2.2 RAX - &ÐtqTE ACCESS STATiSTTCAL SySTEM

4.2.2.1 Statistical Analyses

Some descri pti ve stati sti cs are avai I abl e but medi ans , modes ,

skewness, kurtosis are not available; neither are N-way

tabl es for means. 0ne i s abl e to generate two-way frequency

tabi es and then perf orm a chi -square ana'ìys i s , but N-way

frequency tabl es are not poss i bj e.

Sìmp1e product moment and Kendall correlat'ion coefficients
are available as wel I as a sjmple linear regression, with
the abi f i ty to test for extreme resi dual s, and bi vari ate

p1 ots. Mul ti pl e, stepwi se, and polynomi al regress i on compl ete
the regressi on programs. Mul tj varj ate analyses programs

are avai I abl e. They are: canoni cal correl ati ons, factor analys i s ,

and di scrimi nant anaiyses.



Standard factorial designs are available using Hartley's
algorithm (1962). Unfortunate'ly, the write-up also uses

Hartl ey's 'operator' termi nol ogy whi ch woul d prove i ncompre-

hensible to a user and for practical purposes js unnecessary

to exp'l ai n i n a user's manual . Hi erarchi car , unbar anced

desigBS, and multiple-range tests are absent, although

pai red and unpai red t-tests are avai I able.
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Some mi scel I aneous stati sti ca1 programs are tri p1 e exponenti al

smoothi ng and prob'it analys i s. It shoul d be noted that RAX

is built around the scientif ic Subrout'i ne package (ssp).

4.2.2.2 Data Manaqemen!

0nly numeric data is permitted in RAX but it can be accessed

from both disk or tape in e'ither free-fierd or fixed (but

varìab'l e) format. All input is done with the variable by

case structure, and faci I ì ti es exi st wi thi n the stati sti cal

program to edit (replace, add, delete, etc. ) data. Manjpula-

ti on of data fi I es i s I i mi ted to fourteen pre-defi ned trans -

formati ons , ê.g. , square roots, X + y, etc.

A very serious ljmjtation of RAX is jts jnabiìity to des'ignate
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and handl.- rissing values. If a system uses the variable
by case structure then mì ssing val ues are bound to occur
for real data in such a matrix, and unless these can be

designated and handled accord'ingìy, the system is very limited

0utput is adequate'ly labeled

has unreasonable lÍmitations
the input matrix can have a m

one hundred observations); Ke

vari abl es by two hundred obse

res tri cti ve .

defined. Tauchi's version

e.,
mum

,S

tío

and

(i.

axl

I1v

rva

regardl ess

of twelve

versi on has

of the program,

variables and

ns - better,
th i rty
but still

4.2.2.3 Ease of Use

The user's manual gi ves a r uci d and easy to understand

introduction along with an examp'le. Each program is clear
and easy to us e. Exampl es exi st for each program as wel I

as references where necessary. Thefacil.ity exists to use

ei ther standard AsR-33 tel etypes or the IBM 27 41's.

A good feature j s the 's0s' command. I^lhen RAX as ks the user
to repìy, and if the user does not understand, then if's0s,
is typed by the user, instructionar herp is prínted back.
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4.2.2.4 0the r Cons i derati on s

To run RAX

50 and regu i res

Kelly's

RAX i s rvri tten al most enti re'ly i n Fortran IV

(Tauchi's yersion) requires an IBM 360/40 or

the remote access computi ng system wi th I 2BK

version needs an IBM 360/67 model with 256K.

)(.
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4.2.3 SSI.PP. SOCIAL SCIENCES INTERACTIVE PROGRAMMING PACKAGT

ssIPP was developed at Beloit co1lege, Beloit, l,lisconsin as

an in structi onal system f or stati st.ics 'l abs , wi il.r i nstructi ons

for use being obtained when actual 1y running the program.

This evaluation is based on the user's manua'l (see reference

under SSIPP).

4.2.3.1 Statistica'l Anal.yses

Three programs are avai I abl e for cal cur ati ng moments

and frequency distributions. N-way tables of descriptive
statistics are not possible. Multidimensional frequency

tables are not possible, but a chj-square program is available
to ana'lyze two-way tabl es .

Regressi on analyses of al I types are absent as wel I as mul tj - 
l

variate statistics. A program for product moment correlations
is available. There are no analysis of variance programs l, l

except for the one-way desì gn. For unpai red data for turo-

sampl es the t-test, Kol mogorov-Smj rnov, and Mann-Whi tney

tests are avai I abl e

Distribution theory is sSIPP's forté. For the common
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distributi ons, programs are avai I able to fi nd cri ti cal val ues

given the -level of s'i gnificance, and vice-versa, for one

or two-tai led tests. Computations of the power of the tests

is ajso possible as well as computatjons of mjnimum samp'l e

si zes needed for gi ven po\{ers . Graphs can be generated

for the binomial distribution increasing the samp'le sizes

to i llustrate the central I imit theorem.

Forty-four i ndi vi dual programs cover the previ ous areas

with over e'i ghty percent appìied to dìstribution theory.

4.2,3.2 Data Management

Free-fi el d numeri c data i s requi red. Input i s not vari abl e

by case and depends on the requi rements of each i ndi vi dual

program. Use of data fi I es i s not poss j bl e and no features

exi st f or man'i pul ati on and transf ormati on of data. The

output is not rigourously defjned. Limitatjons when mentioned

are small and no provÍsions exist for m'i ssing values.
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4.2.3.3 Ease of Use

The user's manual i s sel f-i nstructi onar on-l i ne. For the

novice using a program for the first time the on-ìine
instructions would be useful. Although each program asks if
the i nstructi ons shoul d be typed out, the mandatory commands

needed for actual use are too ìong qnd unnecessary. For

exampìe, the one-way analysis of variance program types

"TYPE NUMBER 0F SAMPLE vALUEs F0R RAND0M sAMpLE X,', where x

is the number of the samp'le. If one has, Sây, five samples,

thi s statement woul d be repeated fi ve times even before the
data val ues are typed i n. Even for j nstructi onal use the

amount of Ínstructional output is verbose. There js no

discussion of error messages or hovl to correct errors.

4.2.3.4 0ther Considerations
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di scoverì ng where SSIpp
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t sent a brief list of
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University of Calgary.
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quested i nformati on

llege did not send a

available programs.

g programs and



miscellane_ous programs 'in other disciplines (e.g., psychology)

they ment'ion the existence of a mul t'i ple regression program

and a simp'le two-way tabulation program which the University
of Calgary did not have in their user's manual.
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Beloit Co1'l ege says, "Almost a j l SSIpp programs and subprograms

are written in Fortran IV....". The programs average less
than 8K words of core whi ch i s good f or transportabi'l .ity to
smal I computers.

The SSIPP project is no longer funded, but the programs are

still obtainable fronr the Belo'i t col'lege computjng centre,

wi th costs they sdy, " Ion1y f or] 'l abor, materi al , and shi ppi ng. ,'



This evaluation is based on the user's manual (Smilrie, l96g).
In the author's envi ronment, and in others, STATpACKZ i s

impl emented but no updates have taken p1 ace si nce I 969. Li ke

other systems, except subroutine sets, the user shoul d not

be expected to know the computer 1 anguage invol ved, whether

it be Fortran, Cobol, PL-l or APL. Thus, the approach in

eval uati ng STATPACK2 i s from the user's manual presented and

not from what APL may be capable of doing if a user were

fl uent i n the APL 1 anguage.
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4.2.4 STATPACK2 - AN APL STATISTiCAL PACKAGE

4.2.4.1 Statistigal Analyses

Programs are ava'ilable for descriptive statistjcs. N-way

tables for means are not poss'i ble. I'lultid'imensional frequency

tabl es are not avai I abl e al though one and two-way tabl es are.

The chi-square statistic for tvro-vray tables is available.

s'imp1e and parti al correl ati ons are possì bl e al ong vri th a

stepwise multìple I inear regression program. An anaìys.is of
residuals is possíble. Non-parametric correlat'ions and other
types of regressi on programs are not avai I abl e. 14ul ti vari ate

statistics are absent.
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A compl ete factori al , cross-nested des i gn, and a one-vJay

design are all the analysis of variance programs available.
There are miscellaneous programs involved in matrix operatìons

and operat'i ons research.

4,2.4.2 Data Management

Input i s from fi l es or di rectly from the tel etype. Format

is free-field and i's not varjable by case, except for correl-
at'ions and mul ti p'le regressi on programs. Al though data can

come from fi I es there are no provi si ons for thei r mani pul ati on.

Some programs can handle missing values. For those programs

that handl e mi ssi ng val ues the des i gnatí on of them i s imprac-

tical. For example, the simple correlations program, sc0RR,

requests that al I missing values be input as any negative

number, and the one-t^/ay analysis of variance program, AN0vA2,

requests that mì ssì ng val ues be i nput as zero.

Labe'l ing of output is almost totally absent and the output

is not rigorously defined. There is no discussjon of limitations.

4.2.4.3 tase of Use

A user without an acqua'i ntance with APL would be unable to

use the s i mp'le descri pti ve stati sti cs program i f he rel i ed
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on the user's manual. The first few pages describe the

organizational structure of sTATpACK2 using ApL computer
jargon (e.g. , workspace, function, etc. ) which does not
promote understanding. 0n'ly one exampìe is done and it js

not hel pf u'l . To f i nd the mean and s tandard devi ati on of a

set of numbers one has to prepare the data separately using
the APL ass'i gnment statements and then submit th js to the
parti cul ar program. For al I the programs the user mus t
ass'i gn val ues to 'vectors ' , 'arrays ' , etc. , but nowhere

does it say how to do jt. In short, the user's manual has

no examples (except one), is not explicit, and is djff.i cult
to understand.

4.2.4.4 0ther Cons i derati ons

The computer s tatements are r i s ted for each program i n the
user's manual. The fact that ApL is a powerful, yet compact

language, cannot be argued, as can be seen by program MVSD

where the mean ' vari ance, and standard devi ati on are cal cul ated
for M vari ates and N observati ons i n two program statements .

For thjs algorithm, however, it does not say whether or not
each vari ate has to have the same number of observati ons.

simi lar feats of compactness are achieved for other programs.

It may be etîi cient f or runn'ing the programs, but i n terms of
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understanding what 'i s being done, it is difficult. Not one

comment i s gi ven for any of the programs. The programs

are wel I below the minimum programming standards (see Section

4.2 on Documentati on ) .

To run STATPACK2 requi res that the computer i nsta I I ati on has

APL. To run APL requires iBM teletypes (usua'l ly 2741 ,s)

that need speci al APL typebal I s for i ts set of characters.

smi l l ie in his introducti on says, "srATpACK2 is a package of
APL programs...". However, jt is the author's feeìing that
from a typical user's point of v'i ew the programs just descrjbed

are not programs, but are reaì'ly APL subrouti nes and bel ong

under the category of 'subroutjne sets,.

4.2.5 Miscellaneous Non-inteqrated S.ystems

K'i l patri ck (1972) presents two systems i n hi s paper: ccSS

(conversati onal computer Stati sti car system) wrj tten j n

Fortran IV and APL-ss (APL Statisticar System). The ApL

system appears more user-ori ented than the ApL system i n

Section 4,2.4. Many univer"sities have some type of

conversational statistjcs programs. carleton in canada



4 .32

and 0regol state 'in the u.s.A. have sent some literature on

thei r devel opments (ttri s i s not refenenced) . Anderson

(1971 ) lists four commercial systems.



CHAPTER 5

THT SOL SYSTEM

5.1 Histor.v and Rationale for Development

An increasing dissatisfact'ion with batch packages of programs

by both the author and users led to the ìnitial deveìopment

of s0L. The process of keypunching and using job contror

cards; the process of coding the control cards within the

canned program; the process of codi ng the opti ons ; and

final ly assembl ing the data cards amongst the above v'las

rig'id, d'i fficult, and tìme-consuming. If the control cards

for both the computer system and stati sti cal program were not

specified to the letter and placed in the correct card column,

the run ended prematurely producing wrong, incomplete, 0r" no

results. The error messages \^/ere usually in computer jargon

and provided ljttle assistance in informing the average user

of the exact nature of the probl em. 0ne of the res i dent

stati s ti ci ans usua'l ìy was i nvol ved i n correcti n g the probl enr,

and spent, f or routì ne stat'isti cal probl ems, more tÍme on

computer preparat'i on and problems than necessary.



The above process has taken

probl em of fi ndi ng descri pti
frequency distributjon on a

one hundred observatì ons.

5.2

up to a week for a routine

ve statistics and producing a

sample of data containing about

The coding of data into rigid formats and then keypunching
the data or submi tting the data to keypunchi ng servÍ ces and

waiting was too time-consuming and restrictive for most

users who had small amounts of data - even apart from the
pr0cess of submitting and running the job.

It should be noted that prior to the impìementation of s0L

in 1970 none of the major statist.i cal systems emphasizing
the role of data management and catering to the novice in
statistical computing was available in the author's environment.
Those packages or prograns avai I abl e were not des i gned to
initiate the novice into anar yzing h.is own data. For examp.re,

a typical program would say, "Keypunch the number of obser_
vati ons i n col umns l -5. " The user has no i dea that 'ri ght
justífied'is imp'l ied; or even if 'r.i ght justified,is stated,
v¡hat does it mean? Thus, aside from using a program, under_
standing how to use it 

',as 
just as much a probrem, and,

unfortunately, the statistician was involved in exp.l ain.ing
non-statistical problems more often than necessary.
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It was recognized that most of the problems involved smar r

or moderaLe amounts of data and that many types of statisticar
ana'lyses requested were of a re-occurri ng nature. For thi s

type of prob'l em the fol'r owing points of need emerged: speed

up the process; provide a statisticar system that is easy

to understand and use; mi nimi ze the rol e of the s tati stl. ci an

as much as possible from becoming involved in the'computer
aspect'. These points led to the design of an on-l ine
c0nversatj onal stati sti cal system.

5,2 SOL - STATISTiCS ON-LINE

The s0L system (Rol lwagen, 1973) was implemented in Apri ì ,

1970 and can be classified as an organized collection of
programs. Li ke the previ ous systems i t i s eval uated aì ong

the same guideìines, however, some of the objectjves of the
system are mentí oned throughout the eval uati on.

5.2.1 Stati stí cal Analyses

Descriptive statisti
tests for frequency

what they give (e.g.

cs are avai I abl e as wel I as chi _square

data. Both areas are c0mprehens i ve i n

, êXpected val ues are pr.inted out aìong
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wi th chi -square contri buti on of each cel I and Fi sher's test
for 2xZ ta-bles for frequency data), but N-uray tables are

not possì bl e for means or frequency data. Reasons for not

including N-r^ray tables r^Iere lack of computer core, and jt
would have made the package harder to use. If N-way tables

were used then 'input woul d have had to be the vari abl e by

case structure; whi ch v¡oul d have requi red the user wi th

small amounts of data to organize it in a rigid manner not

necessari 1y conduci ve to ease of use, or to hi s col I ecti on

techn'ique .

A comprehensjve simple l'inear regression is available includíng

confi dence I imi ts and bi vari ate pl ots. Mul ti pl e regressi on

i s poss i bl e and because the prognam i s i nteracti ve, decj si ons

can be made af ter each f i t as to what vari abl es to 'i ncl ude

jn the equation. A polynomial regression is also written
along the same lines. Tests of significance and examination

of res i dual s are poss i bl e for each of the above.

A one-way analysi s of vari ance program exi sts and has opti ons

to do the Krus lcal -tJal I i s non-parametri c test and f i ve mul ti pl e

range tests (i .e. , LSD, Dunnett's, Duncan's, Student-Newman-

Keul 's , and Tukey's ) . Factori al ana'lys i s programs are

avai I abl e. There are three separate programs: one observatj on
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per cel I with the ab'i ì'ity to estimate missing vaìues; equal

observati ons per cel I ; and unequal observatj ons per cel I

us i ng snedecor's harmoni c means sol uti on. Al I programs have

options to estimate the variance components and residual s.

Analysis of covariance and hierarchical designs are absent.

S0L provi des tw

Equa'l and unequ

programs are po

of va ri an ces .

opti ons uri thi n

etri
sing

ampi e param

vari ance (u

ble as well

o-s

al

ssi

The

the

c and non-parametri c tests.
l¡lel ch's procedure) t-test

as Bartl ett's test of homogene'i ty
non-parametric tests are included

t-test programs. This facjlitates
encourages thei r use. Examp'les of the non-parametrì c

AS

and

tests

andare: [,lilcoxon-Mann-lnlhitney, Kolmogorov-Smirnov, sì gn

lali I coxon matched-pai r test

The chi -square and Kolmogorov statj sti cs provi de goodness of
fi t tests for fj ve common distributi ons: normal , exponentj al ,

uniform, binomial, and Poisson. A program is ava.i lable to
generate random numbers from I to N. Generati on of di stri buti on

functions is not possjble.

Some miscellaneous programs are: one-sample t-test, rankit
transformations and test for normality,'least-squares fjt to

a hyperbolic equation, a comprehensive probit ana'lysis program,



a program that s i mul ates the

and a simple transformation
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operati ons of a desk cal cul ator,
program.

A notable m'iss'ing area is multivariate analyses. Because

mul ti vari ate analyses usua'l 'ly i nvol ve ì arge quanti ti es of
data, and usual ly requi re extens i ve edi ti nq before stati sti cs

can be computed, the data is best punched on cards and stored
on di sk or tape. s0L present'ly cannot access data f i'les,
that bei ng the reason for no mur ti vari ate stati sti cs .

Also, the origina'l design philosophy was to include common

procedures and for most peopi e mul ti varj ate stat.i sti cs are

still esoteric. The underly'i ng phjlosophy was to make the

common statistÍcal procedures as comprehensive as possible
and to educate the user on thei r best use.

5,2.2 Data Manaqement

The variable by case structure is not used, except in the

regres si on programs , f or reasons prev'ious'ly stated. For the

amount of data usually presented to s0L and the types of
analyses required the 'input structure adopted (see Fjg. s.2.1)
has proved to be the best to date jn terms of understandÍng

and ease of use for the rnajorìty of the users of s0L. There

is no doubt, however, that the varjable by case structure is
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the best system for batch processing or for large amounts of

data contai nì ng many vari abl es. Input i s a fl exi bl e free-

fi el d format wi th data bei ng entered di rectly from a tel etype "

Use of data files as input is not available and consequently

Storage and retrieval and manipu'l atjon of files is absent.

No provisions exist to alter data except for a few basic

transformati ons avai I abl e i n most programs such as square

roots, logs, etc.

The output I abei'ing ì s abbrevi ated to speed up the print'ing

process (standard ASR-33 teletypes on'ly print at ten characters

per second), but output js rigorously defined. The limitations

are cl early statecl for each program and are I i beral consi deri ng

al I data i s to be entered by teletype input. The t-test

allovr 400 observations per samp'le; the mult'i p1e regression

al I ows ten vari abl es and up to four hundred observatj ons;

the factori al analys i s al I ows up to s i x factors and fi fty

rep'l ì cat j ons per cel I .

5.2.3 Ease of Use

Ease of use js one of S0L's stronger poìnts. The user has

on'ly to read three pages before he can use S0L. Entry'i nto

the parti cul ar stat j sti cal program 'i s easy, as can be Seen i n



5.8

F-jqyre 5..2.. I - ,Exampl,es

FoLLouíng are túo annotated eæampLes. ALL user input ís boæed.
To establísh eommunications uith the computer systen, the
teletype is tuz.ned on and the appropriate phone no. diaLed.

HEALTH SCI ENCES COMPUTER SYSTEM
tlED 2l NoV 73, PORT ø8

JoBNo. .l@

?? TRTII,F-STTT
STI I IN

TITLE.. AN EXAMPLE

llze system acknouLedges the phone caLL
and z'equests the user's job numben. Each
Line of uset input must end by pressing the
RETURN key,

Anythi-ng may be typed in the ?|TLE, butusuaLly sonething identifying the data.

oPs...
LCB
Ct^'.
LO

E

L,
I
3.

By typíng IISFH the

nedian and range,
skeuness and kurtosís,
fnequency dist;ribution (LCB=Louest cLass
boundary, Cll=class uidth),
and histogram (L=Líne gnaph, B= bar
gnaph) uiLL be output.

The data uaLues az.e typed ín fnee fonnat
and terninated by typing a sLash (/),

4.

N

MEAN
VAR
SD
SDM
CV

MED
RAN

SK EW

KURT E

IB

7.77A
2,641
l. ó25
ø.393
ø,2Ø9

7.85ø
5.3øø

-ø. ø85
t. ó93

I

DATA...
?.8 9.3 lØ,2 6,5
8.4 9.3 lØ. I 7.4
8.9 9.8 6.8 8.2
5. B 5,5 ?,9 6,3

6,9 4.9/
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FREOUENCY DI STRI BUTION

CLASS CLASS BOUNDARIES FREO REL FREO CUM FREO CUM REL FREO

I 4,5øø 5.5øø 2 .lll
2 5.5øø 6.5øø 3 .t67
3 6.5øø 7,5øØ 3 .167
A 7.5øø 8,5øØ 4 .222
5 8.5øø 9.5øø 3 ,167
6 9,5øø lø.5Øø 3 ,167

2 ø,lll
5 ø,278'
I ø. â4A

12 ø.667
15 ø.833
t8 l.øøø

*----*----+----+----*----+--__+-___+-_-_*-___*_-__*___-+--__+
a

.( 2)
I ¡ ************!t********:**f *rt *****

a

. ( 3)
2. ** *+ * ** * * * * * * * * * * ** * * t **+ * * ** **,t,k*** * * ** * * * * *

. ( 3)
3 . * * d. * * * * d: * * * * * * {< * * * >F * * * * * * * * * * * * t * *'* * * * * * * * * * *

a,

" 
( 4)

4. +*f<***********Ë****** **********************************t**tr*
a.

. ( 3)
5. *'k* * * * * ''(** * * * ** * * * * + * * * * *,¡ * * * * * * * ** * {< * * * ** * * *

. ( 3)
6 o *** * :t * f * ** t ** * * * * * * * * * * * ** * * * * *.* * dr ** * * * t* * + rt*

a

*----*-- --+----+----+____+_--_+__--+-_- -+_--_+____+--_-+_-__+

RU FINISHED" m . rhe uee, is finished ù)¿th progran srLL.

STI I OUT
STI I USED FOR øø.ø7 HRS
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AN EXAI.JFLE .OF ST4I

?? fRUN-riîl
ST4 t IN

TITLE..

TEST..iãRl
MRrEsr. ln
TFD... N)
NO. GROUPS.. r5l

GRP I..
175 7ø 67 75 ó5 7t 67 67 76 6a/l

terminated by a slash (/).

rGRP 3..
l_:-B . r j

GRP 5..
F¿

Usez, noa uishes to use SI4L.

B.y typíng AK the analysís of oaniance and, tlteXnuskuL-VaLLís test q.ie both nnquested..
?.he .nuLti_pLe-range tests at,e aLso uanted..
N,o .tz,ansfonnation is requined. on the d.ata.Are 5 groups

GROUP

I
2
3
A

5

TO TAL

N MEAN

lø .7øløØøøE
l?, .593ØøøøE
l?t .58199998
lø .5aøØøøøE
lø .64l?'ØØøE

5ø .6194øøøE

SD

.398A67tE øt
,16364448 øl
.18738428 øl
, 14142 t 3E ø I
.179 tgøeg øl

.5195784E øt

SDM

.126øø638 øt

.517 48938 øøl

.59256e88 øø

. A4721368 ø?t

.56665 l3E Øø

.73479A98 øø

ø2
Ø2
ø2
ø2
ø2

ø2
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ANALYSTS OF VARTANCE

SOURCE DF SS MS F

BETWEEN A lø77,312 269.328 49.368
WITHIN 45 245.5øØ 5.456
TO TAL 49 132.2. A t2

MULTIPLE COMPARISON

DUNCAN
LSD SNK
DUNNETT TUKEY P C NO. OF MEANS FOR RANGE TESTED

4; s ø.lgl ø,271 2
As 2 l.2AS 1.76ø 3
41 5 5,8AQt 8.259 4
42 ! tt'584 t6'382 5 ."^^^.¡^7.,^Ihese t¡alues may be compaz,ed directLy uith
3: Z l.øS3 l.ABg 2 . the tablee for sígnificance.
31 5 5.648 7.988 3
3: t 11.392 16.tlt 4

2: 5 4.595 6.499 2
2¿ I t Q1.339 14. 622 3 |

5r I 5.744 8. t23 2

KRU-WAL TEST

GROUP RANK SUM

I 45ø.øø
2 196.5ø
3 I 38.5ø
4 13t.5ø
5 358.5ø

CHI S0 = 38. 437
DF=A

The Kruskal-\./aLLís t.est and the chí-square
value .,to.. test fon signifícanee.

RU FIN I SHED. . IÏ
The usen íe finished.

ST4I OUT
ST4t USED FOR øø.øB HRS The user Logs out. Teletype ehuta off,

?? ITOGOEîI
LOGGED OUT

I
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manual is expl icit as to input,

and provi des many exampl es . Error

to speed up the process and minimize

teiy, one cannot go back and correct

Ithough corrections can be made on

tered at the ti me. The user cannot

control.

5.2.4 0ther Considerations

since S0L's implementation in 1970, the fo'l low'ing changes

have been made: make the programs eas j er to use; i ncrease

the amounts of data that can be input; add non-parametrjc

tests; prepare the programs to handl e data fi r es ; and I ast

but not jeast - improve the readabi'l ity of the user,s manual

The computer programs are wel I documented and are wrj tten
ent'i rely in Fortran iv. The coding is very modular and is
as standard as possible to facilitate transportabiìity.
Efforts were made to restrict that codìng that would have to
be modified on other systems to a few specjfic subroutines
placed at the very beginning of the package. Also, the data

acqujsition routjnes have the decoding facilities, us.ing

standard Fortran coding, built into them, helping to gìve it
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independen_ce of other operating systems. S0L consists of

twenty-four i ndependent programs , 250 subrouti nes and 21 ,000

I i nes of source code

S0L origina'l ly uras impl

(C0C) computer with 32,

whi ch onìy I 2K was avai

packâgê, as it was .call

had not been devel oped

hov¡ever, using an ovérl

program i f modul arly de

4K and is described by

t,Ji thout overl ayì ng the

regardless

wi se. l^lhen

of whether the program was statj stj cal or other-

the us age of the stati sti cs package i ncreased

unable to ga'i n access to the system - a seri ous

for on-line systems. To rectify the prob'lem an

devel oped t'ime-sharing system was devel oped for
ul , l97l ) , where up to s'ix users may access S0L

us1y. l,lhen the need arises (probably late 1974),

hari ng system wi I I be modi fi ed to handl e 12 users

emented on a Control Data Corporation

767 (EZf) words of core storage of

I ab'le f or the on-l i ne stati sti cs

ed then. The time-sharing system

at thjs tjme for the CDC machine;

ay processor (l^finspur, 1970) each

s'i gned could fit into approximately

Rol I wagêh , Protti , and Saunders ( I 97 I

average program is under l0K.

).

The only problem with the above restriction of 4K was that

oniy a maximum of three programs could be run simultaneously,

users u/ere

si tuati on

internaìly
S0L (Wìnsp

si mul taneo

the time-s
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simultaneously. Response times are excellent when six users

are on simultaneously and system reliabiljty.is equa'l ly
good. s0L is available free of charge to non-profit organ-

izations and the original version has been sent to over

twenty other installations.

5.3 Infl uence on Stati sti cal Methods

S0L was not designed to be a teaching aid in formal statistics
courses, but is, nevertheless, being used as such. In the

Medi cal col l ege the graduate Bi o-stati st'i cs and Bì ometri cs

courses desi gn course work, assi gnments , and take home exams

to a fair extent around s0L. In the Faculty of Education

Initialìy in 1970 only two teletypes could access S0L; onry

one hour per day was permitted, and this time had to be

booked. The acceptance of s0L was good and user needs have

reached the point where twenty-five ASR-33 teletypes and four
portable teletypes are distributed throughout the Health

sci ences compl ex as wel I as fi ve remote tel etypes at other
i nsti tutÌ ons - al I wi th twenty-four hour accessi bj I j ty. For

the I ast two years (197 3 an d 1g7z) users have spent approx.i -

mately six hours per day of connect time at the teletype
terminals using s0L (i.e., the time the user logs on the

system to the time he logs off).



(un'ivers'ity of Manitoba) soL is also used in undergraduate

and graduate statistics courses (sandals, 1974) with success.

sandal s s i ngl es out the maj or advantage bei ng that s0L i s

easier and faster to use than batch systems. Al so, more

time is available to do exampìes and in depth interpretatjon
especially with those students havjng difficu'l ty.

5.15

In both teaching and for production purposes s0L has he'l ped

in decreasing the fear of using both computers and statistics.
In a typica'l consulting situatjon after decisions have been

reached on how to anaiyze the data, the researcher js often
i ncapab'l e of doi ng hi s own stati sti cal computat j ons . Hand

cal cul ati ons are i mpracti cal due to: I ack of knowl edge of
what formulas to employ; high source of error in calculations;
1 arge quanti ti es of data; I arge nunlber of experiments ; and

time considerations. if the researcher has an electronic
calculator he may wish to use it, provided the analyses is
preprogrammed, but, i n genera'l , cal cul ators are wi thi n

specific departments and inaccessible. Even So, electron.i c

programmable calculators jn the past have tended to be limited
'i n stati sti cal analyses and data management and often di ffj cul t
to understand and use f or most researchers w'i th'i n the author's
envj ronment. If possíble, the researcher uses s0L. He is
not avJare of the computer s i de other than the conversati onal
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i nteracti on and he i s not frustrated by the batch probl ems

discussed previously. Results are often obtained a short
time after a consultation dispelling fears of both computers

and stati sti cs . The fact that the user i s i nvol ved i n the
process reinforces confidence and encourages a more

'stati stì cal atti tude' toward future experiments.

In counteracting fears of statistical methods S0L's major

contribution has been availabjlity, instant turn-around time,
and ease of use. For simpl ì ci ty the t-test may be di scussed.

If one can exp'lain the t-test concept to a researcher in terms

of two samples of data along with the assumptjons and then

prtlvide an easy method of doing it at the same tjme, then the

researcher wi I I perform the test. 0f course, the eas i er

something'is to use the more 1ike1y it will be misused, but,
in general, most researchers will not knowingìy abuse statjs-
ti cs. For example, i n srl 3 (two sample t-test, t,li I coxon-Mann-

lrlhj thêY, and Kolmogorov-Smi rnov program) a researcher unfami I iar
with non-parametric statjstics requested these optíons

without knowing what they meant. The user did not understand

the results from the two non-parametric tests and consequently

asked, "l,lhat are these tests? what makes them djfferent
from the t-test and v¡hen do I use them?" There are cases,

however, v¡here ease of use has permitted indiscriminate use of
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S0L, as well as inefficient usê, ê.g., analyzing 'l arge

quantities of data.

summari zì ng, more time i s spent by the consul ti ng stat.i sti ci an

on concepts and i nterpretati on; and the user, because he does

his own work gains confidence in statistics enabl ing him to
prepare for more advanced statisti cal techniques, as wel I

as prepari ng the way for more formal data col I ecti on methods

needed j n 'l 
a rge s ca I e batch sys tems .

5.4
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programmed to accept Í nput from data fj I es and

producti on when a general fj 1 e system has been

r the CDC I 700 computer system ( now neari ng

Implementation of comprehensi ve data management

s unfeasi bl e on the cDC I 700 computer system and

opments in this area may necessitate more computing
pob,er.

Addition of cAI is being considered. A user wi I I be able
to ask questions at any step of analysis and get appropriate
answers. For example,'i f the useLi s running the descriptive
statistics program and types, '??t^IHAT IS A sTANDARD DEVIATI0N,
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stops what it currently is doing (because i t
estion marks (ti) as being a sígna1 that
lp) and scans the question 'looking for
s 'STANDARD DEVIATI0N' . From the bank

ply i s pri nted out. The user may then

uestions or proceed on with running the

i cal analyses wi I I conti nue to be added.

of f i I es, mul ti vari ate anaìyses wi'l I

ext to be added.

then the p_rogram

recogn'izes two qu

the user needs he

keywords and find

of answers the re
conti nue as ki ng q

program. Statist
l^li th the addi ti on

probab'ly be the n

S0L's orìgÍna1 design was to
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CHAPTER 6

CONC LUS ION

Excl uding the miscel laneous statistical systems, a total
of 22 systems has been presented and evaluated, of which

I 5 have been di scus sed i n detai I . some general observati ons

can be made. It appears that the batch systems are more

powerful i n provi di ng stati sti cal procedures and data

management than the on-l i ne systems. The on-l i ne systems

are faster and easier to use, and many are excellent teach.ing

systems. The major on-l ine systems, however, suffer from a

lack of transportabif ity. Looking at the integrated systems

versus the non-i ntegrated i t can be seen that the i ntegrated

systems are the most pou/erful, and even with these extra
features, they are genera'l 1y easier to I earn and use for th.e

batch sys tems .

whether the i ntegrated systems are goi ng to phase out the

non-integrated systems remains to be seen. The trend indicates
they wi I l, al though the BMD systern containing the new p-series

of programs makes a strong case for retention of a package of
i ndependent programs. For those i nvol ved i n programmi ng or
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in deve'loping stat jstical systems r pâckages of ,subroutines'

are an asset and it is probable that such packages will con-

tinue to be deve'loped. Two such systems are F4srAT and

IMSL. It was stated in the introduction that only those

systems that di d not requi re a knowl edge of computer pro-
gramming would be eva'l uated, but it was feit that an exposure
to these two systems would be of benefit, even for non-pro-
grammers.

Besides there being four major areas: batch and on-line
systems ' integrated and non-integrated, there is considerable
variety among the systems wjthin each area. The reasons

for thi s are understandabl e. For exampl e, I ) the partí cul ar
type of computer avaílable;2) the type of person using the
system ( i . e. , stati sti ci an, non-stati sti ci an, student, computer

scientist, etc. ); 3) the personal ity of the user, Fêgardless
of his professional type;4) the types of data base and the
amounts of data to be expected; 5 ) ease of i mpl ementati on,
costs, etc.; 6) the speed of obtaining results. In short,
there is no one best system. Each of the criteria in the
guidelines has different weights depending on the particular
app'l ication and user. llevertheress, som.e very general

conc I us i ons can be made about those sys tems that t,lere

evaluated in detail.
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The batch _i ntegrated sys tems (ASC0p, 0MN ITAB , p-STAT, SAS ,

and sPSS) are the most powerful. Al I provide fairly compre-

hensive statistical procedures rvfth p-srAT containing

advanced ana'lysis of variance procedures; spss providing
strong frequency analysi s and mul ti vari ate procedures ; sAs

containing comprehensive regression. techniques and an easy

to use analysi s of vari ance procedure for bal anced des i gns

and other procedures for unbalanced designs; 0MNITAB provides

comprehensi ve descri pti ve and regressi on procedures wi th

facilities for weighted analyses. All have powerfur data

management procedures wi th sAS contai ni ng the most powerful
'i n terms of al l owi ng programmi ng; and p-STAT and ASC0p

strong in the use of creating, storing, and using data files
and usi ng output from one procedure as i nput to others. spss

and sAS are the easiest to use v¡ith the spss user's manual

(not the updates ) bei ng the most readable of ar r systems.

The 0MNITAB system has sufficient power to enable the user

to program non-standard analyses and wouj d prove useful more

for teaching than for production.

The batch non-i ntegrated

and STATISTICAL PACKAGE
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The on-line integrated systems (t¡lpRESS, MIDAS, and p_STAT)

are similar to the batch systems with MIDAS being the most

general. IMPRESS is an excel lent teaching system and

comprehensive in the statÍstics it provides, but is not
very generaì. Neither MIDAS nor IMPRTSS is that transportable.
P'srAT is transportab'l e to IBM 360/370 computers but whether

it works as it should may be suspect, as Buhler (1973c)

says, ". . .works faÍ rìy wel l . . . ".

6.4

powerful s_et of statistical programs.

The on-line non-Íntegrated systems (lsls, RAX, ssipp,
sTATPACK2 - APL, and s0L) are all weak in data management.

RAX and s0L are the more comprehensi ve and genera'l systems.

RAX is not that transportable and may be rather lim.i ted

because i t uses the vari abl e by case structure but cannot

handle m'i ss'i ng values. ISIS and ssipp are primaríìy instruc-
ti onal systems. STATPACK2 - ApL has potenti al , but í t
leaves much to be desired in'i ts present format.

concerni ng oursel ves wi th the S0L system the evi dence

i nd'i cates that i t serves an important rol e i n provi di ng a

fast and easy to use tool for ai di ng students and researchers
in learning and applyìng statistical methods to their data.



It complements the major batch systems and

the author's envi ronment, great'ly assi sted

fears of computers and statistics.

6.5

has, within

in banishing
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