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ABSTRACT

The value of interactive computing and of interactive computer
graphics is discussed with particular reference to the study of statistical
data. A system designed for interactive graphics for multivariate statistics
is described, including a command language to be used as part of this system.

The system is in two parts: administrative programs and statistical
programs. Types of statistical problems suitable for interactive graphical
analysis are glven, with the multivariate techniques used in the solution
of these problems: principal components, factor analysis, cluster analysis
and discriminant analysis. Each form of analysis 1s described with an
outline of the program which implements the technigue, including interactivs
aspects and forms of graphical output provided.

The latter part of this thesis covers the use of these programs.
Principal components analysis 1s used for two sets of dataj a selection of
results is shown and discussed. Results obtained from factor analysis of
data collected for a psychological study are similarly given. For a fourth
data set, initially a cluster analysis solution is found. The graphical
presentation of results led to the identification of a set of variables
which dominates this initial soclution. The interactive procedure for
identifying this and further sets of variables 1s described. Finally,
results obtained from the initial ciuster analysis solution are inmput to

the program for discriminant analysis.



INTROBDUCTION

In many fields the production and use of pictures is an integfal
part of the research or design process, in others the graphical presenta-
tion of data is essential. Even in instances where diagrammatic
reprasentation of data and results 1s not essential 1t can help to
improve understanding of models and technigues.

The introduction of interactive computer graphics firstly facllitates
the production of pictures, and secondly, because of the means by which
pictures are produced, it widens the range of applications where graphics
may be of value. Thers are many types of display, of varying sophistica-
tions, avallable for interactive graphics. The most comprehensive of
these are refreshed display tubes. A picture‘once displayed rapidly
decays and has to be refreshed several times a sscond to maintain a
continuous displays this allows for partilal deletlon of pictures. The
resolution of lines generated on refreshed displays is good, and the more
sophisticated of these devices have hardware rotatlon and windowing and a
wide range of intensities for display. The rate at which a pilcturs is
refreshed depends on the complexity of the picture and the quantity of
data to be drawn; it is difficult to maintain a very complex picture
without flicker. Storage tubes are cheaper and also have good resclution,
but a picture does not require refreshing; once displayed it can be
maintained on the screen. However items cannot be selectively deleted,
the entire screen has to be erased. The simplest typs of graphical
" display is a point plot device where vectors are not drawn; lines ére
made up of a series of poihts and there is only poor resolution. The
range of input devices available for use With these is limited. Their

main advantage is their relative cheapness.



The most common input devices avallable for use with these
displays are alphanumeric keyboards for conveying textual information
to a program, and sets of program switches or keys for indicating
operator choices. The other major form of input devices required ars
graphics input desvices, to identify items on the screen and to specify
co-ordinates. For refresh tubes the most usual device for graphical
input is a light sensitive pen which can be used to "see” 1tems or
identify parts of a picture or i1t can be used in conjunction with a
tracking cross, which moves with the pen, to speclfy co-ordinates.

These are unsuitable for use with a storage tube. A cursor is another
device for graphical input usually employed for storage tubes. This can
be controlled by various devices such as a joystick, thumbwheels, mduse
or tablet. The current X-Y co-ordinates of the cursor are maintained
and can be accessed from an applications program. Polnt plot devices ers
used in very much the same manner as conventional V.D.U.s and simply dis-
play diagrams in addition to alphanumeric text. The only form of input
device usually aveilable with these 1s an alphanumeric keyboard.

Exactly how are these devices of use and in which areas of research
and production? = At the simplest level they can be used for program testing,
for instance in problems where a hard copy of a singlse picture is
eventually required, or where a choice has to be made from a sequence of
many diagrams. The intrinsic value of these devices stems from being
able to interactively choose, modify and construct diagrams piece by piece.

Interactive construction and altsration of pictures is useful in a
wide range of design problems. Components can be added to a diagram one
by one on the instruction of the designer, and the‘consequences of the

addition of each component examined. If a particular design configuration



is unsatisfactory steps can be taken to reinstate an earlier configura-
tion. Designers no longer have to continually consider cogts and
engineering constraints since these can be automatically monitored;
designers can also be relieved of routine activities such as producing
drawings and machining instructions. This step-by-step design procedurs
occurs in the use of Multipatch and Multiobject (Armit, 1971a, b) for
the design of 3-d objects, for example in the design of glassware (Hart,
1972). A simillar procedure is used in DIECAST, an interactive system for
the design of 3-d objects (den Hartog and Veenman, 1872). A surface 1is
subdivided into smaller sections or "patches” which can be 1lndividually
moulded and jolned together to produce the required shape. Interactive
curve smoothing employing rslated techniques 1s used for car body design
(Ciaffi and Marello, 1972). In architectual applications the architsct
can maintain control of overall design and aesthetics while engineering
problems associated with the deslgn and design costs are assessed and
reported automatically to the user at the terminal (Walter, 1868). 1In
this type of application bullding components can be moved around the
screen to assume different design configurations (Maver, 1972).

Interactive graphics has applications in the field of electronic
engineering, for instance for integrated circuit design (Annoni et el,
1872) (McDouall, 1968). In civil engineering interactive graphics is used
for highway design. Different aspects of a proposed design can be
inspected; these may be used to simulate driving along a proposed high-
way. Since thess problems involve large quantities of interdependent
data, any modification to the data can have widespread repercussions
for a given model. With a suitably designed interactive system

modifications can be monitored and the necessary adjustments made to the



data basse. Feeser (Feeser, 1972) describes a system for generating and
displaying perspective views of a proposed highway construction.

' In cartography interactive graphics is used for automated map
drawing. For geclogical applications, stresses and climatic changes
can be simulated, for instance to predict structural changes in the
earth's crust, or to determine the original shape of fossils.

Interactive graphics has been introduced for the solution of a
problem of reglon partitioning (Cheung, 1974). Boundaries are specified
and modified interactively, as are service centre locations and cost
functions. Linear programming techniques are used to find the minimum
costs given the constraints. Results are presented graphically and the
constraints may be further modified.

An extensive survey of interactive graphics systems for mathematics
_1s presented by L. B. Smith (Smith, 1970a). The systems surveyed include
APL/360 based on APL {Iverson, 1862), also SCRATCHPAD (Blair, Griesmer and
Jenks, 1970) and MATHLAB (Engleman, 1965) which provides interactive symbolic
computational facilities. More recently a system known as ISLAND has been
developed (Chau, Davies and Zacharov, 1974). This system 1is designed
primarily for use in a physics research environment; it provides facilities
for interactive vector and matrix manipulation with graphical representation
of results.

‘There are currently only a limited number of interactive graphical
systems for data analysis and multivariate statistics. These are dis-
cussed in more detail in Chapter 1.4; they include STATPAC (Goodenough,
1965), PEG (Smith, 1970b), OLPARS (Sammon, 1968), GOLDA (Harris, 1972)
and an interactive version of some BMD programs (Britt, Dixon and

Jennrich, 1368).



Interactive data analysls does not involve the construction of a
model, or & process of simulation, but systematic investigation into the
structure of a data set.. J. W. Tukey, in a discussion on the nature of

data enalysis (Tukey, 1962), proposes that it should have the following

three characteristics (pags 6):

"(b1) Data analysis must seek for scope and usefulness

rather than security.

(b2) Data analysis must be willing to err moderately
often in order that inadequate esvidence shall
more often suggest the right answer.

(b3) Data analysis must use mathematical argument and -
mathematical results as bases for judgement rather
than as bases for proof or stamps of validity.”

There are no precise answers to the problems of data analysis.
Although statistical techniques provide precise tools, the cholce of
individuals forming a test population is subject to sampling errors and
the choice of variables describing this population i1s a matter of
subjective judgement. Problems are often loosely defined and, therefore,
data analysis can be expected to do no more than to suggest a solution.

With an interactive system for data analysis which has the precision
of individual multivariate techniques, the user can obtain results which
point to the correct answers. An interactive system allows sufficient
flexibility for systematic and rigorous investigation into the structure
of a data set.

Interactive graphics is of value in this process in that the results
can be presented more concisely, and suggestions and pointers to the

direction in which the analysis should proceed are made by means of



easily assimllated pilctures and diagrams. These can be systematically
chosen, and rapidly produced. There are algorithms for presenting n-
dimensional data in a 2-dimensional pilcture to convey different aspects
of the structure of a data set in a form which numbers alone rarely
achleve. However, there 1s no single picture which can convey all the
information required from a data set; it needs to be examined in
different ways by means of sequences of pictures. This process involves
being able to choose subsets of variables and observations for analysis,
to initiate different multivariate techniquess it also involves being able
to examine the results of these in graphical form where possible, and in
numerical form if required. The graphical output may involve the pro-
duction of many pictures, for instance histograms for each of the
variables, or in some instances the same results can usefully be
presented in two or three different ways.

This thesis describes and demonstrates an interactive graphical
system for multivariate statistics. Graphical output and the control of
analysis at the graphics terminal is a prime attribute of the system.
This emphasis on graphics has to some extent determined which kinds of
multivariate analysis have been included in the first instance. Those
chosen provide interesting forms of graphical representation and of user
interaction.

That both graphical and numerilcal output are of importance in
statistical date analysis 1s demonstrated by Feder (Feder, 1974) in using
various graphical displays to demonstrate the results of standard
statistical technlques. It 1is shown how these displays influenced the
investigation of a particular set of experimental data and initiated the

use of additional numerical techniques. In the introduction Feder writes



that "... many of the usual (and not so usual) statistical analyses can
and should be preceded and supplemented by graphical analysis.” This
system is designed to facilitate such a procedure, and, through more
extensive use of this and similar systems, to widen the range of possible
representation of data and statistical results which may gensrate new
ideas for investigation.

The thesis is introduced with a description of the position of an
interactive graphical system for multivarliate statistics in relation to
other interactive and batch statistical systems. The purpose of individual
programs is described, how they are used and the various forms of graphical
output prévided. The use of these programs 1s demonstrated with four
separate data sets. Some of thess ars conventlonal exercises with the
results demonstrated with graphical output. The last study 1s more
extensive and demonstrates the way in which the system can be used to best
advantage., Graphical output is used to isolate the set of variables which
contribute most to an initlal cluster analysis solution. The analysis is
repeated several times with the remaining varilables, on each occasion
isolating a new subset. This procedure does not find the 'best' set of
variables or the set which can be used to most nearly reproduce a given
solution. But, by examining sequences of pictures, the way in which
different sets of variables contribute to the structure of the data set

is better understood.



1. INTERACTIVE COMPUTING AND MULTIVARIATE STATISTICS

This chapter describes the relevance of inferactive computing and
interactlive computer graphics to multivariate statistical research. In
any fileld, large séale resgarch inveolving the use of batch programs is
slow and unwieldy. The instantaneous responses and the control provided
by interactive programs make thls heuristic research procedure more
powerful and efficlent. Interactive graphics provides additional
features which becbme of fundamental use in problem solVing. The use of
batch programs for statistics implies many of the drawbacks of batch
computing. Interactive statistics programs make use of some of the
features developed within batch programs, such as a common data base and
facilities for filingqresults for later reference, while at the same time
providing the advantages of interactive éomputing. If computer graphics
are introduced, the pictures and diagrams become of paramount importance

in multivariate statistlical research.

1.1, Batch operations and the significance of interactive computing

The traditional method of running a user's large scale computer
program is to run it in batch mode out of direct control of the user.
In the absence of widely avallable time-sharing facilities to run large
scale programs interactively, compilers and programs have largely been
written to operate in a batch environment. However, batch mode operation
has limitations which often make it inappropriate for problem solving.

There can be little control over processing in a batch environment
and no intervention. A job cannct be abandoned>when an examination of
preliminary results can show that it is unnecessary to complete the run,

nor can a run be extended if i1t has not gone far enough. There can be no



instantaneous response to results: jobs are submitted to cover many steps
of an analysls, the steps taking a predetsrmined path, and there is no
opportunity to alter the direction of the analysis after the caiculation
of initial results., This mode of operatlng requires many runs of a
program, with an appreciable time elapsing between each run. These runs
frequently produce large volumes of output for analysls, an analysis often
done by the time consuming process of drawing graphs from numerical data
obtained from different parts of the output., This procedure ié employed
in, for example, problems requiring the variation of parameters, or the
search for an optimum. Slow turnround encourages batch users to follow
several lines of investigation when concentrating on one theme might be
more advantageous. Ths development of programs in batch mode 1s
inefficient; not all the errors, typographical, syntactical and logical
are necessarily discovered in an initial run, it can take several runs

to diagnose and correct them all.

Interactive systems can be designed to overcome some of these
problems and to provide, in principle, for more efficlent use of programs
and program development. Large scale interactive programs provide power-
ful tools for hsuristic research. The nature of this process involves the
presentation of results which suggest new directions for investigation.
Facilities exist for the ready implementation of these ideas, the results
of these in turn suggesting further new ideas. The user has control over
the direction of an analysis at all polnts, and may interrupt unsatisfactory
procedures and continue and expand those which appear more fruitful. This
control is relsvant for determining the broad outline of an analysis, for
example, the choice of which statlstical procedure to use. It is used

for specifying the details, for instance, for specifying and altering the



stepsize 1n an iterative optimisation procedure, or in interactive
graphics, for the construction of a dlagram piece by piece. The

flexible nature of this mode of operaticn allowé output to be arranged

to sult each problem; for instance a complete multiway table of
frequencles does not always have to be printed, only those portions which
ars relevant to the solution of the problem in hand.

Interactive systems have their limitations. Hardware usage 1is less
gfficient, users feel under pressure to initiate jobs while sitting at a
console, although with increased availability this attitude may change.
Sequences of analysis have to be carefully planned, since too much ease
of access can result in the investigator spending time pursuing lines
of analysis tangential to the central problem.

There are implications for program design and program writing. The
possible routes which may be taken through an interactive program are far
mofe numerous than those through a batch program. For instance, allowancs
must be made for the user typing any sequence of characters at every
juncture, or pulling any of the availlable switches. Ths program must not
terminate without due warning and explanation, and where there is error
recovery it must be clear and stralghtforward. Results should bes saved
at regular intervals, so that a restart after a system crash or at a
later session is easy to implement.

While it is possible to write Interactive programs in languages
primarily designed for batch operation, interactive languages such as
Basic and PopZ have advantages over batch oriented languages. Firstly,
they are more efficlent for program development. At execution time a
suitably designed program can be easily extended in a direction relevant

to the current situation. The nature of these languages is such that they
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are well suited to interactive research, and to belng able to

continuously monitor and determine the direction of an analysis as

a run proceeds.
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1.2. The need for graphical output and for interactive graphical
computer systems

Graphical‘output is essential for some problems, and for
others would enhance the quality of output and make results easier
to assimilate. Plctures give concise representation of results, and
help to make a guick judgement about the quality of results, and
whether or not to obtain further detail with additional pictures.
Graphical presenfation highlights trends in results which are not
so easily gleaned from lists of numbers. For example, maxima and
minima are identified very quickly from a pictorial representation
of a function, especlally small local fluctuations which often
otherwise go unnoticed. The existence of any outlying members of
a data set 1s more easily identified in one or a serles of plctures,

In addition to the advantages of interactive computing; inter-
active graphical computer systems offer rapid graphical presentation
of results. The way in which these are of use in the interactive
process depends on the field of study. The examination of graphical
output may suggest further experimentation or mors detailed study
of certain aspects or sections of a model or data set along lines
indicated only by the'graphical output. Applications for interactive
computer graphics in design problems where models are interactively
built and modified have already been mentioned. The results and
repercussions of each amendment can be examined and acted upon.

A complete model does not have to be bullt in one single operation
without any user intervention; a mode of operation which may necessi-
tate further runs, and involve the time consuming production of

several versions of digital plotter output.
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In simulation problems and others where graphical presentation of
output 1s available, an examination of the diagrams can help to
determine whether or not to proceed with a particular line of analysis.

Graphical output presented within an interactive system may
influence the choice of the next step in.much the same manner as numsrical
results. For instance, 1t may suggest entry to a different form of
analysls, or variation in the parameters of a model,

In some instances it 1s possible to examine the same results in
different ways, either by use of different representations or by viewing
a model from different angles. One major advantage of interactive graphics
is that a chosen sequence of pilctures can be displayed at a speed dict-
ated by the current situation. The display of sequences of pictures
can be of use in many instances. To quote & few examples; a model can
be viewed from a continuous sequence of anglses,not only selected ones,
and a data set can be shown in terms of each of its variables in sucec-
ession. In problems involving optimisation not only can the optimum
conditions be displayed, but also many other ssts of conditions which
may be instructive.

Interactive graphics widens the scope of interactive computing
by making combined use of the conclse representation of results in
pictorial form and the instantaneous presentation of these pictures.

In many applications the use of these pictures becomes an integral

part of the research procedure.
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1.3. The nature of batch processing systems in relation to
multivariate statistics

The traditional approach to computing in multivariate statistics
has been based on batch mode operation. Programs were written for batch
processing system to perform standard statistical operations, such as one
way and multiway tabulations, multiple ceorrslation, multiple regression,
analysis of variance and covariance, principal components, factor analysis,
discriminant analysis and cluster analysis. In ths first instance these
were stand-alone programs designed primarily for a specific form of
analysis applied to a given data set. For more complicated analyses
involving several stages these programs are more difficult to operate.
There are several reasons for these difficulties, firstly, since input
formats to separate programs performing related analyses are often
different, data and parameters have to be rearranged for each program.
Furthermore data has to bs submitted as a simple rectangular matrix, only
limited provisions are made for transmitting data from one program to
another and there are often only limited facllities for transformations
and data selection.

Sets of related programs or packages for statistical methods were
produced to overcome these and similar operational problems and to provide
flexibility for data analysis. Not all the available packages overcome
all problems, and some emphasize features related to a specific type of
problem. Complex and hierarchical data structures are available in some
packages and also different forms of data manipulation and data editing.
within one package input of data and parameters is uniferm to all pro-
cedures; uniformity of input and output formats makes it possible to use

output from one procedure as Input to another. Transformations are
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frequently required prior to analysis; these may be algebraic trans-
formations or transformations resulting from some experimental problem,
such as recoding alphanumeric responses. These transformations may have

to be conditional, and in a packags facilities for interpreting arithmetic
and logical expressions need only be supplied once. The syntax for these
is uniform throughout, and if identical transformations are required for
several steps of an analysls, these have only to be specified once and
will remain effective as long as they are required. Once some standardisa-
tion has been achieved it 1s a simple matter to extend a package with the
addition of new procedures.

A survey of statistical packages 1is presented by Schucany, Minton
and Stanley (Schucany, Minton and Stanley, 1972). A selection of those
most widely available are briefly discussed.

BMD (Dixon, 1973), a package of interrelated programs intended for
Biomedical statistical research, 1s widely avallable in batch mode. Data
must be submitted as a rectangular matrix with no hierarchical structure.
Paramsters are supplied 1in numeric form without identifying text. Since
gach program is a self contained unit for a single procedure, a procedure
is called by loading the relevant program. Facilities for transformations
have to be provided with each program, which can be wasteful, since
identical transformations may have to be respscified. The BMDP series of
programs 1s a more recent version of BMD (Dixon, 1975), (Frane, 1976),

The major’difference between the two serles is the introduction of parameter
language control. Parameters no longer have to be provided in fixed
columns; they can be clearly and easily specified. Further enhancements
include additional printer graphlcal output, more easily specified trans-

formations, facllities to save files, to select subsets of data and
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improved numerical techniques. Some preliminary work on interactive BMD
programs is described by Britt, Dixon and Jennrich (Britt, Dixon and
Jennrich, 1969). Both the interactive and graphlcal aspects are demonstrated
by means of a non-linear least squares program.

SPSS (Statistical Package for the Social Sciences) (Nis et al, 1975)
is written for batch mode operation. In most implementations SPSS appears
to the user as a single program and control words are used to request
particular statistical procedures, allowing several different analyses to
be executed in one run of the program. The data must be supplied in one
form only, as a conventional rectangular matrix, and files can be saved
for later analysis. A syntax for transformations and data selsection 1s
applied uniformly for all subsystems of the package, and 1f required,
specifications for these remailn effective throughout the use of different
subsystems.

A more flexible method of accessing statistical procedures lies in
the use of subroutines such as those provided in the IBM Scientific Sub-
routine Package (SSP) (SSP, 1970). A main program written in Fortran
calls these subroutines and provides annotated output where required. In
practice, it is usually possible to provide sufficient flexibility with
program packages, these have the additlonal advantage that their use
does not require a knowledge of a programming language.

Systems designed to be flexible 1in that they cater for a wide range
of problems and eventualities within the field of multivariate statistical
research are those which allow the execution of procedures and editing and
manipulation of data sets by means of instructions or commands. ASCOP
(Cooper, 1967, 1968) was originally available in batch mode, but was

written with a view to interactive work. A program is submitted
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consisting of a series of instructions which include arithmetic assign-
ment statements specifying arithmetic operations to be performed on the
data, instructions to initiate statistical procedures and editing
instructions to merge and append files, Instructions can be labelled
and referenced by conditional and unconditional branching statements in
order to omit the execution of instructions as necessary. User defined
subroutines may be supplied. The syntax of commands 1s simple and the
meaning of instructions 1s easily understood.

GENSTAT (Nelder, 1975 a, b) 1s a batch statistical system with its
own command language and extensive facilities for multivariate analysis.
Complex data structures can be defined and arithmetical operations include
matrix and table operations which take account of this complex structure.
Matrices specifically required for statistical procedures can bs easily
and explicitly obtained, and used for subsequent analysis.

These batch systems have done much to cater for non-standard
sequences of analysis without representation of the data. It is arguable
that, to realises their full potentilal these and similar systems should be
adapted for interactive working, although this would not necessarily be
the ideal mode of operation under all circumstances. A carefully planned
batch operatlion followlng a set of clearly prescribed steps can, in the

right circumstances, be both more frultful and more economic.
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1.4. Interactive statlstical systems

With the development and increased use of multistage statistical
analysis it becomes necessary to be able to modify the analysis as it
proceeds. Interactive systems make this possible by presenting inter-
mediate results and allowing ths user to determine the path of the
analysis.,

Interactive statistical systems are of varylng complexity. Ths
simplest are small interactive programs which perform a single straight-
forward statistical procedure. Input data and parameters are supplied at
the console and results presented on the consocle. Apart from the initial
input there is no user interaction with the program.

There are small scale interactive programs for single statistical
procedures which allow the user to interact with the program to determine
detalls for the procedure; for example MULREG, an interactive multiple
regression program available on the ICL 4130 (KOS User Manual, 1973).
Transformations may be introduced interattively at the console, varlables
entered into the regression equation and residuals and assoclated statistics
examined. If necessary, further equations may be defined. This system is
designed for a specific purpose and apart from the absence of built in
data manipulation and flle-editing facilities, it operates adequately in
solving regression problems.

Special purpose but more comprehensive interactive systems are
avallable. IDA (Interactive Data Analysis) (Roberts, 1974) is also
primarily for regression, but with extensive file-editing facilities.
Graphical output is available, for example, plots of the residuals against
the dependent variable. 1In IDA these are character plots which give only

poor resolution on a VDU with its limited number of lines. GLIM
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(Generalised Linear Interactive Modelling) (Nelder, 1975¢c) 1s an inter-
active system with an interpretive language for fitting generalised
linear modsls. OLPARS (On-lLine Pattern Analysis and Recognition System)
(Sammon, 1968) 1s an interactive system with graphical output designed to
enable the user to determine "structure” in a data set and to prescribe
reglons defining subsets of data for analysis. Each of these named inter-
active systems works in a restricted and fairly narrow fisld of
multivariate analysis.

STATPAC (Goodenough, 1865) is a light-pen controlled system for data
analysils which was originally implemented without graphical cutput. PEG
(smith, 1970) is an on-line data fitting system which provides least squares
fitting by varlous methods and different options for graphical output. Two
systems which are more akin to the system presented here are firstly, GOLDA:
a graphical on-line system for data analysis with displays of histograms
and two or three dimensional graphs, various multivariate statisticeal
procedures being provided (Harris, 1972). Secondly, a system described by
Beéujon (Beaujon, 1970) for illustrating elementary properties of statistical
distributions for use as a teaching tool. A demonstration of interasctive
BMD programs has already been mentioned (Britt, Dixon and Jennrich, 1969).

An interactive version of SPSS (Interactive SPSS, 1974) (Muxworthy,
1976) which should uitimately provide facilities for a wide range of
research actlvities is now being designed. At present it contains a
subset of the facilities available in batch SPSS. Currently design
speclifications only cover the definition of data sets, including complex
file structures, data manipulation, simple statistics and regression,
although there are plans to include more of the advanced facilities of

batch SPSS.
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Other interactive statistical systems are described in the
Proceedings bf Computer Science and Statistics: 8th Annual Conference on
the Interface (Frane, 1875), for example SIPS (Avery and Avery, 19875) and
TSAM (Chamberlain, 1875). The use of interactive computing for the design
and analysis of factorlal experiments 1is discussed by Margolin (Margolin,
1976).

It is svident that large scals interactive systems for multivariate
analysis, of which interactlive SPSS 1s perhaps the most plausible proto-
type, are now in demand and becoming available. The project described
in thils thesls developed from a recognition of the value of interactivs
processing in the search for structure in complex data sets. It began
before SPSS became avallable even as a batch system on the UMRCC Regional
machine, and contains features which, necessarily are now being incor-
porated in the interactive version of SPSS. However, the areas of
multivariate analysis investigated include cluster analysis, non-linear
mapping and other procedures not found in interactive SPSS, from which
informative graphical output can be obtained. Indeed unlike interactive
SpsS, the graphical aspects of the present system are of paramount

importance.
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1.5. The value of interaction and interactive graphics in
multivariate statistical research

Before outlining the position of the work described in this thesis
in relation to the statistical programs already mentioned, there follows
a discussion of the implications of interactive computing and interactive
graphics for multlvariate statistical research. The types of pictures
and diagrams which are of value are described, also the possibls forms
of interaction with these displays which may give insight into the
structure of the data set under analysis and a better understandlng of
the statistical methods involved.

An interactive system for multivariate statistics should in the
first instance allow the user to defins, create and amend a data file.
It should then allow a cholce of statistical techniques. Once this
decision is made there must be facilities to 1solate subssts of
variables to examlne their influence on the structure of a data set.

An interactive system should also allow for the definition of subsets of
observations, either because of some common property that such a subset
may have, or else so that outliers or cases with missing or suspect data
can be located, and if necessary excluded. With a suitably designed
interactive system, the user can make on the spot decisions about t}ans-
formations and set parameters for a particular analysis.

The solution of some problems may require several runs of related
analyses. Some multivariate techniques are complementary and the output
from one analysis may be used as input to another. A comprehensive:
interactive statistical system allows the user to make a choice of

technique, and to proceed smoothly from one analysis to the next.
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In addition, interactive graphics offers features of particular
value for data analysis and multivariate statistics, not only in the
production of a single picture to summarise results, but also in the
presentation of a succession of pictures displaying intermediate
results for guidance.

The basic forms of diagrams which are of value are limited in
number. The value of graphics in this fisld lies in the many variations
of these, and in the different aspects of results which the same basic
diagrams can represent. The two most obvious forms of display for data
analysis are conventicnal histograms to show the distribution of a single
variable, and scattergrams to show the relationship between two or thres
and sometimes four variables. With interactive graphics user defined
portions of the histogram can be expanded, the number of intervals
altered, a distribution curve superimposed on the histogram, and the
histogram replaced by a cumulative distribution curve. Simultaneously
displaying the distribution of different subsets of the total population
for the same varlable, as histograms one above the other has proved usse-
ful in the examination of the results of cluster enalysis. For 2-d
scattergrams axes can be rescaled so that, for instance the data can be
standardised for both axes. Additional information can be obtailned
interactively from scattergrams by specifying labels for the data points,
with different labels representing differsnt classes, and also by
"windowing” or expandlng a portion of the diagram for more detailed
examination. The fact that variables used for scattergrams and histograms
need not only be variables defining the original data set, but also new
variables derived by means of statistical techniques, vastly increases

the usefulness of this form of output. A rapid response to requests for
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this type of picture is valuable in itself; if they are requested
systematically one can usually bear important features in mind and make
useful comparisons. If the original data set 1s being examined in terms
of one or two variables at a time, it is important to be able to see the
data in terms of all the variablses in turn in order to avoid being misled
by properties which only occur for a few variables.

There are various ways of displaying n-dimensional data on a 2-
dimensional screen, and a more detalled discussion of these 1s deferred
till a later chapter. However, these may result in histograms, scatter-
grams, points in a cylinder, waveforms, glyphs or metroglyphs (a single
symbol for each observation used to represent the value of more than one
variable), or points on the surface of a sphere. These representations
ars usually displayed to enable the viewer to look for some structure
in the data they represent.

Rotation of axes of scattergrams, with the points remaining
stationary 1s useful for demonstrating the rotation of orthogonal factors
in factor analysis. For other displays, such as the spheres and cylinders
mentioned above, the rotation of a 3-d figure enables the viewer to see
such a figure from any angle. The speed, the increment and the axis for
rotation can all be supplied interactively.

There are problems which require transformations involving one or
more parameters whose values are unknown and cannot be computed from the
data. To discover optimum conditions, facilities must be available for
providing a sequence of values for one or more of these parameters, and
for the inspection of results. It must be possible both to increase
and to reduce these values, and by varied stepsizses in order to be able

to go back and refine the stepsize when an optimum is reached to avoid
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a restart. GCraphs can be displayed simultaneously to show the optimised
function.

The 2-dimensional diagrams from multiple regression analysis showing
observed and predicted values and residuals are most relevant for time
series analysis (Chamberlain, 1975). There are other possible graphical
representations for stepwise multiple regression involving diagrammatic
representation of numerical values for guidance on the cholce of variables
to be included in the equation. Interactive graphics 1s of obvious valus
in problems with only one independent varlable. Such problems require
facilities for transforming the axes and fitting lines to chosen sections
of the data. These sections can be chosen by means of a light pen, or any
avallable graphical input device.

A light pen may be used for case identification; for picking out a
data point in, for instance, a scattergram representing n dimensions. A
histogram for a specified variable can then be displayed highlighting

the chosen data point.
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1.8. The present system

The system described in this thesis is a set of interrelated
interactive Fortran programs written for a refreshed graphical display.
It has been designed to demonstrate the valus of interactive computer
graphics in the field of multivariate statistical analysils, the production
of graphical output is therefore a primary function of these programs.

This system has, of necessity, been written as a series of
individual programs because of software limitetions. Therse are programs
for the initial exploration and verification of a data set, facilities
for the selection of subsets of observations and varlables for analysis,
for the addition of new variables to the data file and for specifying
transformations with Fortran-like statements. The statistical procedures
which have been programmed for interactive use with graphical output are
principal components and factor analysis, with orthogonal rotations,
hierarchical and non-hierarchical cluster analysis and discriminant
analysis. Where relevant, output from one form of analysis can be filed
and used as input to another, and results can be saved for reinput at a
later session.

A command language 1is defined for the use of this system. This
involves keyboard input for complex commands; for speclfylng lists of
identifiers, values of parameters, and transformations, and it involves
the use of keys for commands of a simpler nature. Keyboard input is
fairly cryptic to minimise typing and where possible parameters take
default values, which may be changed if necessary. Prompts on the format
and meaning of the commands which are relevant at each juncture are con-
tinuously displayed. Pictures are avallable for display at every juncture

where it is possible to present results diagrammatically, and where they
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may be of use, sither to summarise results or as a guide for the next
step. These plctures have been deslgned to show the results of
statistical techniques to better effect than tables of numbers alone.
The emphasis is not on file handling techniques, nor on the use
of complex files, nor on providing interactive facllities with fast
responses for a large number of simultaneous users. The emphasis 1s on
demonstrating how traditional and established statistical methods can be
used in the context of interactive graphics to study the nature and

structure of a data set.
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2, . THE DESIGN AND IMPLEMENTATION OF AN INTERACTIVE
GRAPHICS SYSTEM FOR DATA ANALYSIS

The avallable hardware and associated software affect the design
of any system. This chapter describes the influence which the available
facilities had on the system to be described. The need for a command
language to operate an Interactive graphical system for data analysis is
discussed. The structure of the programs which constitute the present
system 1s described, also the command language designed for use with
these programs, and how this language 1s used to initiats statistical

procedures and to obtain and modify graphical output.

2.1. The availlable hardwafeiénd software

Ideally; large scale computer systems should be written in languages
which are widely available and they should be machine independeht. In
practice, even with high level languages like Fortran, local idiosyncracies
make complete portability impossible. With systems which additionally |
involve the use of unusual devices such as graphical displays, this
problem becomes'more acuée. This is(due to the different‘software inter-
faces between the languages and the Various graphical devices available.
fAlthoughlwith the increased avallability of systems of graphics sub-
routines such as GHOST (Prior, 1872) and GINO-F (GIND-F, 1975), these
probiems are being minimised,) Different implementations of high level
languages under different operating systems have implications for thé
methods of accessing programs and for file‘handling. In view of fhese
differences, compromises have to be made in the design of largevscale
graphics systems in order to meke efficient use of the avallable hardwars

and operating system. Therefore because of the influence which the
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availability of hardware has on the design and implementation of a system,
this section desribes the avallable hardware and assoclated software.

The graphical device used for display purposes is an Elliott 4280
Graphical Display Unit attached to an ICL 4130, This is a refreshsd CRT
with one screen only, elght switches or keys, a light sensitive pen and
a console typewriter. The light pen may be used to define points on the
screen by using it in conjunction with the trecking cross. Unlike some
graphical display units, the console typewriter is not incorporated in the
display unit and characters typed in do not necessarily appear on the
display screen. There are thres (hardware) character sizes for displaying
text, Hard copy of display output can be taken on a digital plotter, or
if there 1s only alphanumeric data this can be output to a line printer.

Two interactive languages were available, Basic and Pop-2. The
particular implementation of Basic with limited input and output facilities
made it unsultable for such a large and complex systsm. Currently Pop-2
is not widely used and consequently there is not yet a range of numerical
algorithms available. Moreover, there were no softwars routines written
to interface with the graphical display written for use with either of
these languages.

This system has been written in Fortran, which in view of the wide-
spread use of this language, makes the programs more portable. The soft-
ware interface for the graphics was written for use with Fortran, and
numerical algorithms are available. When the system was first designed
there were no packages of graphics subroutines implemented for the 413Q.
The basic subroutines used for drawing pictures are those defined in the

ICL 4100 Technical Manual (ICL 4100 Technical Manual, 1969).
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The use of Fortran influenced the structure of this system since
the particular implementation end the associated operating system (DES
BATCH) imposed certain restrictions on the design. There are limitations
on the size of the program, in spite of overlaying or ssgmentation
facilities. Only program code can be segmented, constants and workspace
are not overlayed. The space required for data and display purposes 1is
relatively large. In Fortran, erray sizes have to be defined at compile
time, this restricts dynamic use of storage space for arrays. Two
separate runs of the same program may utllise the total array space in
different ways, and a language whicﬁ allocates arrays dynamically makes
more efficient use of the available space., It 1s possible to simulate
this in Fortran by programming for it, but that in itself uses space and
would have been too complex for this project as implemented on the
available machine to have been worthwhile.

The system consists of a series of programs which are sslf-contained
units, although files are passed from one program to the next. There can
be no dynamic interaction with the operating system, it is not possible to
convey variable information to the operating system from within a program
at run time. This has implications for the interactive choice of programs.
Although the user can choose which program to load next, this choice
cannot bs transmitted to the operating system by program control, for
instance from within the previous program. The choice has tc be made from
prior knowledge of the programs available.

The hardware and software facilities for creating and accessing
files were limited. There was a shortage of disc storage space and
magnetic tapes had to be extensively used for data. Although the

facllities avallable have been used as efficlently as possible, the
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emphasis 1s not on file handling technlques. The avallable file handling
facilities are sufficlent for the task undertaken, and if carefully used

with this interactive system they can provide an acceptable response to

requests from the user.
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2.2. The requirements of an interactive command language for
use with graphics for data analysils

This section discusses the need for a command language for inter-
actlve graphics, and the particular requirements of such a language for
data analysls and for multivariate statistical research., Lastly 1t
describes the properties which any interactive command language should
have.

A comprehensive system for interactive graphics for a given area of
research requires the exscution of complex sets of instructions. Spscifi-
cally designed command languages remove the need for having to igsue each
of these instructions individually. While being rigid enough to avoid
the time consuming process of issulng detalled repetitious instructions,
command languages must be sufficlently flexible within certain limits to
allow the solution of the problem under investigation.

For any interactive graphics system commands must be provided for
the administration and overall management of the system, to restart, exit,
to save specified results or to take hard copy for example. For design
projects where interactive graphics are used to build up a model, a
command language must be designed for the detalled modification of a
picture. For instance for the use of Multipatch énd Multiobject,
instructions are provided to define and modify the shape of individuai
patches. In systems written for electronic engineering or architectural
applications commands are designed for the introduction or repositioning
or deletion of individualbcomponents. For simulation problems commands
must be available to set parameters and to initiate the simulated process.
To ensure that interactive systems are flexible and convenient to use the
associéted command languages have to be designed to suit each particular

type of problem.
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An 1nteractive command langﬁage for data analysis must be designed
to meet the requirements of multivariate statistical technigues. It must
provide contrel over processing and output at certain points, these points
being determined by the nature of the technique.

Specifically an interactive command language must provide control
for the following facilities.

1. The definition and verification of a data set.

2. The definition of transformaticns on the data.

3. The choice of multivariate statistical techniques.

4, The definition of parameters for these techniques.

5., The initiation of a procedure, and in some cases thse
interruption of a& procedurs.

6, The definition of what is to be displayed and how it is
to be displayed within certain prescribed limits.

7. Dynamic picture manipulation.
8, The comparison of results.

8. The filing of intermediate results for use on subsequent
occasions.

This list 1s not exhaustive, but indicates the topics wﬁich had to
be given prime consideration when deéigning this interactive graphics
system and the command 1anguage’which ié an integral part of 1t.

Decisions as to exactlvahere to make provislon for user control
are based on the nature of the varlous technigues and experience in the
use of these. It 1s often unnecessary to provide facilities to specify
all fhe parameteré involved in a calculation, although obviously options
must exist for significant parameters. Similarly it 1s unnecessary to
make4provision for all fofmé of output at each point for each techniqus.
Experience has shown that in some places, for instance during unavoidable

lengthy calculatiohs. additional facilities are required to allow for
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user intervention and more specific control. In other instances the
provision of additional control or output facilities either complicates
operations too much from the user’s point of view without adding any real
enhancements, or else it 1s too complsx and takes mores core space or time
than 1its incluslon warrants. The amount of control over processing and
output must be tallored to each individual statisticael procedurs, and its
implementation on a given machine configuration,

An important requirement of a command language is that it be easy
to use. It must facilitate a user's specification of what is required
of the system: it must be easy to indicate a particular technigue, to set
up parameters, to initiate calculations and to specify the form of output.
If the relevance of commands is to be easlly understood, instructions in
the use of the individual procedures must be clear. How to issue to
commands and the rules of syntax must be clear, as must the implications
of issuing a command. For ease of use thers must be uniformity 1n the
format and the syntax of commands, and under similer conditions it should
be possible to issue syntactically similar commands. Furthermore, since
text can be rapidly produced, an interactive graphics system can be made
much easier to use with a display of comprehensive and continually revised
instructions.

Errors in the syntax of commands and errors of context should be
recognised and reported to the user, with a clear concise message, as
soon as they have been detected. There should be complete recovery from
such errors and an error which has been detected in a command should not
affect commands previously given.

Lastly, the language must be extendable. It should be designed in

such a way that, in terms of the subject for which it is written,

-33-



additional facilities can be provided by making only minimal

extensions to the syntax.
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2.3. The organisation of this system

The broad aspects of the design of this éystem as well as the detail
have been influenced by aveailable hardware and software. In spite of this,
it has been designed in such a way that it should be'possible to run the
system elsewhere with a small number of changes, provided that the basic
hardware and software routines to Interface with Fortran ars avallable.

To run it with a storage tube rather than a refresh tubs would require
further programming effort because some use, although not extensive, has
been made of faclillities which are only avallable on a refresh tube. -Apart
from these factors and bearing in mind that the programs would be unlikely
to make efficient use of filing facllities elsewhere, this system should bse
transportable.

The size and complexity of this project as well as the available hard-
ware and software meant that the necessary administrative and statistical
facilitles had to be provided in several separate programs with intermedlate
files. The overall design of the system involved declsions about the
purpose of each program, the structure of the programs, the overall format
of graphical displays, the format and syntax of commands and the structure
and organisation of files. Once a framework had been defined, the admini-
strative prdgrams and programs for some statistical methods were written.

It was then possible to provide additional facilities within these programs
and to add new programs for further multivariate statistical methods without
having to alter the overall design or extend the syntax. The fact that
these extensions were not difficult to make was partly due to the fact that
a large proportion of the rules of syntax had to be defined.for ths admini-
.strative programs and any additional definitions necessary for the

statistical programs are common to many of them.
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As already indicated, this system has had to be written as a set of
individual programs which fall into two categories, administrative and.
statistical. Three programs fall within the administrative category. The
first is a program known as RDDATA, which has to be run at the start of each
session, and sets up data files and administrative files. Ideally, certain
facilities such as transformations should be made universally available,
but shortage of space meant that they had to be provided in one program
only, and the results filed for subsequent use. Transformations are included
in a second administrative program, FILREC, which also has facllitles for
extending an existing data file with related data from an external source.
This program can be used to isolate subsets of observations for separate
analysis. The third program in this category 1s designed to display the
data as scattergrams and histograms. It can be used at any stage in ths
solution of a problem. Extensive facilities in the statistlcal programs
for adding new derived variables to the data file means that this program
can be used to examine these new varlables in some detall. Again a shortage
of space and the limitations of the operating system meant that thess
facllities had to be confined to one program when it would have been more
useful to have had them readily avallable within each statistical program.
Even if this had been possible, it would still have been necessary to be
able to file the results for subsequent examination or input to other
programs.

Turning now to the statistical programs, a discussion of which mulfi-
variate statistical methods have been chosen and why, 1s deferred until a
later chapter, however a few general observations can be made at this point.
Each statistical program covers one topic or several closely related topics,
particularly where the similarities involve the use of the same code and

where there is sufflcient space. The size of store imposes a limit on the
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number of different forms of output which can be provided, although over-
laying program code increases the amount of code which can be included.
However, too many overlays increasss response time to such an extent that
the response to each character typed on the console 1s unacceptably slow.
wWithin each statistical program a subset of variables can be chosen for
analysls, and a subset of observatlons can be chosen provided that they can
be explicitly named. If a subset of observations is to be chosen on the
basis of the values of the data for each observation, then the second of the
administrative programs, FILREC, must be used to create a new input file
for that subset. From the user's point of view the mode of operation of
these programs 1s as uniform as possible within the limits imposed by the
differences in the various technlques.

Administrative files which provide background information for each
program are binary disc files. The data files which are used as input to
gach program are also held in binary files which can elther be on magnetic
tape or disc. The data files are created with each record containing all
the information for one observation and the records are read sequentially.
The reasons for fi}ing ths data in this way are largely historical., This is
a traditional format for flling statistical data and the input and the
statistical calculations for this system are derived from an earlier batch
system which was written to accept data in this form. Sort/merge facilities
have been required for some projects to maintailn updated input files and the
only sort/merge programs avallable required files to be in this format and
they had to be on magnetic fape. For the future, improved file handling
facilities will allow for more complex structures for the data file and
possibly for the transposition of the data file for faster access. Currently
when transformations are made or new variables added, a new file is created

adding the values for the new variables to each record. Transposition of
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the data matrix would facilitate filing both transformations and new
variables, particularly the latter which would simply mean the addition
of an extra row to the file. In some programs, subfiles of data are
created, for use within those programs only, for faster access for
display purposes;

Up to 512 variables may be held on the data files. The statistical
programs all cater for a maximum of 60 variables. There is no limit to
the number of observations which may be held on file. The only limits for
these occur in the number of points which may be simultaneously displayed,
4000 except in a few instances when a lower limit has been clearly

specified.
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2.4. The structure of programs and the purpose of commands

There are two basic processes involved in these programs; the
specification and initiatlon of statistical procedures, and the presenta-
tion of results, which in the main consists of the production and modifica-
tion of dlagrams. The structure of the programs and the methods of
issuing commands reflect the identification of these two processes. Other
factors have aiso influenced the structure, for instance the fact that
this system had to be written as a set of separate programs and that the
choice of programs cannot be interactive. To have been able to'provide
all the facllities in one program and interéctively choose and load only
those parts whibh ars currently required would Have simplified fﬁé
structure. As already indicated the system is a set of interrslated
programs each performing eithef a separate function or Several related
functlons. |

Once the purpose of some individuél programs - had been defined; it
became apparent that the process of specifying and initiating procedures
could be divided into different stages or levels. The necessary commands
fall into clearly defined groups, and these groups must be spscified in a
given sequence. After the specification and initiafion of procedures, the
presentation of resuits occurs at the last level of oberafion.

At one level one of the following may be requested.

{(a1) A choice of statistical method may be made.

{a2) Parameters may be defined and a calculation’initiated.

(aB]‘ Parameters may be defined which will remain constant at

a subsequent level and which 1t would be 1nc§nvenient
to have to keep redefining.

(a4) The form of output may be chosen and detalls defined.
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The transference from one level, level I, to a sﬁbsequent level,
level I+1 willl represent in each case.

(b1) A further step in the relevant method.

(b2) The termination of the calculations.

(b3) The availability of facilities with which to make more

detailed definitions.

(b4) The results will be displayed in the form requested.

In each of the instances (a2) - (a4) several commands may have to be
given before transferring to the next level, and some may be fairly complex.
Typing these commands on the graphics console allows sufficlent flexibility
for conveying all the necessary information. (a21) is a simple choice, a
choice which could be made with a light pen, similarly commands specifying
lists of identifiers could be issued with the light pen, but for consistency
and ease of use these commands are all issued via the console. Once a
diagram or table of values 1s displayed, any alterations which ars required
are specifisd by means of the switches, or in some cases, by use of these
in conjunction with the light pen.

Given that the programs were to be structured in this way, it was
decided that they would present two basic types of picture. The first
type consists of lists of optlons to which the user must respond with
commands typed on the console, these are used for specifying the items
indicated in (a1) - (a4). The second type of picture consists of either
diagrams or tables of numerical values, Qhen these are displayed only the
keys may be used and where relevant the light pen. To the first type of

picture the user must respond with option commands, and to the second

with key commands.
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To minimise the number of user responses, when lists of options are
displayed and several option commands may be given before transferring to
the next level, default options have been introduced. These indicate the
default values which parameters will take unless there are instructions to
the contrary. Therefore if all the default options are satisfactory, only
the command indicating a transfer to the next level need be issued. If
not all the default options are satisfactory, commands need only be given
~ for those which require changing.

If the transfer to the next level indicates that calculations are
1ikely to be lengthy, facilities are provided to indicate how the cal-
culations are progressing and to allow for user intervention. Whether or
not these are provided, once the calculations are complete, a further list
of options is displayed to indicate the facilities for displaying output
and, if relevent, for filing results.

In some clircumstances lists of options have to be provided to allow
for the specification of details for diagrams, and these may be supplied
and terminated with a command to transfer to the lowest level and display
the diagram., Once the diagram is on the screen, if i1t is to be altered or
a new dlagram displayed and the change is straightforward and systematic,
key commands are the most convenient way of specifying these changes.
Examples of systematic changes of pictures are: displaying the data set in
terms of the next variable in a list, displaying the next 'page' of a
table, or a simple modification to a picture, for instance, altering the
number of intervals for a histogram or superimposing a distribution curve
on a histogram. If the change is more complex a list of options is dis-

played (by issuing a key command) and option commands typed in.
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Each program is loaded in a conventional manner, by supplying cards
or card images to the operating system. Once it 1s loaded it works inter-
actively until the user specifies, with a command, that an exit should be
made. The next program may then be loaded. - Obviously, where 1t has been
possible to include several related toplcs in one program 1t is unnecessary
to exlt and re-enter if two such topics are required consecutively. In
order to make this possible and to provide more user control within each
program, control may be passed back to an earlier level of operation, that

is, from level I to level I-1.
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2.5. The syntax and decoding of commands

The purpose of this sectlon 1s to give a more detailed description
of the operation of programs in so far as these detalls are common to all
programs. This involves the syntax of commands and how commands may be
used. The section ends with a brief discussion on the decoding of
commands. Detailed specifications for each of the programs including
definitions of exactly which commands may be issued in all circumstances
are given in a User's Manual (Appendix 2).

. As soon as each program is loaded, a list of options is displayed.
Four flashing asterisks in the top right and left hand corners of the
screen indicate that the system 1s walting for a response from the user,
either by giving an option command if a 1list of options is displayed, or
by giving a key command if a diagram is displayed.

For each item in the list of options (each item is preceded by
<letter>)) one or more commands may be given. The current level of
operation is displayed at the top of the screen and a digit indicating
this level is output to the console. An option command must then be given
in the form

<letter>); or <letter>)<list of items>;

where the letter must be one of those which appear at the start of each
option on the screen. This will relate the command to an option on the
screen. They will be related in that the command 1s intended to have a
function which has been indicated to the user by the text for the relevant
option. There 1s no functional relationship between the text on the screen
and the issuing of a command. The list of options merely indicates what
will happen if certain commands are given while that 1list of options is

displayed. Some of these commands may not be effective until the list of

_43_



options is erased from the screen. But in order that a command shall have
the function indicated by an option, the command must be issued while that
option is displayed.

The first form of option command

<letter>;
has several functions. Firstly, it can be used to indicate a choice of
route through the program if such a cholce is available, It 1s used to
transfer to another level of operation, this may in some circumstances
imply the initiation of a calculation, or that a diagram is to be displayed.
The third use for this form of command 1s for specifying parameters which
can only take the value @ or 1. This applies to program switches for
printing as well as for computational parameters.

The second form of option command

<letter>)<list of items>;

is provided for commands where additional information has to be conveyed
to the program. These commands may require lists of variable identifiers,
or lists of record identifiers, or assignment statements for transforma-
tions, or selective IF statements for forming subsets of observations, or
simply numbers. This willl appear in the list of items, and a definition
of the syntactic slements which may appear in a list of items 1s given in
Appendix 1.

Certain basic universal commands have been bullt into the system to
serve the same operational function in similer situations. These are as
follows.

The command

X)s

is used to transfer control to a (numerically) higher level of operation
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in circumstances where several commands may be given before this transfer
is made. This command is used to display diagrams.

The command

Y)s
is used to transfer control to a lower level.
The command
Z)
is used to exit from all programs.

Once a diagram is displayed the keys are used for control. Key 1
is always used to obtain hard copy and key 8 is used to redisplay the
latest list of optlons.

The system provides some protection against user errors. Firstly,
commands are held in a buffer and are not transmitted to the program until
the semi-colen terminating the command is typed. There is an escape
character which allows a command to be restarted if an error is detected
before the semi-colon i1s typed. If syntax errors occur when option
commands are typed in, an error message is output on the console and the
command may be restarted. Similarly, if an option command is given
starting with a letter which is not currently displayed at the start of an
{tem, an error message is output. Error messages will be output if, in
some circumstances, too many commands are given and there 1s insufficient
space to store the information.

An integer function called ACTION is provided for use with the
graphical display (ICL 4100 Technical Manual, 1968). This function can be
set up to expect any combination of four types of interrupt; a single
character typed on the console, a key depressed, a specified number of end-

of-frame interrupts or a light pen 'see’, of which only the first three are
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relevant hers. Within these programs if a list of options is displayed,
ACTION is set up to expect either 8 end-of-frame interrupts or a character
typed on the console. If the end-of-frame interrupts occur before the
character is typed the intensity of the asterisks at the top of the screen
is changed from dim to bright or vice-versa. A command or a line of a
command is collected in a buffer with repeated calls to ACTION, allowing
it to be eaéily restarted if the escape character is typed. A subroutine
named GTITEM, which is used by all the programs is called every time en

item is required (an item is defined in . Appendix 1, §1).
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3. ADMINISTRATIVE PROGRAMS: THE FACILITIES THEY PROVIDE

The administrative programs to prepare date files, to isolate
subsets of data and to make transfcrmations are described, also the
program used to display histograms and scattergrams; a program
extensively used in later chapters. The problems of displaying n-

dimensional data on a 2-dimensional screen are discussed in ths last

section.

3.1, Input files and the program RDDATA

Qata for input to all programé which accept raw data, rather than
a matrix derived from the raw data, must be presented as a rectanguiar
matrix., Each row of this data matrix represents an obsefvation or case,
which consists of measurements for a named set of variables. This simple
data structure i1s the only form of input provided for sincse hardware énd
software limitations made the introduction of more complex structures
impractical.

This matrix is preceded by specifications for the data. These
specifications include the number of variables, the number of observations,
the format of the data and, optionally, a list of user variable names,
Varlables can be of two types, either numeric or alphanumeric. The
variables used for input to all statistical procedures must be numeric,
There ares therefore facilities, not provided at the time of initial input,
but available in another program, far recoding alphanumeric varlables
into numeric form. Alphanumeric variables may also be used subsequently
for identifying and isolating particular observations. System variable
names which may be used in commands in the form |

V<unsigned integer>

are supplied automatically and sequentially, these may be used
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interchangeably with user varlable names. Record identifiers, which may

also be used in commends in the form
R<unsigned integer>

for individual recard identification, are also supplied sequentially,
(The syntax for variable identifiers and record identifiers for uss in
commands are defined in Appendix 1.)

In the first instance data may be input from any psripheral and the
program RDDATA will create a master input file (m.i.f.) with this data.
At the start of a session the m.1.f. 1s the current input file (c.i.f.]
for all programs. If at any time new variables are added or data trans-
formations specified, a new file is created which becomes the c.i.f.

The m.i.f. can be preserved for later use. The new c.i.f. may also be
preserved for use in a later session., RDDATA must bs run at the start of
gach session either to create an m.i.f. or to establish and check an
aexisting c.1.f., and the user must respond to console messages to indicate
whether or not an m.i.f. exists. The source of commends 1s alsc given in
response to a console message.

Background files, to which the user does not have access, contalning
information about the current input file (the variasbles and their
jdentifiers in a hash table, also the observations) are created by this
program to be read in at the start of each program subsequently loaded.
Once RDDATA has been successfully run other programs can be loaded. If
these involve the creation and filing of new varilahbles, ar the isolation
of a subset of variables or observations, a new current input file is
created. On a new c.i.f. variables and records preserve their original
identifiers, thus if soma varlables are not included in the new file

their system variable names will be absent from the sequence. If new
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variables are added they will automatically be given system variable
names and user variable names must be supplied. The background files

have to be adjusted ;n these circumstances since they contain information

for the c.i.f.

Matrices created from the file of records on the c.i.f. which may
be required for input tQ the programs are filed. Lists of the varlables

and records used to create such a matrix are also filed.
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3,2. Transformations and the selection of data

During the course of an analysis transformations may be required
to create new varlables which are functions of exlsting varlables, or
to recode variables where they are not in a form sultable for input to
statistical procedures. In addition to providing these traﬁsformations
the program FILREC provides facilitles for the addition of new variables
to the data file and for the selection of subsets of data for analysis.
The implementation of these facilities 1s limited in that they ars not
universally provided in all programs and the amendments are made record
by record to a sequential file, nevertheless they are adequats for ths
fundamental requirements of data analysis.

The creation of new variables which are functions of variables
élready defined on the current input file is achieved by means of Fortran-
1ike assignment statements which may include references to functions such
as ABS, AINT, LOG, SQRT, etc. These new variables may be used for input
to statistical procedures or simply to examine, in a scattergram, a known
bivariate relationship. The syntax for these statements 1s defined in
Appendix 1, §4. One command will contain only one assignment statement,

and commands for these transformations must be issued in the form
<letter>)<assignment statement>;

The assignment statement may be for the definition of new variables or for
the redefinition of existing varlables. Each assignment statement is
executed once for each observation on the c.i,f.

Conditional transformations may be used for recoding alphanumeric
variables or for classifying continuous variables. In this case the

execution of the transformation depends on the result of a logical test.
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Each assignment statement 1s preceded by a logical expression involving
variables previously defined. Alphanumeric constants may be used in

logical expressions to identify chosen values of alphanumeric variables,

The syntax for a logical expression is defined in Appendix 1, §5. For

each observation on the c.i.f. the logical expression is evaluated, if

the result of this expression 1s true the transformation is executed, if

it 1s false the transformation is not executed and the variable on the

ljeft hand side of the assignment statement retains its previous value 1f

it is already defined, otherwise it remains undefined. Only one conditional
transformation may appear in a command, and the syntax for these commands

is

<letter>)IF <logical expression>,<assignment statement>;

New variables may be added to the c.i.f. from an external source,
for instance co-ordinates or new variables derived slsewhere for a given
data set. These are specified by giving the appropriate command which
will include é 1ist of new user variabls names. The data may be introduced
on any medium; cards, paper tape, disc file, etc.

A facility for the selection of subsets of observations for analysis

is provided by means of commands which are given as follows
<letter>)IF <logical expression>;

1f the logical expression 1s true for any observation then it will be
jncluded on the new c.i.f. By means of these commands observations are
selected to form a subset whose members have a common property, rather
than having to explicitly name the members of such a subset. Once a sub-
set has been examined, a further subset can be defined by returning to

the original input file end operating thls program with a different set

of commands.
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Once all the amendments have been specified the c.i.f. is read,
one record or observation at a time and a new c.i.f. created. For each
observation any logical commands for the isolation of subsets are
evaluated first, followed by conmandé for any unconditionél or conditional
assignment statements. After the first three fypes of commands have been
dealt with any variables which are to be added are read in and appended
to any records written to the new c.i.f.

To improve efficiency in the evaluafion of arithmetic and logical
expreésions, the operators and dperands whiéh occur in these expressions
are held in a stack in reverse Polish form. 1In this program the final
stack for the reverse Polish is an‘integer array where the operands have
positive entries. These entries are polnters elther to the array of data
values which will be taken from the c.i.f. when the expressions are
evaluated, or they are polnters to a real array of constants. The
operators end function refersnces have coded negatlve entries in the
stack. When these expressions are evaluated intermediate values have to
be held. For logical expressions the logical results of relational
expressions have to be held‘in addition to the numerical results of
arithmetic expressions. A real array’is equivalenced (in the Fortran
sense) to a ldgical afray for these intermediate values. Polnters to
this array are maintained, indicating whether or not an entry is real or
logical so that a program switch will direct control eifher to an
arithmetic assignment statement or a loglcal assignment statement,
whichever is appropriate.

Exit from this program is automatic and the file most recently

created becomes the new c.i.f.
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3.3. Displaying histograms and scattergrams

The program for displaying data as histograms and scattergrams is
known as DISVAR. Data used for elther of these forms of display 1s taken
from the c.i.f. This file may contain, apart from the original date set,
non-linear mapping co-ordinates, principal component scores, factor scores,
co-ordinates for canonical variates and the results of cluster analysis,
The results of cluster analysis will be in the form of cluster or group
labéls which indicate to which cluster each individual belongs. In view
of the extensive use of this program for the examination of results, the
faclilities provided are described in some detail and their use is
demonstrated in a preliminary way with Fisher's Iris data.

The facilities available in this program are listed below. Further
details as to how these and other more specific facilities have been
implemented for histograms and scattergrams are given later. The first
three items in this list indicate different ways of displaying the same
data values.

1) The display may be a standard one where each observation from the
c.1.f. is included and there is no distinction between observations except
in terms of the variable or variables which are used as the basis for the
diagram.

2) Individuals may be uniquely identified by their record identifiers.
This is only relevant for scattergrams.

3) Groups of individuals may be defined at run time, and later
jdentified on the display, by means of a serles of logical expressions
(for the definition of these see Appendix 1, §5),The first command which
contains a logical expression deflines group 1, and all those observatilons
for which this logical expression 1s true belong to group 1. The remaining

observations are tested to see if they belong to group 2 and so on for a
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maximum of ten groups. If an observation does not satisfy any of these
logical expressions it will not appear. The logical expressions may
include any numeric or alphanumeric constants and variable ldentifiers

for any variable on the c.i.f. Thué if a variable is included on the c.i.f.
which is, in essence, a label with k possible integer values, its variable
identifier can be used in a series of k commands, each containing a logical
expression, to define k groups. Not all k groups have to be displayed
simultaneously, any subset can be displayed.

The remaihing two items in this list indicate ways 1n which the
pictures can be manipulated.

4) A portion of the picture displayed on the screen may be magnified
to reveal more detail.

5) The data méy be rapidly displayed in terms of the nextyQariabla
in a Qser defined list and in the same mode as 1t is currently being
displayed.

Fisher's Irls data (Fisher, 1938? caonsists of a set of four measure-
ments obtained from Iris flowers; sepal length, sepal width, petal length
and petal width, 5d sets of measurements were taken from each of thfee
species of Iris; setosa, versicolor and virginica. A data fille waé created
with these‘measurements and a fifth varilable was included; a group identifier
with valueé 1 - 3 indicating to which of the three species each observation
pelongs. NLM co-ordinates were evaluated for 2 dimenslions and thess were
added to the data file as two further variasbles. The varilables on fhe
c.i1.f. were therefore

System variable name User variable name

1. Sepal length V1 SEPALLEN
2. Sepal width \ A4 SEPALWID
3, Petal length V3 PETALLEN
4, Petal width V4 PETALWID
5. Speciles identifier V5 IDENT

6. 1st set of NLM co-ords - V6 NLM1

7. 2nd set of NLM co-ords V7 NLM2
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Three groups were defined by typing the commands

C) IF IDENT EQ 1,
C) IF IDENT EQ 2;

C) IF IDENT EQ 2;

at the appropriate point 1n the program. For a given observation, 1f the
first expression is true then that observation belongs to the species Iris
setosa, if the second is true then it belongs to the specles Iris versicolor
and if the third is true it belongs to Iris virginica.

Histograms

One variable identifierAhas to be given initially to define the first
histogram, in’fhis case it could be V1 or SEPALLEN. For a standard run all
the data ;s displayed in one histogram initially with K*10 intervals, whers
k is the number of groups defined. If no groups are defined kK = 1. When-
ever a histogram is displayed the number of intervals may be increased or
decreased by repeatedly pressing a key. A normal distribution curve may be
superimposed on the histogram, by pressing a key. The area under this curve
is equal to the area of the histogram and the mean and standard deviation
are determined by the data used for the histogram. Figure 3.1 shows histo-
grams énd‘normal curves for the first variable o? the Iris data; sepal
length. Figure 3.1(a) shows one histogram for all the‘data with the normal
distribution curve.

If groups have been defined they may be displayed individually, but
simultaneously, as in Figure 3.1(b) where thé three species of Iris ars
represented by the three different histograms for sepal length. The normal
curvesrin this cass replace the histograms and are superimposed on one
another. In the first instance, Figure 3.,1(c) the sum of the areas under
these curves is equal to the area under‘the curve in Figurs 3.1(a).

However, if there are 10 such curves and if some of them have large standard
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Figure 3.1. Iris data: histograms and
normal curves for sepal length
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deviations they may not be easily visible, and therefore they can be
magnified by pressing a key, Figure 3.1(d).

Specified portions of the histograms can be displayed by typing new
maximum and minimum values for the data which is to be 1ncluded in the
histogram.

Histograms for the next variable in a user defined list can be
displayed by pressing a key. in this case such a list could be V1 TO v4,

Scattergrams

Only 2-d scattergrams are provided, since 3-d scattergrams and the
procedures which would also be required for rotating 3-d pictures require
large amouhts of core store which would have made the programs cumbersome.
and slow tp operate. Hardware characters are used to display the data
points in only three fixed sizes, thersfore they would have been difficult
to display accurately in perspective., It was considered that the rapid
display of successive 2-d scattergfams was of more value than the slower
display ofimore complex 3-d scattergrams.

It 15 not practical to display indivldual deata points in such a way
that theybcan be 'seen' by the light pen. Firstly, this requires too much
space since each point has to be displayed as a separate 'item' in order to
make it identifiable, and each 'item’ displayed requires additional space.
Instead al} the points are displayed as one single 'item’. Secondlj, points
can lis so close to one another that in practice the light pen will always
plck out the same one.

For scattergrams, two variable %dentifiers have fo be given to define
the axeé for thé fi;si sdatteréram. A single scattergram illustfétes the

Iris data and this shows the data transformed to NLM co-ordinates ih

Figure 3.2.
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Fipure 3.2. Iris data: NUi co-ordinates
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Data points may be displayed by a single symbol, say O, or by the
integer label appearing in their record ldentifier, or by their group
labels if groups have been_defined as in Figure 3.2. The light pen can be
used (with a tracking cross) to define a rectangular portion of the scatter-
gram to be magnified. Key 7 may be pressed to produce a new scattergram
with the same variable for the X-axis, but a new variable for the Y-axis.

An additional facility is available for scattergrams; to count ths
number of dafa points which cccur in each region of the scattergram. If
key 21is pressed the axes remain and the data points are replaced by a grid
formed by horizontal and vertical lines drawn at each tic-mark. 1In the
centre of each rectangle of this grid an integer is displayed giving the
number of déta points which fall within that region of the scattergram
previously displayed.

Finally, statistics for the data values used for the current display
are presented together with the histograms or scattergrams and additional

statistics are output to the lineprinter.
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3.4, Displaying n-dimensional data in less than n dimensions

We may define a data set as a set of n variables x,, .. x_ and
n

1!
for each variable a set of m observations with values

xji' J=1eeami1=1...n.

A major problem in using graphics for data analysis arilsss in
portraying properties of n-dimensional data in 1, 2 or at most 3 dimensions.
when the data is projected onto, say, a 2-d subspace of the original n-
dimensiaonal space, although such pictures cen be of great value, all the
information contained in the data relating to the remalning variables 1s
ignored. It requires a total of inl(n-1) pictures to display the data in
all possible 2-d subspaces of the original n-dimensional space.

Some statistical techniques including principal components, factor
analysis and canonical analysis transform the data to a new set of variables.
If any pair of these are chosen as axes for a 2-d scattergram for instance,
then the information contained 1in the‘remaining new variablss is similarly
ignored. For some principal components solutions the two vectors associated
with the two iargest eigenvalues account for a very largs proportion of the
total variance, in which case a 2-d scattergram with these two vectors as
axes might be considered an adequate representation of the data. However,
in general a maximum of three such vectors will not provide an adequate
representation of the data.

Scattergrams can be further deVeloped to include metroglyphs, or
symbols used to represent more than one»variéble. Instead of each data
point being represented as a point in a 2-d picture, each point appears
as a symbol. If then two perpendicular axes represent the first two

variables and the symbol placed in the appropriate position, the valuss
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of & number of other variables can be displayed simultaneously. The
symbol may be a straight line whose length i1s proportional to a third
variable and whose angle of tilt 1s proportional to a fourth (Ball and
Hall, 1870). Alternatively it may be a triangle the length of whose base
represents one variable and the heilght and orientation a further two
(Pickett and White, 1866). The additional variables may be represented
as lines radiating from a circle (Anderson, 1980), the lines for one
variable having the same position on each circle and the length of the
1ine representing the value of the variable for each observation. The
resultant pictures consisting of a collection of symbols, may give an
impression of different textures. Different textures, e.g. Jaggedness,
softness, may be confined to different regions of the picture indicating
some form of homogeneity within a reglon and also between regions.

Symbols constructed as in thess examples cannot easily be used to
display more than ten to twelvé varlables and there 1s some loss of
information particularly if parts of the symbol represent continuous
variables.

A more intricate use of symbols is made by Chernoff 1n the design of
faces to represent points in an n-dimensional space (Chernoff, 1871). The
characteristics of each face are determined by the position of each point
in the n-dimensional space. The 1llustrations of this techniqus allow at
most eighteen variables to be represented.

Tryon and Bailey (Tryon and’Bailey, 1970) use spheres to demonstrate
the results of factor analysis. The factor loadings for each variable are
normalised so that the sum of their squares i1s unity, and therefore if
there are k factors and variables are displayed as points plotted on a

hypersphere of k dimensions the points will all be on the surface.
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Spheres deplcting any combination of three factors can be displayed, and
only those points which lie at or near the surface of each sphere are
shown. Circular contour lines drawn on ths sphere, and arcs Joining the
ends of ths three axes provide visual aids to understanding the 3-dimensional
picture. These spheres are produced by batch programs and can be rotated
to display the maximum number of points before output,

Non-1lnear mapping (NLM) (Sammon, 1963) is a technigue extensively
used for this thesis for mapping the data points from an n-dimensional
space onto a p-dimensiocnal space, where p<n, while preserving the
approximate structure of the data set, The object of this mapping is to

preserve the relative magnitudes of interpoint distances., If
yjl.J=1' cees M, 1=1, vee P

represent the co-ordinates in the new p-dimensional space then the error

term
.. 1 ? (d!k d!kl
P (@) I%
gk 3K
n E i

will glve a measurs of the differences between the interpoint distances in
the two configurations. The minimization of this arror involves minimizing
the function E with respect to the m x p variables le. The computational

technique used was minimization by the conjugate gradient msthod of
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Fletcher and Reeves (Fletcher and Reeves, 1864}. The cutput, a set of p
(= 2) co-ordinates for each of the m observations in the data set was
appended to the c.i.f. using the program FILREC. It was then possible to
examlne data sets in terms of these co-ordinates of the 2-d mapping. For
a given data set different starting positions have nearly always produced
different minima. But for the data for which these co-ordinates have been
gvaluated these different minima appear to have had little effect in terms
of the relative positions of the data points in the resultant 2-d scatter-
grams. This procedure provides another way of examining a data set and
the resultant pictures should be studied in conjunction with other
pictures. Demonstrations of its use are given later when particular data
gets are discussed.

A sequential mapping of polnts onto a plane such that 2m-3 of the
original im (m-1) interpoint distances are exactly preserved is presented
by Lee et al (Lee, Slagle and Blum, 1877]}.

Multidimensional scaling (Kruskel, 1884 a, b) is another technique
for representing n-dimensional data in a reduced number of dimenslons, p.
Suppose there 1s an m x m matrix A of dissimilarities or similarities whose
glements 84k represent, in some sense, the experimental differences or
similarities between the observations j and k. The object of this technique
is to find co-ﬁrdinates for each observation in a p-dimensional space such
that the distances between observatlons measured in this space are monc-
tonically related to the corresponding elements of A. The algorithm for
this technigque requires a lérge amount of store since the matrix A has to
be held, rather than the raw data, (ﬁ_may or may not be symmetric). Four
other arrays of the same size are also required for the calculations. A

program is available for up to 60 observations if A 1s symmetric, but it
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has not been utilised for any of the data sets studied here since they all
have more than 100 observatilons.

A technigue for displaylng n~dimensional data in two dimensions is
described by Fukunaga and Olsen (Fukunaga and Olsen, 1971). Thie involves
defining a new pair of co-ordinates for each point, these are the square of
the Euclidean distance of each point from two vectors in the original space.
These vectors may be, for example, the mean of two groups. This techniqus
i1s most suitable for two class problems and since it would therefore not be
of sufficiently general use it has not been included in this system.

waveforms can be used to 1llustrate n-dimensional date in several
different ways. The simplest of these 1s where the variables are
represented at regular intervals along the horizontal axis (Ball and Hall,
1970). Each curve, or in this case, plecewise lines joining the different
values for each variable, represents an individual or group of individuals.
This type of picture becomes very complex as the number of curves increases,
and in this instance the nature of the picture could depend on the ordering
of the varlables.

Andrews (Andrews, 1970) maps each data point, or group of data

points onto a function
f(t) = x1//5_+ xzsin t + X5C08 t « x4sin 2t + X €08 b+ ...

where t is plotted in the range -7 to +m. Using functions such as these
any number of variables can be displayed in a 2-dimensional picture. If
a set of functions form a band for all values of t, then the points these
functions represent lie near to one another in the Euclidean space. How-
ever it cannot always be sald that because, for a particular values of t;

two functions have the same value then any of the coefficients x, are

i
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necessarily similar. The example given uses for the Xy the coefficients of
the canonical variates for 8 groups of data; these groups fall into two

distinct sets. Other individuals are examined in relation to thess groups.
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4. PROGRAMS FOR MULTIVARIATE STATISTICS

The first section of this chapter explains why particular multi-
variate technigues have been includedvin this system. For each of thoss
which are included there follows the theory, including some detalls of how
the relevant program functions, and a description of the type of output

which may be obtained.

4,1. The choice of multivariate statistical techniques

The types of statlstical problem listed below are all suitable for
jnteractive computing and interactive graphics. The techniques involved in
solving these probleﬁs are particularly sulted to user interaction in that
they provide a means of finding, rapidly and directly, an acceptable scluticon.
In each case effective and informative output has been designed to display
results. These problems may involve the use of related technlgques or they
may involve repeated use of the same technique with variation in parameters.
They have been divided into three categories, Eut there may well be overlap
in that the technigues indicated for the solution of one type of problem may
alsoc be used in the solution of others.

The three categories of problem are as follows.

1) Problems which involve transforming the data to a new basis,
Factor analysis 1s used to explain multiple response data in psychological
terms. Principal components can be used to describe n-dimensional data in
less than n dimensions. Factor and component scores displayed as histograms
and scattergrams allow the user to view the data in terms of the new co-
ordinate systems. Graphical displays have been designed to show the con-
tribution of the original variables to each of the new axes. Also the
differences between an initial solution and an orthogonal rotation of that

solution can be effectively demonstrated.
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2) Problems which require the classification of data items. This
involves deciding whether or not a given sample of individuals falls into
groups, and if it does so, deciding on the number of groups and the member-
ship of each group. The initial methods used in the solution of this type
of problem have here been called cluster analysis. With an interactive
system different starting configurations can be tried and the resulting
solutions compared. When the classification 1s complete a label may be
assigned to each individual to indicate to which group it belongs. This
label may be used for several different purposes including the isclation of
a single group for further analysis. As a direct consequence of the uss of
{nteractive graphics it has been possible, with this system, to make further
investigations 1into results obtained from cluster analysis.

3) Problems of discriminaticn. In this type of problem the investi-
gator 1s presentéd with samples drawn from known populations, and the object
is to determine how the populations are separated for predictive purposes.

As already indicated one technique may be used for different purposes.
Principal components analysisvcan be used to define the data in terms of a
new set of co-ordinates, elther to study the principal components solution
or for input to cluster analysis. The results of cluster analysis may be
jnvestigated using the calculatlons involved in discriminant analysis.

gSammon (Sammon, 1968) has described an interesting and versatile system
for pattern analysis and pattern plassification which, in part, resembles ths
system described here. Sammon shows how transformations to alternative bases
for representation, such as the transformation to principal component vectors,
can provide information about the structure of a pattern. Similar principles
are described here in relation to multivariate analysis and these ideas have
peen developed to show how data structures can be analysed in depth within

an interactive graphical environment.
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Multiple regression has not been included in this system in the first
instance, since the technigues involved would not mean the addition of any
interesting bomputer graphics featurss, Multiple regressioh programs could
be edded and could, in principle, allow users the interactive choice of

varliables and a cholce of 2-d diagrams,
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4,2, The correlation matrix

A pfogram has been included to compute means, standard deviations and
a correlatiéﬁ matrix for a set of variables dsfined by the user at run tims.
These values may be filed for subsequent input toianother program. Ths
results may also be displayed in tabular form with hard copy if requested.

The means, standard deviations and correletion cosfficlents which ers
YRR
for which there are m observations and an mxn matrix with elements xji

which represent the jth observation for the ith variable, then the sample

computed may be defined as follows. Given a set of n varlables x

mean of variable xi is

The sample variance of variable xi is

2 1 (7 -2
s, = = ToIx,, ~ x,)
i m ( =1 Ji i )

and the square root of this guantity glves the standard deviation, Sy for

and x

i

variable Xx;. The sample correlation coefficient between variables x K

may be defined as

m
B Oy 7 oxgd ke k]
rik 3=1
: m34 Sk (4.1)

since the data is reed in from the c.i.f. one observation at a time,
the algorithm given by Herraman (Herraman, 1968) is used to maintain a
current mean, which is updated as each observation i1s read in, in order that

2
an accurate value for sy may be obtained.
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The correlation matrix is displayed a portion or 'page' at a time and
keys may be used to display the next page or the one previously shown. The
means and standard deviations are similarly displayed with keys being used

for other pages if they cannot all be displayed at once.
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4,3, Principal components and factor analysis

Although the models fer principal components and factor analysis are

different, these techniques have been incorporated into one program sincs a

large proportion of the program cods is common to both methods. This program,

known as FACTOR, is described in Section 4.3.4, with reference to Figure 4.1

(page 85) where 1t can be seen that the facilities for principal components

and factor analysis are symbolically represented as two separate routes

through this program.

4.3.1. Principal components

Given the definitions for the sample means and variances of a set of

n variables Xy in Section 4.2, we may further define the standardised form

of X, @s zy where the particular values for each of the j observations are

Zji = (xji - xi)/si

Each zi has zero mean, therefore

1 %1 %O 1 =1, «ereun

s 3

J

and also each z, has unit variance, therefore

2

zJi N 1 i=10 ssaee N
1

™3

1
m

N

The correlation coefficient defined in (4,1) can be rewritten

m
z z z,./m
ik 3=1 Ji T3k
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The object of principal components 1s to express the information con-

tained in the set of n variables z, more economically. This may be done by

i
finding a set of g new uncorrelated variables Vi k=1, veaes q (g €n)

4" Each new Vk

accounts for a decreasing proportion of the varlance and all the variance is

where each v, may be expressed in terms of the n varlables z

accounted for in the q new variables. The situstion where q < n will be rare
and will occur only if the variables are linearly dependent. More usually
g = n and an approximate description of the data may be obtained by
examining only those new variables which account for a given proportion of
the total variance. v

Followlng Kendall (Kendall, 18868) Chapter 2, if the m observations are
considered as m points in the n-dimensional space whose ca-ordinates are
given in terms of the standardised values Zji' we find a line such that the
sum of the sguares of the perpendicular distances from each point to that

1ine is a minimum. The set of equations of a line passing through the

general polnt (X,, «eoas Xn] and the fixed point [p1, cenee pn]‘ with

direction cosines Ci’ i=1,.,n is

n (4.3)

To find a stationary value of mS we take partial derivatives with

respect to each of the pivs, set these to zero, hence the set of n sguations
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m m n
- z (Z “p] + z [ X c (Z -p] =0 i=1. ses N
§=1 Ji i g=1 i 121 i1 731 i
m
Since I z = 0 these equations hold only if
=1 %
Py
— = constant for each 1.
i

Therefore each of the p,'s in the equations (4.3) can be set to zero and

miyn 2 2
m = |z z.°-(% ¢ 2,,)
g=tlg=r 3 gag PN
m n 2
= mn- I (2 ¢y zji] (4.4)
J=1 1=1
m 2
since I z 1 = M.
=1

We find the staticnary values of S, a function in n variables, Cys subject
n

to the condition E ci2 = 1, by introducing a Lagrange multiplier A and
i=1

taking the partial derivatives with respect to each of the ci's. This

gives the n equations

n

z (Z ¢, 2z,, ) +Ac =20 k=1, ++s N (4.5)
A L S R k

-2
m

nm™~m3

J

These can be fewritten

c1[1 - ) + Cy T4 + . . + T = 0

1n
01 r21 + 02(1 - A] + [} '] + [ rzn = O
. N + - =
c, rn’l + Cy T, + Cn(‘l A) 0
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Eliminating the ci's from these equations gives the determinantal equation
[R-xr1f=0

where R'is the correlation matrix with elements Ty = Thq® Thers are, in
general n roots, A1, v An‘ of the resultant polynomial in X, the
characteristic roots or eigenvalues of R.

If g_is real symmetric then there exists an orthogonal matrix € such
that

CRE=D

where D is the diagonal matrix of the characteristic roots of E,and C
contains the characteristic vectors or eigenvectors of R normalised to unity,
The columns of C are the orthogonal components Ek’ k=1, ... N, sBach associated
with a particular xk. and here C 1s known as the components matrix; elements ¢

ik’

The variables v, are given by

Kk

k ik 1 (4.6)

If we multiply through each of the n equations (4.5) by S and sum over k

m n é
T (¢ e, Zji] = Am (4.7)
3=1 1=1

and from (4.4) S=n-2X

Therefore if S is a minimum, X is a maximum and the largest root,

say A1, gives the line with the minimum S. The variance of vy is

and using equation (4.7) this is equal to the largest

[ I e b |

(

il
m 1 4

" 3

)2
p 1 11 %31

eigenvalue X,.
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Principal component scores

To understand and to be able to view the original data in terms of

the new variables, Vis principal component scores must be computed, If v
Ik

is the score for observation J on component k
n
Z Cc z J=1, [ ) m‘ k’1, sss DN

These equations may be rewritten in matrix form
v=2°20 (4.8)
where V 1s the mxn matrix of component scores and Z is the mxn metrix of

standardised data.

4,3.2. Factor analysis

In principal components all the varlance is taken into account in
the evaluatlon of the components matrix, although in the final analysis only
a proportion of this may be examined. In factor analysis it 1s assumed that
the correlations between the n variables z, represent a number of factors,
1ese than n, and that each variable z, is a linear combination of thess
common factors, plus a unigue factor which accounts for the remaining
variance of that variable. The object of factor analysis is to determine
the number of factors, p <n, and the proportion of the variance accounted
for by the unigue factors.

If each of the variables, z,, is to be expressed in this way and if

there are p common factors fk' k=1, +«s» p and a unique factor u, for each

i

variable then

i i=1‘ LI n

or for each observation
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t, u J=1, veem, 1=1, ... n

p
230 = E ek Fa tt Uy

i k=1

(4.9)

The unique factor accounts for variance due to the particular choice of

variables or the speclfic factor 8y plus the error or unreliability

factor ei. Therefore
p
z = E aik fk‘+ bi Si +-di ei i1=1, +ee N

whers the fk’ k=1, «as P, 5y and ey all have unit variance and are all
independent of one another.

For each value of ]

p
zJi = k§1 aik ‘FJK + bi Sji + di eji i=1‘ s n‘ J=1. see M,
The variance of zy is
m 2 m p Y
2 z,,/m= ¢ (I a, f, +b, s, +d, e,)1/m.
jog o1 ker HeOIRT L5517 % Cp

If we evaluate the square and sum over j, the cross-product terms vanish

because of the independence of the f ., k=1, ... p, s, and e, Thus
P m 2 m m
var(z) = 1 e Pz g Bmoen? 5 s Zmea? 1o Um,
=1 j=1 ‘ ) J=1 J=1 J

k

Since fk' si and ei have unit variance
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whers hi2 is known as the communality of variable ;.

The elements aik‘ i=1, «.. n, k=1, ... p form an nxp matrix A which
is known as the factor matrix.

In order to discuss how to determine p, the number of factors, and h12
and hence the elements of the factor matrix,two results are required.

1) If the matrix with elements in J=1, «vom, 1=1, ... n 18 of rank
p and the m points are represented in an n-dimensional space, they will all
lie within a p-dimensional subspace, and the n variables can be described
in terms of p vectors.

2) The rank of the product of a matrix by its transpose 1s equal to
the rank of the matrix.

If the rank of Z is p then the m points lie in a p-dimensional sub-
space and the variables, z;, can be described in terms of p vectoré. also
from the second result the rank of R is p. In the case of the principal
components model the rank of R is usually n, therefore p=n, and n vectors
are required to describe the n variables. For factor analysis p<n vectors
or factors are required to describe the correlations between the n variables.
Therefore a matrix Bﬁ (sometimes called the reduced correlation matrix) of
rank p is required, where Bj is the correlation matrix with the ones in the
diagonal replaced by the communalities.

The number of conditions for a symmetric matrix of order n to be of
rank p is ¥(n-p)(n-p*1). These are independent conditions (Ledermann, 1937).
For the matrix Bj there are n unknowns, hiz, i=1, «vs n. The number of
independent'conditions the h12 must satisfy in order that Ef has rank p 1is

{(n-p)(n-p+1). In general there will thersfore only be solutions for hi2 if

n 2 i(n-p)(n-p+1)

If this inequality holds then for each n there is a minimum value of p for

which the conditions can be satisfied. If this inequality does not hold
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then there must exist relationships amongst the correlations in order that
the number of independent conditions is reduced to the number of unknowns.
If this case p may fall below the minimum value mentioned above,

One method of determining the communalities is to assume the rank of
31 and to compute the communalities using the conditions imposed on the
correlationsin order that the matrix may have the assumed rank. This pro-
cedure becomes impractical when the rank is greater than two. In practice
ong way in which the communalities can be determined is firstly, to assums
that the rank of Eﬂ is p and that therefore there are p factors, then to
insert estimates of the communalities in the diagonal of the correlation
matrix. This matrix is diagonalised and new communality estimates ars
obtained from the first p of ths resultant elgenvectors. These new gstimates
are then placed along the diagonal of the correlation matrix and ths process
ié repeated until each of the communalities has converged to within a
specified criterion. There is no formal proof that thisg process converges
but there 1s evidence from tests that it does convergs (Harman, 1960) {p.86),
By this means we cannot séy that fhe'unique variance has been estimated; it
has only been estimated given the number of factors. The factor matrix A
with elements B4k’ i=1, ... n, k=1, ... p is the first p vectors of the
matrix of eigénvectors resulting from the final dlagonalisation in the
iterative pfocess describéd above. The communalities hi2 for variable z
a 2.
ik

1 is

the sum of squares of the ith row of this matrix, =
k=1

In the program FACTOR, p may be specified by supplying an integer value
‘or by using a criterion known as Kaiser's criterion (Kaiser, 1960); that p is
the number of elgenvectors of the matrix R which have eigenvalues greater
than one.

There are many procedures for choosing initial cohmunality estimates

of which three are included in this program. The first of these 1s to use
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the squared multiple correlation of each variable with the remaining variables.

The squarsd multiple correlation coefficlent for variable 1 is (1 - _%I)
o

where rii is the ith diagonal element of the inverse of R. Alternatively,
the initial communality estimates may be taken from the eigenvectors of R.

If Sk is the welght for the ith varlable on the kth eigenvector, then ths

p
initial communality estimates will be I cik
k=1

been chosen, Lastly, communality estimates may be supplied by the user if

for each 1 whers p has already

there 1ls already some emplrical evidence about communalities for a particular
set of varlables.

Factor scores

If F is the mxp matrix of factor scores, fjk‘-l is a diagonal matrix
with elements ti and g_is the mxn matrix of unique factor scores uji'

equation (4.8) can be written

Z=EA +UT
It is not possible to solve this equation directly for F since a solution
would involve A_1 which does hot exist, moreover U and T are unknown. The

gelements of F therefore have to be estimated and conventional multiple

regression procedures can be used for this. Each factor fk is a linear

function of the n original standardised variables and estimates of Fk' ;k
may be obtained from the equation
"Fk = BK1 21 + BKZ 22 o esees t Bkn Zn k=21, 44, p » (4.10)
The normal equations for evaluating the B coefficilents are
By * Ta2 B v ot Tan B T ey
Ty Br B2 Yoo Ton B = ey
- (4.11)
a1 Bk Tnz Bz et B, ma



is the

where r,, 1s the correlation between variables zi and zJ and a

iJ ik
correlation between variable 2, and factor fk' These 84y are the slements

of the factor matrix A since an alternative description for A 1s that it
gives the correlations between each of the variables and each of the
factors. The equations (4.11) must be solved for Bki i=1, ... n. 1If ﬁk is

the column vector (8, ,\ and a  the column vector a1k\ then 5-§k“ s

8, and

-Ek = R_1 8, or more generally for all k, k=1, ... p the solution is §f1 A.
By substituting in (4.10]) and rewriting this equation in matrix form,

estimates of ¥, may be obtained from the equation

Jk

-zr A (4.12)

[

where E_is the matrix of estimates fjk'

4,3.3. Orthogonal rotations

Principal components analysis involves the deflnition of a new set
of orthogonal axes, where the axes can be ordered in such a way that easch
successlve axis accounts for a decreasing proportion of the variance. These
new axes cah be understood as a new set of variables or components. Once it
has been aecided to examlne only a certain proportion of the total variance
or only say, T, components and to ignore the remainder, the new n-dimensicnal
space may be projected onto the r-dimensional subspace. The information
contained in the last n-r dimensions will be ignored. The r components may
then be rotated in order that they may be more easily interpreted. If sach
of the n original variables is considered as a point in the r-dimensional
space, then finding the required rotated solution may be understood as

rotating these r axes until as many of the points as possible have either
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a high absolute loading or a near zero loading on each axis. The variables
with high loadings on a particular axis or component are associated with
that component and may be examined to see if they are related in terms of
the problem under consideration.

A factor analysis solution may be regarded as a description of the
original variables in terms of p new factors. Thers are an infinite number
of ways of selecting factors for this descriptlon. The problem is to choose
the axes to represent the correlations between the original variables in a
way which has most meaning to the investigator. Each factor can be inter-
preted by examining those variables which have a high absolute loading on
that factor, and the relationships between these varlables. The methods by
which these new axes are chosen involve rotating the initial factor solution
until some criteria have been satisfied. The program FACTOR provides two
methods for orthogonal rotations.

For these rotations the same theory applles to the principal components
solutions and to the factor analysls solutlon. Therefore, in the discussion
which follows, r is set equal to p and the n x p matrix‘ﬂ refers in the case
of principal components to a matrix consisting of the first r(= p) columns
of the components matrix and in the case of factor analysis A is the n x p
factor matrix.

IfBisannxp matrix describing the original variables in terms of
the rotated axes then there is a p x p transformation matrix T such that
B-AL

If the initial principal components or factor solution 1s seen as
points rapresenting the variables 1n a p-dimensional space, then the new
rotated axes should, where possible, lie close to any cluster of these
The criteria for deciding on the elements of the matrix B can be

points.
put more precisely. (Thurstone, 1947) (Chap. 14)
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1. Each row of the matrix B should have at least one zero,

2. Each column of the matrix B should have at least p zeros.

3. For every pair of columns of the matrix B there should bse

several variables whose entrles vanish in one column but not
in the other.

4, For every pair of columns B a large proportion of the variables

should have vanishing entries in both columns where thers are
four or more factors.

5. For every pair of columns of B there should be only a small

number of variables with non-vanishing entries.

One method of rotating the axes, which has been includéd here because
of i%s particular suitability for use with a rsfresh tube, is to project the
variables onto a plane defined by two of the original axes. These axes may
then be rotated on the display by using the switches. When the rotation 1s
satisfactory, this is a subjective judgement, the angle of rotation in the
plane currently displayed will be recorded and the matrix A adjusted accord-
ingly. The matrix ﬂ;will by stages be.transformed to the matrix B. Two
further axes may then be displayed and rotated. If, for example, thers are
originally three factors f1, f2‘ fs and initially fz and fa are rotated and
the new axes in this plane are FZ' and fa'. the next axes to be displayed may
be f, and f,'. This pair will be rotated to £, and f,". The last set of
axes to be rotated will then be f1' and fa’. When this process 1s complste
the matrix stored is the matrix B, the rotated factor matrix.

such methods have been superceded by objective methods for rotating
the axes to satisfy the criteria listed abovs.

The quantity kg1 aik2 is constant for each variable under the trans-
formation A T = B, (;his is constant because T 1s an orthogonal matrix].

Therefore, if the elements of the matrix B are b, for the 1th variable on

ik
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the kth rotated component or factor,

2
b -
g 1K K

n ™Mo
™MD
[1}]

]

o

k

p 212 2
Therefore I b =l h and summing over i
keq 1K 1) °

LU e R |

P 212 n 2\ 2
X bik = I h1 = constant
1 i=1

i k=1

n s] 2 n p n p-1 p
X(Zbik2)=2 Zbik4+22 f 1 p, 24 2
C1=11 k=1 1=1 k=1 121 k=1 1=k+q 31k il

Since the expression on the R.H.S. ig constant, minimising the second term
is equivalent to maximising the first and vice-versa. This relationship
providBS the basis for orthogonal rotations and 1if for instance we maximiseg
the first term this wili ensure that, for each variable, the loadings have
elther as large or as near zero values as possible.

One variation of this is to maximise the variance of the squared
loadings for each factor, or to maximise the scatter of the Squared loadings

along each factor. Thus for each k,VK should be maximised where

2\2 2
1 bik > n k=1, LU ] p

<<

=

u

3J

[rs

LI o b |

—_

——
o

e

7‘.l\]

N
N

S

[y

Mo

p p n 2\2
vV = E VK = f n I bik - .

2
2 2
b n (4.13)
1 k=1  1=1 L )

ne~:>3

The rotation gilven as the result of the maximisation of this function 1is
known as the varimax rotation (Kaiser, 1958) which is included here,

The criterion in (4.13) is known as the raw varimax criterion and
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each term will be weighted according to the square of the communality of the
varlable with which it is associated, In order to reverse this bias each
term is divided by the relevant communality and the following function,: the

normal varimax criterion is maximised

P n 2 2
Va2 |n 1 (bikz/hia -( bikz/hi§ n2 (4,14)
ks1]  1=1 | 121

[ B

Facilities are provided to maximise both (4.13) and (4.14), The method used
i1s to maximise the function for one pair of axes at a time, and to repeat
this procedure for all ip(p-1) pairs, and then evaluate V. This constitutes
one 1teration. Iterations are continued until the difference in V between

iterations 1s less than a specified criterion,

Rotated principal component scores

Equation (4.8) gives'z the matrix of unrotated principal component
scores. If G is the m x p matrix of rotated principal Component scores,
where p is the number of components rotated, then .

E=28

Rotated factor scores

Equation (4.12) gives‘i the matrix of the estimates of the unrotated

factor scores. If é is the m x p matrix of estimated rotated factor scores

then

g-2zR"

jm

4,3.4. The program FACTOR

A schematic representation of how the program FACTOR ig structured
from the user’s point of view is shown 1in Figure 4.1, The 1ists of options
appear on the screen exactly as they are shown, the graphical and tabular

displays are shown schematically, Not all the paths through which control
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ENTRY

MO)

PRINCIPAL COMPONENTS

OPTIONS AVAILABLE AT LEVEL 3

FACTOR O] DEFAULT VALUES IN O J.
PRINCIPAL COMPONENTS
A) OISPLAY EIGENVALUES
OPTIONS AVAILABLE AT LEVEL 2
B) OISPLAY COMPONENT WEIGHTS

DEFAULT VALUES IN O

C) DISPLAY VARIABLES IN EIGENVECTOR SPACE. TYPE
IN 2 EIGENVECTOR NOS. FOR AXES
A) INPUT COMPONENTS MATRIX 0) DISPLAY EIGENVECTORS WITH WEIGHTS AS

AMPLITUDES, TYPE IN EIGENVECTOR NOS. MAX 4
B) INPUT USERS OWN CORRELATION MATRIX -

(CORRELATION MATRIX OUTPUT FROM CORR IS

E) OISPLAY CUMULATIVE SUMS OF SQUARES OF EIGEN-
USED)

VECTOR WEIGHTS

C) SAVE COMPONENTS MATRIX - (MATRIX NOT SAVED) F) VARIMAX ROTATION

D) DISPLAY VARIABLE NAMES FOR SELECTION - (ALL) G) SCORES

X) START H) GRAPHICAL ORTHOGONAL ROTATIONS, TYPE IN
EIGENVECTOR NOS. - (1 S 2)
Y) RETURN TO LEVEL 1

Y) RETURN TO LEVEL 2

2) EXIT
2) EXIT
FACTOR ANALYSIS I PRINCIPAL COMPONENTS
OPTIONS AVAILABLE AT LEVEL 1
u
2) EXIT
FACTOR ANALYSIS
OPTIONS AVAILABLE AT LEVEL 2
DEFAULT VALUES IN QO (4)
A) INPUT FACTOR MATRIX - (CORRELATION MATRIX FACTOR ANALYSIS
-
t FROM CORR USED AS STARTING MATRIX) OPTIONS AVAILABLE AT LEVEL 3
B) INPUT USERS OWN CORRELATION MATRIX -

(CORRELATION MATRIX OUTPUT FROM CORR IS USED) DEFAULT VALUES IN QO

C

<

SAVE FACTOR MATRIX - (MATRIX NOT SAVEO)

0) DISPLAY VARIABLE NAMES FOR SELECTION - (ALL). ( )

o

A) OISPLAY EIGENVALUES
E) TYPE IN NO.OF FACTORS - (ALL) FACTO» ANALYSIS
F) KAISERS CRITERION USED TO DETERMINE NO. OF CONVCRGCNCC OF CGMMINALITICS B) DISPLAY FACTOR WEIGHTS

FACTORS - (ALL) C) OISPLAY VARIABLES IN FACTOR SPACE, TYPE
G) TYPE MINIMUM PERCENT OF VARIANCE TO BE IN 2 FACTOR NOS. FOR fXES

EXPLAINED BY FACTOR STRUCTURE - (TEST

WILL NOT BE PERFORMED) D) OISPLAY FACTORS WITH WEIGHTS AS AMPLITUDES,

TYPE IN FACTOR NOS., MAX. 4
H) COMMUNALITY ESTIMATES TAKEN FROM ORIGINAL
EIGENVECTORS - (SQUARED MULTIPLE CORRELATIONS.
RSQD, ARE USED AS COMMUNALITY ESTIMATES) E) DISPLAY CUMULATIVE SUMS OF SQUARES OF

FACTOR WEIGHTS
1) TYPE IN COMMUNALITY ESTIMATES - (RSQO)

VARIMAX ROTATION

J) MAXIMUM NO. OF ITERATIONS - (50) P
K) CONVERGENCE CRITERION TO DETERMINE WHEN ACYSI L PLOT - 2 CHANCE COW. CRITCPION - 3 CMANCL HA™. G) SCORES

COMMUNALITIES HAVE CONVERGED - (.005) NO- ITCRATICNS - 6 OPTIONS LEVEL 3

H) GRAPHICAL ORTHKONAL ROTATIONS, TYPE IN

L) COMMUNALITIES NOT PERMITTED TO FALL BELOW FACTOR NOS. - (1 42)

RSQO - (NO MINIMUM RESTRICTION)
X) START 1) DISPLAY COMMUNALITIES

Y) RETURN TO LEVEL 1 Y) RETURN TO LEVEL 2

2 EXIT 2 ExIT



B5

A)

B)

C

~

0)
]
V)
)

FACTOR ANALYSIS/PRINCIPAL COMPONENTS

VARIMAX ROTATION
LEVEL 4

DEFAULT VALUES IN Q

NORMALISE FACTOR MATRIX - (MATRIX NOT
NORMAL ISED)

MAXIMUM NO. OF ITERATIONS - (50)

CONVERGENCE CRITERION FOR VARIMAX ROTATION -
(.0000001)

NO. OF FACTORS TO BE ROTATED - (ALL)

START

RETURN TO LEVEL 3

EXIT

™

A

B)

X

<

)

FACTOR ANALYSIS/PRINCIPAL COMPONENTS
SCORES
OPTIONS AVAILABLE AT LEVEL 4

DEFAULT VALUES IN Q

TYPE LIST OF NAFIES OF SCORES TO BE AOOEO TO
DATA FILE, SCORES FOR FIRST EIGENVALUE WILL
HAVE FIRST NAME, SCORES FOR SECOND EIGEN-
VALUE THE 2ND NAME, ETC. - (NO SCORES FILED)
TYPE NO. OF SCORES TO BE PRINTED - (NO SCORES
PRINTED)

AFTER FILING ONLY. 1.E. AFTER X)«

START FILING ANO PRINTING SCORES

RETURN TO LEVEL 3

EXIT

®

PACT!*) ANALYSIS/PMNCIPAL COHPONINTS

scants

SCALE AAAIS
VAAIS

AE»S: 1 PLCT - CfTigNS

Figure 4,1



may pass are shown and an indication of, for instance, how the results of a
varimax rotation may be examined is given in the description which follows.
However, in this description the emphasis is on the different forms of
graphical display and possible user interaction.

The user makes an initlal choice of principal components ar factaor
analysis at‘level 1 and then the relevant list of options eppears. Input
must be a correlation matrix sither from the end of the c.i1.f. or elss from
a devics indicated by the user. For principal components analysis the user
may set the parameters, initiate the analysis and when it is complete display
the results. For factor analysis after the parameters are set and the
analysis initiated, a graph, (3) in Figure 4,1, showing the convergence of
the communalities is displayed. Each interval along the X-axls represents

one iteration or one change in the current value of h 2 (each iteration

i
involves the diagonalisation of the current n x n reduced correlation
matrix). The Y-axis represents the squares of the differences in the com-
munalities between successive iterations summed over all the variables. The
keys will be interrogated after each itsration to enable the user to interrupt
the iterative process in order to change the maximum number of iterations,
the convergence criterion, or to stop the process and display the results.
Once the communalities have converged or the maximum number of iterations
has been reached or the iteratlons have been terminated interactively,
results may be displayed. Both the components matrix and the fsctor matrix
may bé saved for future inspection, for rotatlcons or for the evaluation of
5COTes.

The different forms of output provided are largely the same for both
technigues, although there 1s one which is only relevant for factor analysis,

The description of each item is preceded by a definition of the command

which must be given at level 3 in order to obtaln the particular form of

Qutput .
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A)s

displays the eigenvalues.
For principal components these will be the eigenvalues of R and for

factor analysis the eigenvalues of the final reduced correlation matrix 5?.

Bl)s
displays the first column of either the components matrix or the factor
matrix. Subsequent and previous columns of the matrix can be displayed by
pressing keys.

Cl<integer 1>,<integer 2>;
displays thevoriginai variables as points projected on to the plane defined
by the two eigenvectors <integer 1> and <integgr 2>, <integer 1> and
<integer 2> gives the glgenvector number for the X and Y-axes respectively.
The co-ordinates of the points will represent the weights of the varlables
when the eigenvectors aré normalised to unity, and initially the maximum and
ﬁinimum on both axes will be & 1.0( If all the points lie close to the
origin and cannot be clearly distinguished the scale can be changed by
preséing a keye.

D) <integer 1>.<integer‘2>,<integer 3>,<integer 4>,
displays a maximum of four components or factors with the variabié welights
or loadings shown as amplitudes. Sketches of this are shown in (D), below
(4) and (10), in Figure 4.1, Vertical lines represent the amplitudes, +ve
above therline, -ve below. For each vector the length of the lines depends
on the maxihum absolute valus for all variables for that vector, which means
that each Vector is drawn to a different scale. To enable the user to
jdentify individual variables, & cursor, a feint vertical line, may be
displayed and moved backwards and forwards across the screen by pressing keys.

:Ela

is to display the cumulative sums of squares for each eigenvector. Initially
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a horizontal line appears at the bottom of the screen. The first time key 2
is pressed vertical lines appear, one for each variable, representing the
square of the weight of that variable on the first vector. The sscond time
key 2 1s pressed each vertical line represents the sum of the squares of the
welghts of each variable on the first two vectors. If Cix are the elements
of the components matrix, when the switch has been pressed n times, each of

the lines will be of equal length and will fill the available space and will

n
' 2
represent unity since I ¢, " = 1. If 8, are the elements of the factor
k=1
matrix then when the switch has been pulled p times the vertical lines will
)
represent the communalities since T a 2 = h 2.
k=q 1K i

F); and C]; are discussed below.

H)<integer 1>,<integer 2>;
will display a picture similar to that obtained with the command Cl<integer 1>,
<integer 2>; but the user may now rotate the axes, using the switches, for
an orthogonal rotation. The next pair of axes in a defined sequence of axes
to be rotated, may be displayed by pressing a key,

I);
is relevant only to factor analysis and simply displays the numerical values
of the communalities.,

Fls
is for varimax rotation and since parameters have to be set a further 1list
of options is displayed, (5] in Figures 4.1. Once these have been set and
the rotation initiated, a graph is displayed similar to that used to display
the convergence of the communalities with similar interactive facilities.
The Y-axis represents the difference in the varimax criterion between
iterations. When the rotation is complete the list of options for lgvel 3

is displayed and the commands starting B}, C), D) and G) may be used to
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display the results. This 1s also true for the results of the rotation
obtained with the command H) etc.

_ Gls
is for scores. Whether these will be for principal components or factor
analysis and whether they will be rotated or unrotated scorss depends on the
most recent calculations. The list of options at level 4, (7) ;n Figure 4.1,
{is to allow the user to specify 1f the scores ares to be filed on the c.i.f.,
and to specify axes to display the scores as points in 2-d scattergrams with
any two variables on the c.i.f. as axes. All the points will be displayed
with the same label; a small O. For more complex scattergrams and histograms

the scores must be filed and input to the program DISVAR.
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4,4, Cluster analysis

Given the usual set of n variables, x1, e xn and m obseryations on

gach of thess with values x g the object of cluster analysis 1s to dsfins

J
clusters or groups of these observations where the members of each cluster
closely resemble one another in terms of the data used to describe the
obseryations. In this type of problem, sometimes called unsupervised
classification, there are no preclassified samples and the problem is ons of
deciding how many clusters there should be and which observations belong to
which clusters.

There are many methods or strategles for cluster analysis. Only a few
of these are provided here, the object being not to provide a comprehensive
set of clustering methods, but to demonstrate how a graphical display can be
used to illustrate and compare the results of varlous methods. Four well
known hierarchical methods are included. The form of input required for
these methods, the methods themselves and the single program which implements

them all are described first. Secondly, there is a description of one non-

hierarchical method and the program to implement it,

4,4.1, Hierarchical clustering methods

For hierarchical clustering methods it is necessary to form an m x m

matrix whose elements are measures of similarity, s k* OF dissimilarity

]
coefflcients, djktj,k=1, ves M), Similarity coefficlents will usually have
the value 1 if the individuals J and k are ldentical and 0 if they are com-
plete opposites. Dissimilarity coefficlients are 0 when j and k are identical
and become larger as the differences between J and k increase. Many such
coefficients have been defined and Sokal and Sneath (Sokal and Sneath, 1963)

have made a comprehensive review of these coefficients. Only one is

provided in this system; the distance coefficient
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The matrix of these coefficients is calculated in a separate program,

ntM3

~
x
1
X
—
o
o
-

[s N
"
[N

DISTANCE, which runs in a similar manner to the program for correlation
coefflcients, filing the matrix at the end of the c.i.f. It 1s a simple
matter to provide programs to compute other similarity or dissimilarity
coefficients and to output the matrix in a format acceptable to the
hierarchical clustering program.

The first two of the hierarchical algorithms included here work with
a matrix of dissimilarities or distances, and the second two with a matrix
of similarities. However, initially either type of matrix may be input,

if necessary, the following transformation 1s used

Ay ® [ 201 - 550
This particular transformation i1s chosen because, as Gower has shown (Gower,
1966), if the eigenvalues and eigenvectors of the matrix of similarity
coefficients are calculated and each of the eigénvectors normalised té the
relevant eigenvalue, then each individual can be represented as a point in

.

the m-dimensional eigenvector space and the distance between any two of
these points, say, P, and p, is [2[1 - Sjk)___’i'

"A hierarchic classificatory system may be considered as a nested
sequence of partitions of a set of objects”. (Jardine and Sibson, 1968).
The output from a hierarchic classificatory system is a hierarchical dendro-
gram or tfee diagram where each branch polnt of the tres is associated with
a numerical value. Each branch point represents either the partitioning of
a cluster or the amalgamation of clusters depending on whether the algorithm
used is divisive or agglomerative. Divisivé algorithms start with all m
individuals in one group which is successively subdivided until ultimately
there are m groups each with one individual. Agglomerative ﬁlgbrithms start
with m individuals or groups and proceed by fusing these groups until

ultimately there is only one group.
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The algorithmsfor the four hlerarchical methods included here are all
agglomerative and start with m clusters each of one item. At each cycls
two clusters denoted by CJ and Ck are joined to form a new cluster until
after m-1 cycles there 1is only one cluster. The criterion for deciding
which clusters should be jolned and how the resultant cluster is defined in
relation to the other clusters depends on the strategy belng used.

For the first method, known as nearest neighbour or single-link
clustering, dissimilarity coefficients are used and the two clusters which
have the smallest inter—clﬁster distance are joined. For this method the
inter-cluster distance is the smallest dissimilarity cosefficlent between
items from each cluster. If the two clusters which are Joined have m, and

]

U items respectiyely, then the new cluster willl have hj + M items. Tﬁa
subroutine SLINK (Sibson, 1973) which is both compact‘and fast has been used
to implement this method. |

For the éecoAd method, known as furthest neighbour or complete link,
dissimilarity coefficlents are used and again the two clusters with the
smallest inter-cluster distance are joined. 1In thils case the inter-cluster
distance is the largest dissiﬁilarity coefficiant between 1tems from sach
cluster, aﬁd again the n;w cluster has mJ + mK items., |

The third hierarchical technique is the weighted mean pair method
3escribed by Gower (Gower; 1967) and Scokal and Sneath (Sokal and Sneath,
1963). This is calculated using similariiy coefflcients., At any one cycle
the twb clusters joined will be those which have the highest absolute value
of similarity coefficient. When two clusters CJ and CK are merged a new
cluster Ce is formed such that if the similarity goefficient between Ce and
another cluster CF is Sop then |

= $s_ ,+3s. -1(1-s5. )

Sef £3 £k 1K
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This is 1f the analysis 1s "welghted”, ths nomenclature used is the same as
that of Gower (Gower, 1967) (p. 626-8). The point defining the new cluster
is the midboint of the line joining CJ and Ck' The fourth method is a
variation of this.

If the analysis is "unweighted”

m me m, m
Sef T W 2 o B {m, «+ : )2 (1 -2 k)
and the point defining Ce 1s the centroid of clusters CJ and Ck'

Jardine and Sibson (Jardine and Sibson, 1871) make the criticism that
only the first of thesse technigues can be guaranteed to give a unique result
for a given matrix of dissimilarities. Sibson (Sibson, 1971) has shown that
glements of equal value in the dissimilarity matrix can give different
results for all the methods implemented here except the first, if an arbitrary
choice 1s made between the equal elements. A further major criticism 1s that
all these methods other then the single-link are discontinuous. This means
that a small change in the dissimilarity matrix, which occurs as the result
of the fusion of two clusters, causes large changes in the coefflcients
associated with the new cluster and hence large changes in the resultant
dendrogram. Therefore the effects of rounding errors and experimental
errors can be magnified by these methods. Both these factors also mean that
the results of different hierarchical clustering methods used on the same
similarity or dissimilarity matrix may not be strictly comparable.

with the single-link method once the nucleus of a cluster is formed
it tends to have items added to it one by one, rather than new clusters
forming and large clusters Joining together at a later stage. Jardine and
gibson (Jardine and Sibson, 1968) have developed a non-hierarchic method,
which is a generalisation of the single-link methed, and which overcomes

this problem and allows for overlapping clusters. Implementation of an
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algorithm for this method would have involved a discussion of the general
topic of overlapping clusters, which was considered to be too large to be
within the scope of this thesis.

The diagrammatic output from the hierarchical clustering program
CLUSTER is firstly, a dendrogram. This may be displayed when the algorithm
for a particuler method is complete. It is drawn with the fusions made first
at the top of fhe screen and those made last at the bottom. The numerical
values associated with these fusions increase as one moves down the tree
from the top. The light pen and tracking cross may be used to draw a
horizontal line across the screen, thus defining g groups, where g is the
number of vertical lines tHis horizontal line crosses. Each item then belongs
to a group or cluster and therefore has a cluster label assoclated with it.

A scattergram may then be displayed with each point represented by 1ts cluster
label. The axes for the scattergram may be any pair of variables oﬁ the
c.i.f. including, for instance, the NLM co-ordinates. The cluster labéls

may be filed on the c.i.f., which will meen the addition of one variable to
that file. For each observation this variable will have an integer value k,

where 1 € k € g, indicating to which cluster each individual belongs.

4.4.2. Non-hierarchical clustering

The major drawback with hierarchical clustering methods 1s that once
two clusters have been joined they cannot be separated and a declsion made
early in the analysis may not prove to be a correct one in the latter stages.

The one non-hierarchical method included here is a method which Beale
(Beale, 1969} calls "Fuclidean Cluster Analysis”. This method does not
involve using a métrix of inter-element similarities or dissimilarities but
the original data values in' The object 1s to divide the data set into g
disjoint clusters C1, cee Cg‘ with Mys oee mg items respectively, such that

the sum of squared deviations of all observations from their cluster centres
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is a minimum. If the cluster centres are deflned as thes means of the

clusters and if ik denotes the mean of the ith variasble for cluster k then
i

x o= o= oy
7k M jeCK Jit

and the sum of the squared deviation of each point from its cluster centre

for all g clusters 1s

bX
1 jeCK i

{(x - X
g 3 TRy

w

n
n ™Moq
"~

k

The object of this method is to attempt to find the set of clusters for
which S is a minimum.

The basic idea of minimising S is used by several authors including
MacQueen (MacQueen, 1867) and Ball and Hall in ISODATA (Ball end Hall, 1965).
pifferent procedures are used for choosing initial cluster centres and
MacQueen and Ball and Hall allow the number of clusters, g, to vary according
to some user defined criteria. Clusters can be split as they become too
large and fused together if they are too small.

Beale's algorithm, which is used here, is to start with g higher than
will eventually be required and to find a minimum for the sum of squared
deviations of observations from thelr cluster centres as follows. Initial
cluster centres are provided (a description of the options provided for the
choice of initial cluster centres in the program which implements this
algorithm 1s deferred until the description of the program), and each
observation is allocated to its ﬁearest cluster centre. Each observation is
examined in turn and moved to another cluster if the total sum of squared
deviations is reduced by doing so. If dk is the distance of an cbservation
from the centre of cluster k and d1 its distance from the centre of clysfer 1,

the criterion for moving a point is not simply if
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An observation is reassigned if the squared distance from the centre of
cluster 1 i1s less then the squared distance from the centre of cluster k

even when the clusters are simultanecusly repositioned or 1f

A minimum, although it may only be & local minimum, is achieved'when no
further improvement can be made in the total sum of squared deviations by
moving a single observation.

Two clusters can then be amalgamated by finding the pair of clusters
which when joined.cause the smallest increase in the sums of‘squares. The
centre of this cluster and the other cluster centres can be used as a set of
initial clusters for a further solution with the number of clusters reduced
by one. This process can be repeated until the required number of clustefs
is achileved. |

Beale suggests as a signiflcance test to determine the optimum number
of clusters, a modified F-statistic to determine whether a division into g,
clusters is significantly better than a division into 2 clusters where
g4 < gy If Sg denotes the residual sum of squares when m observations are

1
partitioned into g4 clusters then the statistic

s -5 2/n
8 B /(M B1)(B2) -1

ng m -~ g2 g1

F[g1p g2] =

can be computed and treated as an F statistic with n[g1 - g2) and n{m - g1)
degrees of freedom for all g4 < g, £ Enax" If for a given g4 it is significant

for any g, then the configuration of g4 clusters is not entirely adequate.
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The program EUCLID

The choice of initial cluster centres.

Thrée methods are provided for making a choice of initial cluster
centres. If Brax is the initial number of clusters, firstly the co-ordinates
for the first Brax observations may be used, Secondly, random starting
positions may be used, by requesting the use of a pseudo-random number
generator wifh an option command. Facilities are provided to ensurs
different random starting configurations if these ars required. The third
method involves the interactive use of the graphical display. The data may
be presented as a scattergram using any two variables on the c.i.f. as axes;
the most relevant in this case would be a pair which in some way repressnt
information about all the n dimensions which are to be used for the cluster
analysis, for instance, principal component scores or NLM co-ordinates. The
1ight pen and tracking cross may then be used to define and draw & nax circlés.
by specifying the centre and radius of each circle. The co-ordinates of the
mean of all the points which lie within each circle define the initiasl

cluster centres.

The algorithm for Euclidean Cluster Analysils and representation of results.

The algorithm given in Applied Statistics Algorithms {Sparks, 1873) is
used to attempt to minimise S. First, points are allocated to their nearest
ijnitial cluster centre, the means of these clusters are calculated and these
represent the new cluster centres. Scattergrams may be used to present the
results where each data point is represented by its current cluster label,
These labels will only be changed when the value of g is altered. At this
stage the axes for the scattergram may be changed to present the data in terms
of different variables, and clusters may be viewed individually again in terms
of a scattergram. In this case ths data points are represented by their

record identifiers. The modified F-statistic can also be displayed and
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printed. The values of the total squared deviation for each value of g ars
recorded and these may be presented as a graph with the values of g plotted
against the total squared deviation. Each time a solution is found for

a

given value of g, it is filed, and the user may rapidly redisplay earlie
r

solutions.
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4,5, Discriminant analysis

Given a set of measurements on individuals drawn from k populations,
we may wish to determine, with the minimum possibility of error, to which
of these populations a newly observed individual belongs. A related form
of analysis, canonical analysis, can be used to demonstrate the relative
positions of the population means.

This section starts with a definition of the discriminant scorss by
means of which an individual can be assigned to one of the k populations.
This is followed by a definition of the canonical variates. Finally thers

ig an outline of the program which implements these technigues.

4,5.4., Discriminant scores

If there are k populations and n measurements, x ser Xo» ON each

1.
member of each population, then we require a division of the n-dimensional
space into k mutually exclusive regions which are such that the probability

of wrongly classifying an individual is a minimum.

If the probability density functions for each of the populations are

"o -F

f the k regions which minimise the chances of wrongly classifying

1 k*
an individual are such that f1 - f2, crve, f1 2 fk and similarly for each of

ees T {Rao, 1852).

fzn

kl
If the k populations are multivariate normal wlth the same dispersion

matrix with elements aij then the probability density function for the rth

group is

nonooyy
£ = Cexp - 1 z I oav(x, - u.,) (x, - )
r l:i=1 jo4 17 %1’ Y 7 My

1 .
where the @ J are the elements of the inverse of ths dispersion matrix and

uri is the mean of the ith variable for the rth population. The surface of
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constant likelihood ratlio between populations r and s 1s defined by

n n iJ n n ij ’
z I o v(u - u Ix, -3 I T a~(u u - M _,) = const
1=1 j=1 ri SR 1=1 3=1 ri "rJ si "sJ

(4.15)

If we consider the k functions, or discriminant scores

n n

aij uri]xi -4 T I aij

H u
1 1=1 =1 ri rd

-
"
"3
n ™3

then an observation 1s allotted to that population for which Lr is a maximum,
For if, say L  is the maximum score then from (4.15) fs > ft for t = 1, ..o k,

t + s. If the probabilities of occurrence of the k populations are Tys
k

where I T, = 1, then an individual is assigned to the population for which
r=1

ses T

K

Lr + 10ge “r
igs a maximum.

The scores Lr may be calculated by inserting the sample values;

n
ij - -

I v X X

1 3=1 ri 4rj

"3
~~
Ho™M3
<
X

3

.
A4
s

[

]
[
0~

i=1 3=1 i

where vij are the elements of the inverse of the average within group

dispersion matrix and iri is the sample mean for the ith variable in the rth

group.

4,5.2. Canonical variates

If there are only two groups or if the means all lie on a straight
1ine, then the l1ine through the means can be used to measure the discriminant
function. If the means do not lie on a straight line, the discriminant

function can be measured along the line which is such that the sum of
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squared perpendicular distances from the means to that line is a minimum.

The equation for this line, which may be written E 1 1%+ 1s found by
i=1

maximising the ratio of the between group variance to the within group

variance or solving the equations
(8 - AWI1 =0

where B is the between group dispersion matrix and W the pooled within group

dispersion matrix. A is a root of the determinantal equation
8 - | =0 (4.16)

The vector 1 associated wifh the largest A defines the required line which
is the first canonical variate. A second line, orthogonal to the first,
associated with the second largest root of (4.16) defiﬁes the seéond
canonical variste. The number of canonical variates is equal to the minimum
of n and k-1. Therefore if there are two grdups there will only'be one
variate) the line joining the means.
Mahalénobis' disteance, Dz, between two bopulations r and s as
estimated from the sample is | \
n n
=z Jz1 Vi, - Rgy) Gy = %)
Rao (Rao, 1952) derivés the canonical variates by finding, for the first
variate, the line with respect to which the sum of all ik(k—1) distances
is a maximum, and for the first two varistes the first two mutually orthogonal
lines for which this sum is 8 maximum. The sum of all the eigenvalues which
are solutions to (4.16) is the sum“of ali possible D2. If the means are
represented with, say, the first two of thess variates ag co-ordinate axes,

then the ratio of the sum of the first two elgenvalues to the sum of all
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the eigenvalues is a measure of the adequacy of the picturs in representing

all the distances between the populations.

4,5,3. A program for discrimipant analysils

The program for discriminant analysis allows the user to define k
sample populations or groups of observations from the current input file,
either by supplying lists df record ldentifiers or by defining groups with
logical IF statements. |

Once the groups have been deflned, the weights and constants for
evaluating‘diSCriminént scores are calculated, provided that the inverse of
the within group dispersion matrix exists, ahd fhese may be displayed on
the screen. A contingency table may also be displayed showing how the data
used to evaluate the discriminant functlons was allocated using these same
discriminant functions. Additional sets of n measurements for further
observations may be typed in and will be assigned to groups using the
discriminant scores.

A scattergram may be displayed with the group means referred to any
two canonical variates. rThe coefficients defining each of the variates ars
normalised so that the average within group variance along each variate is
unity. Data points may then be superimposed on ths diagram by pressing a
key; they will be displayed with a group identifier. The scores for each
of the‘data items on the canonical variates may be filed as additional
variables on the c.1.f. If this data is then input to the program DISVAR,
the canonical variates can be displayed individually as histograms (see
Figure.6.22, page 162). The same gréUpS can be defined for thisvprogram as
were defined for the discriminant analysis in order to be able to inspect
the distribution of the groups along each canonical variate. This is
particularly relevant in instances where there are only two groups and

therefore only one canonical variate.
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S THE PROGRAM FACTOR IN PRACTICE

Three sets of data have been used to demonstrate the program FACTOR;

two for principal components and one set for factor analysis

5.1. 24 psychological tests

The first set for principal components is a well known set of data
consisting of 24 psychologlical tests performed on children and collected by
Holzinger and Swineford. A factor anélysis model, which would inclddeverror
factors is, strictly, a more suitable model for the analysis‘o% this data.
However, in spite of this, cleer fesults have been obtained by using this
program for principal components analysis and the results are particularly
useful for illustrating the value of graphical output.

The data was taken from Harman (Harman, 1960) (pp. 124-5) who gives a
defiﬁition of each of the variables and also the intercorrelationsbetween
them. The variables fall intp five psychologically distinct sets; spatial
tests (tests 1 - 4], verbal tests (tests 5 - 9), speed tests (tests 10 - 13),
memory tests‘[tests 14 - 18) and tests of mathematical ability (tests 18 - 24).
These sets of variables emerge clearly in the diagrams displayed. This
clarity is partly helped by the fact that the variables are ordered into the
five sets in the correlation matrix and variables in the same set appear
next to one another.

The eigenvalues from the principal components analysis are given in
Table 5.1. Eigenvectors are displayed graphically with the weights of
variables shown as amplitudes. Amplitude diagrams for the eight eigen-

vectors associated with the eight largest eigenvaiues are shown 1in

Figures 5.1 and 5.2.
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PRINCIPHL COMPONENTS UNROTATED SOLUTION
HHPLITUDES OoF WEIGHTS FOR INDIVIDUAL EIGENVECTORS

NCRMALISED TO EIGENVALUE

VECTOR 1

NI

0. 548

’ ll.‘.l | l

'H ‘ S

0, 477 ——

»l-lr.l L1 ]

VE¢TOR 3 . T
[ | \ L | T T 7T

0.85586 —

. i ,,M. .

v:craﬁ_f T T - L B , l- B T

1 PLOT - 2 DISPLAY/DELETE CURSOR - 3 ADVANCE CURSCOR

KEYSs
4 MOVE CURSOR BACK - S MOVE CURSOR TO START - 8 OPTIONS

Filgure 5.1. 24 psychological tests:
unrotated components 1 - 4
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PRINCIPAL COMPONENTS UNROTATED SOLUTION
- AMPLITUDES OF WEIGHTS FOR INDIVIDUAL E1GENVECTORS

NQRMHQISEP TO EIGENVALUE

0. 604 —

l ' 1 - l ] | L

V;GTOR o] ‘ — T 7 T I I T I T T

0. 4987  —

.VEVCT'C'R? : . T I l T : T l‘l Y

0. 358 —

VECTOR 8 l- T I —_ - I B

KEYSs "1 PLOT - 2 DISPLHY/DELETE_CURSOR = 3 ADVANCE CURSOR
4 MOVE CURSOR BACK - 5 MOVE CURSOR TO START -~ 8 OPTIONS

Figure 5.2. 24 psychological tests:
unrotated components 5 - 8
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Eigenvalues % Cum. % Eigenvalues % Cum. %
1 8.13857 33.8 33.8 .13 0.52891 2.2 84.7
2 2.,09782 8.7 42.8 <~ 14 0.50209 2.1 86.8
3 1.68156 7.0 48.86 15 0.47677 2.0 88.8
4 1.50254 6.3 55.9 16 0.39441 1.6 80.4
5 1.02400 4,3 60.2 17 0.38418 1.6 82.0
6 0.94677 - 3.9 B4.1 , 18 0.33731 1.4 93.4
7 0.90450 3.8 67.8 19 0.33327 1.4 84.8
8 0.81410 3.4 71.3 20 0.31663 1.3 86.1
g 0.79537 3.3 74.8 21 0.29794 1.2 87.3
10 0.70683 2.9 77.5 .22 0.263486 1.1 98.4
11 0.63662 2.7 80.2 23 0.18968 0.8 88.2
12 0.54366 2.3 82.5 24 0.17184 0.7 8g.8
Table 5.1.

Eigenvalues for 24 psychological tests

AY
v

some grouping of variables can be observed within the vectors shown
in these two figures. For vector 3 the first four tests have relatively
large amplitudes but so also do other tests on this vector.‘ Also in vector 4
the first four members of the fourth set of tests have relatively large
amplitudes, but the fifth member of this set has a small amplitude when
compared with other tests in this vector.

Although the varimax rotation was developed primarily for rotating
féctor analytic solutions, it can be used to advantage to rotate principal
components solutions. Thévresults of this rotatign pfesented graphically
{11lustrate how effectively rotation clarifies the partitioning of ths
variables into different sets. This technique is also particularly approp-
riate within the pontext‘of interactive graphics, since the number of com-
ponents OTr axes to be included in the varimax rotation can be variled and the
different solutions quickly and efficiently examined.

If the first %ive éigenvectors are rotated using the normalised
varimax criterion, groups emerge clearly on individual vectors. (See

Figure 5.3 for these rotated vectors, vectors 2, 3 and 4 are repeated 1n
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the lower picture). In vector 1 group 2 (tests § - 9) dominates, in
vector 2 group 3 (tests 10 - 43), in vector 3 group 1 (tests 1 - 4) and in
vector 4 group 4 (tests 14 - 18). Group 5 is not associated with any one
particular vector, but the variables of this set have‘moderately large
amplitudes for several different vectors. Therefore thig particular
rotation associates four sets of variables each with a separate vector,
and these sets are the sets one would expect to find from the definition
of the tests. This is with the exception of the last set which 1s not
assoclated with any particular vector.

If now the first eight vectors are rotated, again using the normalised
varimax criterion, (Figure 5.4 shows the amplitude diagrams(For this rotatien),
the fifth group still does not emerge. Also in this rotation the first group
of tests (tests 1 - 4) is gplit between vectors 3, 7 and 8. As further
vectors are included the groups gradually split up until finally, when 24
vectors are included‘only one test is assoclated with esach vector. It is
therefore of some importance to be able to examine the properties of the
process until an acceptable and meaningful form of resolution has been
obtained. Interactive graphics, with suitably designed and rapidly produced

displays, proved useful for the examination of these properties.
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5.2. Childrens palate study

The second set of data used to demonstrate the use of this program for
principal components is a set of measurements assoclated with a study of
childreﬁs palates which is part of a project related to cleft palate surgery.
The data under consideration refers to normal palates and was used as control
data in the study. A large number of geometric variables defining the
structure of the palate were specified by the originators of the problem,
and Figure 5.5 1s a diagram of a typical normal palate indicating the points
used to identify these variables. Some of the variables are related to others
and some appear to be redundant. Nevertheless, the problem was taken as
defined and a correlation matrix for all 53 variables was constructed, and
this matrix with unities in the dlagonal was diagonalised as the first step
of a principal componénts analysis. The resultant elgenvalues are given in

Table 5.2. Seven elgenvalues greater than unity were obtained, however there

Eigenvalues % Cum. % Eigenvalues % Cum. %
1 24.81480 46.8 46.8 19 0.00708 0.0 100.0
2 9.81423 18.5 65.3 20 0.00509 0.0 100.0
3 7.29815 13.8 79.1 21 0.00322 0.0 100.0
4 -3.44484 8.5 85.6 22 0.00232 - - 0.0 100.0
5 2.12405 4,0 89.6 23  0.00152 0.0 100.0
6 1,63565 3.1 92.7 24 0.00130 0.0 100.0
2 1.15518 2.2 94.9 25 0.00082 0.0  100.0
8 0.98673 1.9 96.8 26 0.00060 0.0 100.0
9  0.65282 1.2 98.0 27  0.00034 0,0  100.0
10 0.40083 0.8 98.8 28 0.00028 0.0 100.0
11 0.33490 0.6 89.4 29 0.00021 0.0 100.0
12 0.12415 0.2 99.6 30  0.00013 0.0 100.0
13 0.07489 0.1 89.7 31 0.00010 0.0 100.0
14 0.04730 0.1 9g9.8 32 0.00008 0.0 100.0
45  0.03068 0.1 g8.8 33 0.00005 0.0  100.0
186 0.02132 0.0 100.0 34 0.00003 0.0 100.0
17  0.00855 0.0  100.0 35  0.00001 0.0  100.0
18 0.00735 0.0 100.0 36-53  0.00000 0.0 100.0
Table 5.2.

Eigenvalues for normal palate data
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Figure 5.5. biagzam of a normal palate
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is a greater difference between the 8th and 9th eigenvalues than between

the 7th and 8th, and the analysis was therefore developed by considering
rotations for both 7 and 8 components using the normalised varimax criterion.
There were not many differences between the results of the 7 and 8 component
rotations, and amplitude diagrams for the first eight vectors resulting from
the 8 component rotation are given in Figures 5.6 and 5.7. (A cursor, which
can be moved interactively with switches, to identify individual variables

is shown in Figure 5.8. The variable currently pointed to is identified 1in
the top right hand corner).

Two sets of measurements were given for each palate, one set with
respect to a base line BC, in Figure 5.5, whose mid-point X 1s 20mm below A
with AX fthé midline plane) perpendicular to BC, and the second sst with
respect to’fhe 1ine HJ. If F(R) and F(L) are, respectively, the right and
1eft “end™ points of the crest of the alveoler ridge, then the line HJ is a
transverse line equidistant from F(R) and F(L) perpendicular to the midline
plane. E(R) and E(L] are points on the crest of the alveolar ridge 15mm
anterior to H and J respectively. Similarly D(R) and D(L) are points 15mm
anterior to B and C respectively.

Thé eight rotated components and their assoclated variables are sach
briefly discussed below. (The cursor in Figure 5.6 is currently pointing to
a variable which has only small amplitudes on vectors 1 - 4].

In all the rotgted solutions, as well as the unrotated solution, the
first component has ﬁany variables with relatively largs ahplifudes, there-
fore it is impossible to come to any concluslons about this component.

For the second component Vg, V10, V23 and V24 have large'amplifudes.
Vg and V10 measure the angles D(R)BX and D(LICX and V23 and V24 are derived

from these. V23 is the mean of V9 and V10 and V24 is the sum of VS8 and V10.
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The variables with relatively large amplitudes for the third component
are all ratios representing asymmetry; V21, V22, V25, V28, V46, V47, V50 and
V51, The first four are meaéured wilth respect to BC and the second four
with respect to HJ. V21 and V46 are the greater half-widths over the lesser
half-widths, V22 and V47 are the right side-widths over the left sids-widths.
Each of these pairs of variables has opposite signs for this component.

For component four, all the variables appear to relate to the overall
size of the palate. .V1 and V2 are the right and left half areas ABXA and
ACXA, V14 is the sum of these two. V30 and V31 are the angles AHJ and AJH,
and for these palates 1f these angles are large the palates will be large.
v43 is the mean of these two angles. V11 is not a variable quantity; it
measuras AX, a fixed length of 20mm for all observations.

For component five, V8, V10, V36, V37 are all angles of alveolar
convergence, right and left, with respect to the two different base lines.
For instance V36 is the angle E(RJHV and V37 1is the angle E(L)JV. V34 and
V35 are right and left side widths at HJ and V47 1s the ratio of thess two.
v22 1s the ratio of the right and left side widths at BC. V30 and V31 are
the angles AHJ and AJH. These variables indicate the relative widths of the
right and left sides of‘the palate. Where there are pairs of variables for
right and left measurements, these have opposite signs.

For component six, the seven variables with the largest amplitudes, V30,
v31, V36, V37, V43, V48 and V43, are all variables which measure angles at
the lower base line HJ, or variables derived from these angles.

Component seven has only one variable with a large amplituds, V53.
This measures the mean vertical distance between F(R) and F(L).

Component eight has three variables with large amplitudes, V21 and V46.
These are agailn both asymmetry ratlos; lesser half width/greater half width

measured at the two different base lines, Therse 1s also V411 which measures

AX (20mm) .
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The last variable, V11, appears in several components for the eight
componeht rotatlion. However when ten components are rotated it appears
only in component 4 and it 1s the only variable of any significance in that
component. The other variaples that were in component 4 and also relate to
overall size appear in cqmponent 9 with V34, V35, V42 and V45 which afe all
related to the measuremgnt of the right and left side widths measured at the
base line HJ. |

In conclusion, fdr the rotation with sight compeonents, some of these
components are clearly assoclated with particular types of measurements.
Specifically, component three with ratios of asymmetry, component four with
overall size and component filve with the relative widths of the right and
left sides of the palate. |

wWithout pursuing the questions raised by these results in relation to
cleft palate surgery, if may be useful to point out that in a statistical .
experiment comparing normal palates used as controls and cleft palates which
have been repaired, the resultg of the surgery may be better described by
one grogp of variables such as those representing angular displacements
rather than other grdups. This comment 1s incidental to thé present dis-
cussion, which seeks simplyrto demonstrate how interactive gréphics can be
used ef?iciently to find groups of variables'from rotated éolutions on the

assumption that these groups will prove to be relevant to the experiment

they describe;
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5,3. An investigation among women at work in the electronics industry

The data used to demonstrate how the program FACTOR functions for
factor analysis is data collected by Hill et al. (Hill, Wild and Ridgeway,
1969). This data was for an investigation into motivation, Job satisfaction
and labour turnover among women working in seven different plants in the
electronics industry. As part of thlis investlgation a questionnaire was
designed with questions'to cover the following areas.

| 1. Wages
2. Supervision
3. Training
4, Induction into the firm
5. Social relations with peers
6. The firm itself
7. Physical working environment
8. The work 1itself

The questionnaire was divided into four parts of which>only the second
and third parts are relevant to this exercise. The third part required each
respondent to indicate overall satisfaction or overall dissatisfaction with
her job. The second part of the questionnalre consisted of a set of 47
questions and the respondents were asked to endorse one of four answers to
gach question, to indicate thelr level of satisfaction with varlous aspects
of their job. These responses were divided into two groups depending on what
the respondent had indicated in section 3, 1.e., whether she was generally
satisfied or dissatisfied. This particular set of data is for 208 satisfied
respondents.

This is a conventional factor analysils study to determine if respondents
answered questions 1in wayé which were meaningful to the psychologists who

designed the questionnaire. It 1s clear, that in carrying out this analysis
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with interactive graphics rather than with a conventional batch program with
no displays, results are more easily assimilated and that the investigator
may obtain a clearer understanding of the data and the results.,

The initial principal compenents solution produced 13 eigenvalues
greater than unity accounting for 62.7% of the total variance, it was
therefore assumed that there were 13 factors. Squared multiple correlation
coefficlents were used as communality estimates. The communalities con-

verged in 9 iterations and are shown in tabular form in Table 5.3 and as

COMMUNALITIES

1 0.58008 13 0.68404 25  0.50955 37  0.60607
2 0.32648 14 0.17084 26 0.61193 38 0.62977
3 0.67048 15  0.66601 27 0.32178 33 0.51701
4 0.60029 16 0.69391 28 0.39739 40 0.56107
5 0.78775 17 0.42211 29 0.61340 41 0,45800
6 0.62421 18 0.70149 30 0.25205 42 0,46089
7 0.45494 19 0,57943 31 0.68185 43 0.44255
8 0.57629 20 0.31541 32 0.70778 44 0.58875
g 0.53341 21 0.59002 33 0.75688 45  0,55537
10 0.55309 22 0,49508 34 0.62464 46 0,67499
11 0.45765 23 0,39795 35  0.61042 47 0.42154
12 0.654089 24 0.49494 36 0.67925

Table 5.3,

Communalities for study on women at work

amplitudés in Figure 5.8. The initial Factor solution was then rotated
using the normalised varimax criterion and amplitude diagrams for the first
twelve of the thirteen factors are shown in Figures 5,9 - 11. For the
majority of thess factors, sets of related questions all have large
amplitudes on the same factor in such a way that each factor can be
associated with one aspect (and in éome cases mdre than one aspect) of the

Job. The factors and their associated questions or variables are as follows:

- 118 -



FACTOR ANALYSIS

TOTRL NO Or FACTORS - 13 NO OF FACTORS ADDED SO

EEIYSI 1 PLOT - 2 ROD FACTORS - 8 OPTIONS

Figure 5.8. Women at work: communalities

119

FRR

13



- FACTAR ANALYSLS  RATATED SOLUTIGN
AMPL.ILTUDES OF WELGHTS FOR INDIVIDUAL FACTORS

0. 707 -

e L]

FACTAR 1

,r,,.,.’f,r"‘rl'frl.rﬁ.-r.l

B d

. 0.786 —

mc;@ ,_,_LLJ...,.ELI,.[ ‘I'F‘t rl'.‘rr r’[| [,.,',”_,,",.[, '”r,

¢
—

0..780 ~—

 FACTAR S u, rwvw"w."-f[',[ll‘5‘_»-...L l-l A'-H[l';l"* Al[tf-[r_

0..704, —

FRSTOR, AT LI T BN i

e

KEYS9s I PLQAQT ~ 2 OISPLAY/DELETE, CURSOR -~ 3 ApVANCE CURSQR
4. MOVE CURSQR BACK - & MAVE CURSOR TQ START = 8 QPTIONS

Figure 5.9. Women af work:.
rotated factors 1 - g4

- 120 -



FHOTOR ANALYSI1S ‘ROTATED SOLUTLON
AMPL.ILTUDES OF WEIGHTS FOR INDIVIDUAL FACTORS

0..766 '-.

racrar sltill ’I’-r trrl e R It e N

0.719 —

Petllreet h.-[l‘l‘f“'”h- b vl e vy rorbel

FACTOR ©

e

FACTOR 7T lLL[ Ll“bl'i Lfl*h['- T+ 171 fTL T LLl “  ;

]
———

0. 692 —

FACTOR 8T T TT v 1~ ¥ LY I‘ll LA R

¢ —

<KEYSr t PLQT - 2 DISPLAY/DELETE CURSOR - 8 AOVANCE, CURSOR
" . 4 MOVE. CURSQR BACK — © MQVE CURSOR TQ START - 8 QPTIONS

Figure 5.10. Women at work :
rotated factors 5 - 8

- 121 -




FACTOR ANALYSILS ROTHTED‘SOLUTION
HnPLLTUDES QF WEIGHTS FOQOR INDIVIDUAL, FACTORS

0,708 — » . T . o C

FACTOR &=T—T7 [ "[l 1»,*1ﬁ LI SR e e jL} “".1

L ad

0.659 —

,FAGTOR?OIT ll"rj L;F_Lfl ‘lL} "*-vtllrywll-u. IL

0, 737 —

-~

rﬁcfoR:1;; 'fJ’Tr - rrr'.rr}'rjlﬂrﬂ}rl-rrrf tLort,r 'fn-r’fll

]
———

0. 482 —

£ b L

Fa@fORia”;l‘r“'lr l;'n t‘ll

l l[l['{lr"li“ - llfl Il] ih"

KEYSy 1 PLOT - 2 DISPLAY/DELETE CURSOR - 3 RDVANGE CURSQOR
' 4 MOVE CURSOR BACK - & MOVE CURSOR TQ START - & OPT1QNS

Flgure 5.11, Women at work:
rotated factors 8 - 12

- 122 -



Factor 1. V2, V11, V13, V16, V25, V33, V35, V37,
Each of these belongs to one of the following closely allied
categories; the respondent's attitude to her work and the
amount of control she feels that she has over the way 1in
which she can do her wark.
Factor 2. v10, V12, v2B, v27, V38, V40, V43.
All these questions are associated with the respondent’'s
relationships with her colleaguss and how she settled down
socially, with tée exception of V40 which is a question about
settling to the work. All except V10 refer to initial period
of employment with the firm, either during trelning or immediately
afterwards, on the shop floor.
Factor 3. Vs, v, V18, V23, V34,
All except V29 are questions about supervision. Question 29
refers to the condition of equibment.
Factor 4. v1, V15, v17, V20, V28, V23, V38, V42,
All except V42 are about working conditlons, although guestion
42 is related to these.
"I 1t possible to choose your own workmates, (i.e. to choosse
the people you want to sit next to)?”
V23 which 1s a question about lighting 1s not amongst those with
large amplitudes for this factor. '
Factor 5. v3, V31.
Both these guestlons are about training.
Factor 6. V4, V18, V24, V36.
All these questlons refer to pay.
Factor 7. V15, V46,
Questions 15 and 46 are concerned with the physical effort

involved in doing the job.
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Factor 8.

Factor S.

Factor 10.

Factor 11.

Factor 12.

Eactor 13.

v2, V35, V44,

Each of theses questions is concerned with a different aspect

of the job; how much control the respondent has over the speed
at which she may work, how much variety there is 1in her work
and her prospects for sarning more in the future.

v7, v8, v1o, V11, vaz.

All these questions, with the exception of V10 ("Will your
workmates help you out 1f you get into difficulties on an "off”
day?"), are about the amount of control the respondent has over
the way in which she may do the job. However, question 2 ("How
much control have you personally over the speed at which you
work?”) is not among this set.

v9, V38,

Both these questions are about working conditions, Question 9
i1s about noise and has the largest amplitude (- .658), Question
39 which refers to the atmosphere in the shop has a relatively
small amplitude (- .371). The first does not appear in factor 4,
which 1s also about working conditions, however the second does.
V21, V32, V34, V41, V45, V47,

All these questions are concerned with the attitude of the firm
and the management to employees, although question 34 is about
the attitude of the supervisors; thils also appears in factor 3.
v18, V20, V22, V27, V30, V40, V42,

This set of questions does not cover any one clearly defined
aspect of the respondents’ attitude to their work.

(The amplitude diagram for this factor 1s not given)

V23.

Lighting. This question,which is about working conditions,
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appears on 1ts own in this factor. It does not appear in
factors 4 or 10 both of which are concerned with working
conditions.
Factor scores could subsequently be obtained and displayed as scattergrams
within this program, they could also be filed for more detailed display

and analysis.
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6. CLUSTER ANALYSIS - A STUDY OF CENSUS DATA

A study of‘some data taken from the 1871 census was intended,
‘primarily to‘involve the use of the Euclidean cluster analysis program,
EUCLID, although as the analysis developed it required.the use of several
of the programs already described. In view of the extensive use of cluster
analysis in this study it was necessary to compars the different sets of
results obtained. Various graphical techniques wers used to help maks
these comparisons and therefore this phapter begins with a description of
the varilous meané, within this system, for compering the results or the

solutions of the available clustering methods.

6.1. The comparison of cluster analysis solutions

If we take a cluster analysis solution to mean the way in which
observations are grouped together as a result of using a cluster analysis
algorithm on either the original data matrix, or a matrix of similarity or
dissimilarity coefficlents, then this section describes how, say two
solutions A and B, may be compared using the facilities availlable within
this interactive graphics system. The two solutlons are assumed to have
the same number of clusters, g, and although they will involve the same sst
of observations, they need not necessarily involve the same set of variables;
for the first solution the set of variables SA is used and for the second
the set SB.

If the two solutions to be compared are the results of hisrarchical
clustering méthods then the resultant dendrograms may be examined. The
following discussion refers to solutions where dendrograms are not avallable,
although it is relevant in instances whers they are. If, as a result of
two analyses, individuals are assigned two cluster labels, two similar
clusters (or clusters with predominantly the sams members), one from each

solution, will not necessarily have the same label.
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The most obvious method of comparison is simply to examins the
record identifiers of the members of each cluster. In practice, com-
parisons are difficult to make in this way unless the solutions are very
nearly the same, since the user has to examine and remember to which
cluster sach individual observation belongs and there is no overall
picture to be studied.

Another method 1s to examine scattergrams and histograms based on
variables used in both solutions. Within these scattergrams and histograms
the individual cluster can be identified, and examples of histograms for
two variables taken from one solutlon are shown in Figure 6,3. These would
have to be compared with histograms for the same variablss taken from another
solution. In making comparisons in this way only the variables which are
common to SA and SB can usefully be examined. Examination of these scatter-
grams and histograms is a lengthy process, and it is difficult to retain
the information contained in so many pilctures.

A third technique, avallable within this system, which may be used to
compars cluster analysis solutions is the grid which can be displayed 1n
place of a scattergram. If, initially, a modified scattergram is displayed
with the axes representing two sets of cluster labels or two solutions, each
point in this'scattergram will have a pair of co-ordinates with integer
values. Any points which belong to the same pair of clusters will appear
superimposed on one another, and it will be impossible to see how many
there ére at any one point of the scattergram and therefors how many
observations belong to the same pair of clusters. A key can be used to
display a grid (Figure 6.7), formed by horizontal and vertical lines drawn
at each tic-mark, in this case at each of the values 1, ... g, along both
axes. Instead of the data points integer values are displayed, indicating

the number of points which appeared in each region of the scattergram, and
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i1f there are no points in a region the relevant section of the grid is
left blank.

If the two solutions are identicael there will be g entries; one in
gach row and one in each column. Any entries in the grid over and above
the g entries give an indication of the number of differences in thes two
solutions. This grid gives no indication of precisely which observations
are in which éluster.

Labels attached to observations as a result of cluster analysis are
arbitrary. If two solutions are similar the labels can be changed inter-
actively, using the grid, and adjusted so that the same labels represent
the ‘*same' clusters.

Scattergrams with NLM co-ordinates proved the most useful for com-
paring cluster analysis solutions in the census data study. These scatter-
grams gilve a more realistic representation than scattergrams for the basic
variables, since they take into account all the variables used in the
cluster analysis.

The non-linear mapping routine and the resultant two dimensicnal co-
ordinates for mapped observations can be used fo compare two cluster analysis
solutions as follows. First two solutions A and B are obtained, using the
sets of variables SA and SB’ and also two sets of cluster labels., The same
set of variables SA' which was used for the cluster analysis for solution A
is input to the NLM routine and a set of co-ordinates CA obtained, and
1ikewise co-ordinates CB for the set of variables S_,. A scattergram is

B

then displayed using the co-ordinates CA with the cluster labels obtained
from the cluster analysis using S,. This 1s compared with a similar
scattergram using the co-ordinates Cy with the cluster labels obtained from

a cluster analysis using SB'
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Two such scattergrams are shown in Figures 6.5 and 6.6, where the
same set of individuals has been used for the clustsr analysis and for the
non~linear mappling, but the variables used for Figure 6.6 form a subsst of
those used for Figure 6.5. The labels for similar clusters will not
necessarily be the same in these two scattergrams, and also it may be
difficult to identify individuals from the relative positions of data points,
since, if SA 1s not equal to SB‘ the two mappings differ. If the two
solutions are similar the cluster for one solution can be relabelled using
the grid technique described above. It is then possible, in principle, to
examine the rslative positions of clusters. The clusters shown in Figure
6.6 have been relabelled using the grid in Figure 6.7 and the relabelling
is shawn in Figure 6.8. A further useful technique is to display the labels
for the cluster analysis solution using SB wlth the NLM co-ordinates CA'
In Figure 6.9 the co-ordinates are those shown in Figure 6.5, but the
labels ars those for the solution given in Figure 6.8.

Which of these techniques is most suitabls for the comparison of
solutions depends on the data involved and the soiutions obtained., It
reguires many, rapidly produced pictures to find the display or displays

which best demonstrate any similarities which exist.
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6.2. A cluster analysis solution

Data from the 1971 census used for this study 1s socio-economic data
for 144 enumeration districts (E.D.) in Newcastle-under-Lyme (National
Population Census, 1971). The initial object of the study was to determine
clusters within the 144 E.D.'s, which could be used as a basls for sampling
for a subsequent survey on recreational activities. For this survey, for
practical reasons, 6 to 12 clusters was considered optimum. The 37
variables chosen to describe the E.D.’'s are listed in Table 6.1.

Initially the hierarchical clustering program, CLUSTER, was used, with
a matrix of distance coefficients for input, and although the results
obtained from this program did not ultimately prove to be of value, two
results are briefly mentioned. For the single-link method chaining occurs,
and therefore, if the number of clusters is chosen to be 8, there 1s one
cluster with 137 members and seven clusters each with one member. The
dendrogram in Figure 6.1 1s the result of furthest neighbour clustering.

The interactive graphics program allows a line to be drawn across thes dendro-
gram, in this case cutting 8 vertical lines thus defining 8 clusters. After

displaying this a scattergram, using for instance NLM co-ordinates, could

lbe displayed with the data points represented by their eight cluster labels.

For the non-hierarchical clustering, using the program EUCLID, five
different solutlons were obtained using different configurations for the
initial cluster centres, each starting with 20 clusters and systematically
reducing the number of clusters down to 3. These solutlons used for the
initial cluéter centres, a set of random co-ordinates, three sets of ussr
defined co-ordinates using three different scattergrams and lastly the first
20 data points. These five runs all gave the same solutions for 9 clusters
and therefore also for chlusters. There was a further fun using random

co-ordinates for the initial cluster centres but starting with 12 clusters

- 130 -



No. Identifier Variable Description

V1 TOTPOP Total population

V2 EAMALES Economically active males/1000 over 15 yrs

V3 EAFEMS Economically active females/1000 over 15 yrs

V4 CHOTO4 Children between 0 - 4 yrs/1000

V5 CH5TO14 Children between 5 - 14 yrs/1000

Ve . STDGT15 Students over 15 yrs living at home/1000

V7 MALEGTE5 Males over B5/1000

Ve FEMSGTE0 Females over 60/1000

Ve GBBORN British born/1000

V10 . HHOLDS Total number of households

V11 TWOCARS Total of houssholds with 2 or more cars

V12 OWNERS Ownef occuplied households/1000

V13 COUNCIL Council tenant households/41000

V14 UNFURN Unfurnished tenancies/1000

V15 ,SHARED | Shared dwellings/1000

V16 "AMSEXC Households with all amenities/1000

V17 NOBATH Households sharing or lacking a bath/1000

V18 NOWC Households with no insidg W.C./1000

V19 GT1PSPPR Households with more than 1.5 persons a room/1000

V20 LTOP5PPR Households with less than 0.5 persons a room/1000

V21 ROOM1TO3 Households with 1-3 rooms/1000

V22 ROOMSP?7 Households with more thén 7 rooms/41000

V23 ONEPHH Single person households/1000

V24 TWOPHH Two person households/1000

v25 NOCAR Households without a car/1000

V26 YR1MIN Married male migrants within local authority area
:during last yr

V27 YRSMIN Married male migrants within local authority area
during last 5 yrs

va2e YR1MDUTV Mérried male higrants into area during last yr

V28 YRSMOUTV Married male migrants into area during last 5 yrs

V30 HIGHSEG Economically active males in SEG 1, 2, 3, 4, 13

V31 LOWSEG Economically active males in SEG 7, 10, 11, 15

V32 OND Total population with OND, School Cert., A level

V33 DEGREE Total population with HND or degree

V34 CTRAVIN Travel to work by car within local area

V35 CTRAVEX Travel to work by car outside locel area

V3B BTRAVIN Travel to work by bus within local area

V37 BTRAVEX Travel to work by bus outside local area

Table 6.1. Variables for census data study
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FURTHEST NEIGHBOUR

Figure 6.1. Census data: dendrogram for
furthest neighbour clustering
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instead of 20. These solutions were all examined interactively and graph-
ically and as an example Figure 6.2 shows a display where the number of
clusters has been plotted against the total squared deviation of all points
from their respective cluster centres. The 1's represent a2 random starting
configuration startinnglta_ZO clgstersvanq~the 2'9”5 random start with 12

i

clusters.

Although ‘the total squared deviation for 8 clusters is’ very marginally

smaller for the solution which started wlth 12 clusters rather than 20

(this is not discernable in Figure 6.2), for the originator of the problem

the solutioh starting with 20 was the most satisfactory. The decision to

use this particular solution was made with the help of various displays

A e
e

including hlstograms of the basic variables whers the clusters for both
solutions Were identifiable. Two of these sets of histograms are given in
Figure B 3, hich shows the histograms for V12 and V13 for the solution

starting with 20 clusters. The individual histograms, sach one representing
a cluster. are displayed in the same order for both varlables. These two
variables are notable in that along these two axes. the clusters do not

*

gverlap to any great extent. For some other variables such as V13 and V20

there was"some‘separation between the clusters and for the remainder there

was none.
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8.3. The nature and orig;n of clusters

The subsequent analysis of this data developed beyond what had been
originally planned, largely as a result of thse facilities provided by the
interactlve graphics system, which enabled propsrties‘of the cluster analysis
solutions to be examined in detail, easily and rapidly. As already
mentioned, analysis by scanning sets of histogrems for each of ths 37
variables shbwed good separation of the clusters on some variables, some
overlapping of clusters on others and complete overlapping on the rest.
These properties were also examined in terms of scattergrams with the data
projected onto planes defined by chosen pairs of variables. It becams
apparent that certain variables dominated the solution in determining the
clusters obtained and that others had no influence at all. This is not an
unexpected result for data of this kind., What is important for present
purposes, 1s the ease with which the situation can be analysed, provided
that the appropriate facilities are provided. The rest of this discussion

on clustering shows how interactive graphics influenced the analysis.

6.3.1. Finding the first set of clusters

Given that there was good separation of the clusters for this
solution for variables 12 and 13,'the next step was to see if it was these
and other aséociated variables which had dominated ths solution. The first
problem was to decide which were the associated variables,

The histograms for several other variables besides V12 and v13 showed
reasonably good separation, but how to make the choice of a subset using
these histograms was not clear. It was decided to try a principal components
analysis as a means of finding groups of related variables, The diagonalisa-
tion of the correlation matrix computed with the complete data set (37
variables and 144 observations) gave eight eigenvalues greater than one

accounting for 75.8% of the total variance, On inspection variables 12
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and 13 were not unambiguously associated with a single vector; they both

had relatively large amplitudes on two vectors. The first eight components
were rotated to try and resolve this ambiguity and to see 1f variables 12
and 13 could be associlated with just one vectof. Amplitude diagrams showing
the result qf rotating the first eight components using the normalised
varimax criterion are shown in Figure 6.4. Here variables 12 and 13 appear
with relatively large amplitudss in rotated component 6, and only in

component 6.
If S denotes the original set of 37 variables, and set I 1s arbitrarily

chosen as the set of 6 variables with the hlghest absolute loadings on

rotated cbmponeﬁt 6 then
set I = {V5, V12, V13, V19, V20, Vv24}
A further arbitrarily chosén subset may be defined;
set IA = {v1,v5,v7,v8,Vv12,V13,Vv13,vV20,Vv21,Vv24,V25,V31,V35,V36},

these are the 14 variables with the highest absolute loadings on the same
vector 6.

At this point and subsequently there were further cluster analyses
using all 144 observations but different sets of variables. 1In order to
simplify the analysis and to make comparisons easier, in each cass a random
starting configuration was used for 20 clusters and only the solution for 8
clusters was examined.

The next step was to compare the two cluster analysis solutlons, the
first using the complete set of variables S and the second using set IA, to
see if they are similar and if in fact it was the subset of variables, set
IA,which largely determined the solution for the total sat S. These two

golutions were compared as follows. Figure 6.5 shows the NLM co-ordinates
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for the total set with labels for the cluster analysis using the total sst.
Figure 6.6 shows a similar picture but for set IA. The cluster labels are
arbitrary, therefore the grid (Figure 6.7} was used to relabel the clusters
for one of these solutions. This was stralghtforward since the clusters
are predominantly the same in both solutions, Figure 6.8 is identilcal to
Figure 6.6 ekéept that the clusters have been relabelled. A comparison of
Figures 6.5 and 6,8 shows that similar clusters appear in the same relative
positions. A Ffurther picture, Figure 6.8, shows the NLM co—ordinatesﬁfor
set S, but Qith the labels for the cluster analysis using set IA. This
again may be compared with Figure 6.5.

Severgl totally different subsets of variables to set IA were used
for cluster analysis solutlons and these were compared with the solution for
set S, to see if there were any similarities and if an alternative set to
set IA would give a similar solution as that for set S. Figure 8.10 shows
the data points with the same co-ordinates as Figure 6.5 and 6.9 but they
have clustef labels for a solution using a different set of variables to
set IA, namely {v2, V3, V4, V23} (= set III). The definition of these
clusters is not at all clear, particularly when compared with the definition
of clusters-in Figure 6.9 which is the equivalent picture for the solution
using set IA.r Other sets of variables gave similarly ill-defined clusters
in terms of these co-ordinates.

:In‘the analysis which followed, extracting set IA from the total set
gave more meaningful results than extracting set I, however the NLM scatter-
gram for set I with labels for a solution using set I, Figure B6.11 (the
clusters have not been relabelled), 1s similar in shape to the equivalent
scattergram for set IA. The data points are more compact and the clusters
more clearly defined, also investigation showed that the solutilon is similar
to those for the total set and set IA. The solution for set IA more closely

resembled the solution for set S than did the solution for set I,
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The rotated principal component scores were computed, filed and
displayed as eight histograms, one for each cluster of the initial cluster
analysis solution. The histograms for the scores on the first and the
sixth rotated components are shown in Figure 6.12, (the sixth component
appears at the top of the page). The individual histograms are in the same
vertical order as they are for variables 12 and 13 in Figure 6.3, The first
and sixth rotated components are those where variebles 12 and 13 have |
amplitudes of any significant size. There is very little overlap for the
clusters along these axes and the clusters which are adjacent to one another
on variables 12 and 13 are also adjacent on these two scores.

These pilctures and the comparisons which have been made suggest that
the initial cluster analysis solution using set S is almost the same as
the solution using set IA, and that the variables which constitute set IA,

or a very similar set, dominate the initial cluster analysis solution.

6.3.2. Identifying further sets of variables

The next step was to discover what happered if set IA was removed and
the analysis repeated with the remaining 23 variables. A cluster analysis
solution was found using this set of variables (namely the set S-IA), and ths
resultant cluster labels are shown in the scattergram in Figure 6.13 whers
the NLM co-ordinates have been calculated using the same set of variables.
This gave a totally‘differant set of clusters to the analyses using set S
and set IA. Inspection of the histograms for the variables in the set
5-IA showed good separation of the clusters on variables V18, V17 and V18,
and these were chosen as the initial members of a second set of variables.
Turning now again to the principal components solution (Figure 6.4), these
variables all have large amplitudes on rotated component 3, therefore set II

was chosen as {V14, V16, V17, V18}. A further set, set IIA, was defined,
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{v14, v15, V16, V17, v18}, that is, all those variables with the largest
amplitudes which have not already been removed ag members of set IA, The
NLM co-ordinates calculated with the five varlables of set IIA and the
assoclated cluster labels are shown in the scattergram in Flgure 8,14.
The interactive relabelling of the clusters was complicated by the fact
that cluster 6 in the solution for set IIA was twice as large as any other
cluster in that solution, and its members were divided between three clusters
in the solution for the set S-IA. However, Figure 6. 15 shows the NLM
co- ordinates for set S IA and the cluster labels for the solution using
set IIA. A comparison of Figures 6.14 and 6.15 shows that the clustsrs
resulting from the cluater analysis for set IIA are mapped onto the same
relative positions by ;ha two non-linear mappings for set IA and for set IIA,
Although it was only the eight clustér solution which was examined in this
and every other case, it may well be that 8 clusters is not the correct
number in all 1nstancea. The analysis’was stopped at 8 clusters on each
oacasion for practical1reasons, sincelthe object of this study 1s not to
determine what 1s the aolution at éach level, but to establish that there
are different solutions and that thesa are dominated by particular subsets
of variables.

Set IIA was now removed, leaving 18 variables, or ths set S-IA- -IIA,
to discover what happened if the process of removing sets of variables was
repeated. A further solution was found which was different from those
obtained with set S ar set S-IA. The labels for the cluster analysis solution
| for set S-IA-IIA are shown in Figure 6.16 with NLM co-ordinates calculated
with this same sat of variables. Histograms for this solution showed ths
clusters reasonably well separated on variable 23; and also on variables 2 and
3. DBecause of the separation on V2 and V3, rotated componant 2, in Figure 6.4,

was chosen rather than rotated component 5 where V2 and V3 have only small

- 152 -



NLMS- 1P]-2a (A8V> CLUS" 1D S-1Pi-2n (18V)

NO or.POINTS - 144

X AXIS V 9£ NLM18V1 T fixlS V 93 NLM18U2

£60 p~93
240 F
I£0
3
3 3
3 3 3
4((
Z0oO 5 0 - 4 3
44 4 3
88 44 4 45 3
180 111 1
6 5 44_1' 1:1 % 7
5 55 AN\
160 S Y, ir 112

120

£ 2
2
-DO 200- 50 1Z)Lo V92

SCALE MULTIPLY X BY E o
MULTIPLY Y BY E O

KEYSi 1 PLOT - 2 GRID © 3 WINDOWING -
7 NEXT vAarRIABLE ON vy axis - 8 OPTIONS

Figure 6.16, Census data: cluster labels set S-IA-1IA,
NLM set S-1A-11A

153



NIl 3 —4v= cLusio 3 <av> V42 REORDERED

NO OF POINTS - 144

X AXIS '/ 94 NLHS3V1
Y OXI8 V 90HLMS3V/E

MULTIPLY Y BY E (o]

1 PLOT — 2 GRID — 3 WINDOWING -
NEXT VARIABLE ON Y PXI-S — 8 OPTIONS

Figure 6.17. Census data: cluster labels set 111
[relabelled), NLM set 111



amplitudes. Therefore set III = {V2, V3, V4, V23} was defined and a
cluster analysils using these compared with the cluster analysis using set
S-IA-1IIA. The cluster labels\For the cluster analysis solution using set
III and the NLM co-ordinates for set III are shown in Figure 6,17. Thess
clusters have been relabelled so that the clusters which are similar in
both solutions have thsksame label. The relabelling was not entirely
stralghtforward because of the cluster with a single member which occurred
only in the solution for set III (cluster 8 in Figure 6.17), However, the
overall shape of the two scattergrams and the relstive positions of the
clusters suggest two similar solutions.

It 1s worth noting at this point that a cluster analysis solution for
the set S-I-II (27 variables) did not produce any histograms or scattergrams
whers there was good separation between the clusters,

The cluster labels and the NLM co-ordinates for the set S-IA-IIA-III
are shown in Figure 6.18. Variables 30, 32 and 33 were chosen using histo-
grams and hence from rotated component 1 in Figure 6.4, set IV = {ve, v11,
v22, V30, V32, V33, V34}. The cluster labels from the cluster analysis using
set IV with the NLM co-ordinates calculated using the same set are shown in
Figure 6.19. These clusters have been relabelled using a grid. Again the
overall shape of the two scattergrams and the relative positions of the
clusters indicate two similar solutions.

A final set, set V = {V10, V23} was found (rotated component 4).

There now only remained five variables; V8, v2g, V27, V28 and V29, From

inspection of the rotated components in Figure 6.4, 1t was expectsd that

the remaining variables might come out in thres sets; {va}, {vzs, v27} and

{v28, v23}. However this did not happen and the next set was {v3, v27, v2g},
This analysls suggests that a given cluster analysis solution is

dominated by a subset of the variables used for that analysis, and that the
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solution is approximately determined by this subset. It also suggests,
that.for a given set of data it would seem necessary to ldentify the
variables which are contributing to a cluster analysis solution, to remove
thése and to find alternative clusterings at lower levels in order to dis-
cover what happens as sets of variables are successively removed. Although
it is impossible to lay down hard and fast rules as to how the analysis
should be done, and indeed partly because it is impossible to lay down rules,
interactive graﬁhics provides the investigator with the means of carrying
the analysis through.

One possible variation in the process described above 1s to carry out
a principal cohponents analysis at each stage, or after each subset of
variables has been removed, using only the variables which remain. This was
done for ths bensus data after the first set, set IA, had been removed and
this gave 7 components which were essentially the same as the 7 components
1-5, 7 and 8 of the original principal components analysis (Figure 6.4).
This suggested that as variables were removed the grouplng of the variables
which were left would not alter and therefore a principal components analysis

at each stage would, in this case, be unnecessary.
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6.4. The program for discriminant analysis in practice

As a final step in ths study of thes census data the results of the
4initial cluster analysis solution were Input to the program for discriminant

analysis.

The cluster labels for the initial cluster analysis solution wers
used to define eight groups for input to the procedures for discriminant
analysis. All 37 variables were used and the eight groups had 22, 8, 12, 28,
17, 28, 18 and 11 members respectively. - The data was standardissed so that,
over all the data, each varisble had zero mean and unit variance. All the
cbservations used to determine the discriminant functlons were correctly
assigned to their original groups and therefore all the off-diagonal
elements of the contingency table were zero.

The means of the groups displayed in terms of the first two canonical
variates are shown in Figure 6,20. The two eigenvalues associated with
these two vectors are 41,6388 and 4.9883 éccounting for 82,93% of the total
dispersion. In Figure 6.21 the data points have been superimposed on the
diagram (as described in section 4.5.3). The populations 6, 2, 7, 3 and 8
are well separated on the first axis, but it requires the second axis to ses
clegarly the separatioﬁ between 1, 4 and 5. The histograms for each of thase
variates are shown in Figure 6.22,

Figure 6.21 may be compared with Figure 6.5 where the same clusters
are shown with the same labels but in terms of non-linear mapping co-
ordinates. It 1is interesting to note that the clusters have the same
relative positions and while some clusters are more compact and clircular in
shape in Figure 6.2, e.g. clusters 6 and 4, others, s.g. 7 and 1 have a
similar shape in both diagrams. It must be recognised that, whersas the

non-linear mapping is a mapping of all the data points onto two dimensions
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Figure 6.20. Census data: means of clusters
(axes - 1st two canonical variates)
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and the NLM scattergram gives a complete picture of this mapping, the
scattergram with two canonlcal varlates as axes, represents (if n > 2 and
k >3] a prdjection onto a 2~dimensional space.

In principle it is possible, and would be of interest to remove sach
of the five sets of variables defined in section 6.3 in turn and to carry
out the procedure described above with the remaeining variabies. The
resultant canonicsal variates could then be compared with the appropriate

NLM scattergrams, however this was not proceeded with.
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7 TO WHAT EXTENT IS THIS SYSTEM EFFECTIVE?

Some criteria for an effective system

The originality of this thesis is not in the statistical analyses nor
in the use of interactive graphics, but in the combination of
these to form an effective system for interactive statistical data
analysis. To be effective such a system has to be capabls of solving a
wide range of problems of varying sophistication, within an acceptable
time; it must also be simple to uss. In order to solve a range of problems
the system must be flexible. If there ars no prescribed rules for an
analytical procedure, it 1s necessary to be abls to adapt the line of
analysis as results are displayed. Numerlcal and graphical output suggest
changes of strategy which can be rapidly implemented in a comprehensive
interactive system. Flexibility must be provided by the availability of a
variety of relevant procedures, by the provision of different forms of
graphical output and a range of possible user interaction with these
displays, 1n addition to the provision of numerical results. The system
should also be capable of expansion, without necessarlly increasing its
complexity, to take account of new ldeas generated by use of the programs.

The requirement that a system is flexible often competes with the
requirement of simplicity; the more flexible and general the system, the
more complex the information which has to be provided té obtain the
required facilities. In designing an interactive system (as in designing
any system) & sultable balance between these requirements must be achieved.
' There are two arsas where simpllicity of use is important; firstly,
the way in which programs function, and the syntax of user-supplied

commands, should be straightforward and consistent. Secondly, the means

of conveying information to the program (pressing keys, switches, using
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the 1ight pen etc.) should make few demands on the user, whose primary
concern should be to solve the problem under investigation rather than

dealing with the idiosyncracies of a convoluted system,

Some ways in which this system is effective

Various sets of data have been used to i1llustrate and highlight
different features of this interactive system. The final set, the census
data, shows in several different respects the degree to whiéh this system
is effective: effective, that is, in bringing together the available forms
of analysis required to obtain a satisfactory and complete solution.

The range of available multivariate procedures with sultabls graphical
output was sufficient‘to gain some insight 1nto the structure of thls data
set. For instance it has been shown how sets of varlables can be identifled,
sets of variables which appear to influence one another and which appear to
have little influence on variables outside that set. Alsoc it was possible
to 1dentify outliers and to find for which sets of variables these
particular observations had extreme values. The distribution of data
along each axis of an n-dimensional space is informative, as are ths
distributions along new derived axes.

It was not possible, nor practical, to decide at the outset exactly
which statistical procedures would be implemented and which forms of
associated graphical output provided. However, as the need for new pro-
cedures became apparent, partly as a result of the early stages of the
census study, the addition of these new procedures and ths provision of
alternative forms of display was reasonably straightforward. The com-
plementary nature of many of the procedures used, in that the output from
one procedure is used as input to another, has meant that the smooth

transference from one procedure to the next and the efficient filing of

results for reinput has been of some importance operationally,
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Many of the results displayed have helped users to gain some
intuitive understanding of the statlistlcal techniques, for exampls, the
orthogonal rotation of components with respect to the variables, and the
nature of discriminant functions and thelr relationship to the group means.

How instructive and eluclidatory are the particular displays
provided? The simple pictures, the histograms and scattergrams, have
proved informative for the study of structures within complex data sets,
provided that these pictures are examined systematically and in relation
to other parts of the analysis. The facllity for displaying related
histograms simultaneously on the screen for comparison 1s particularly

valuable in this context.

Some aspects in which the system may be made more effective

The range of procedures and the nature and use which can be made of
the graphical output provided, are, from the énalytical point of view, the
main advantages of the system. Experiencé in using it has demonstrated
that more emphasis should be placed on ease of use. Certain aspects of
the design/wére constrained by the 4130 graphics system. A different
approach would be made with a more up-to-date computing systém, notably in
the structure of programs and in the use of files. The provision of more
fluent user interaction with the displays is an area for poséible refinement,
More effective use coUld be made of the light pen to indlcate choice of
statisticél procedﬁrs, choice of options, selection of variables and
transformations. Facilitles could be provided to extend and increase the
flexibility of the presentation of histograms. A range of bivariate and

univariate statistics could be provided and graphically identified at a

user request.
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More emphasis might be placed on making intermediate results more
accessible for review. It is important in some analytical procedures to be
able to lock back over pictures just displayed to assess and compare them
with that currently displayed. The improved understanding of what has
caused the particular sequence of pictures, which this facility provides,
means that processes are more likely to run to complstion and to do so
economically.

The system described here has been implemented with a refreshed display.
A similar adequate system could, for most purposes, be implemented using a
cheaper device, given that appropriate forms of graphical interaction ars
avallable. The system does not require high speed refreshed graphics
per ss, nor does 1t necessarlily require the quality of resolution cbtained
with refreshed displays. More than one screen per user, and an efficient
means of recalling and interacting with results previously obtained, would
pe advantageous for comparison of results.

The nature of this system is experimental and for practical reasons
only a limited number of statistical techniques were included. There is
scope for introducing additional statistical techniques and ﬁroviding
alternative respresentations of the results and of the data. However, the
system as 1t stands, and the technigues and representations provided, have
demonstrated how interactive computer graphics can be made a useful tool

for multivariate statistical research.
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APPENDIX 1

Rules of syntax for option commands

Each of the syntactic elements which may aﬁpear in a 1list of items
in an optlon command is defined below. Also defined for use in option
-commands are llsts of identifiesrs, arithmetic expressions, assignment

statements and loglcal expressions.

1. Integgrs. numbers and identifiers

<null string>::= u|<null string>

<digit>::= @|1[2]3]4|s5|s|7]|8]9

<tettorssi= AlslclolelFlollzlalk]LInIN|o]PlolR|s|T]ulviu[x]v]2
<unsigned integer>::= <digit>|<unsigned integer><digit>

<list of unsigned integers>::= <unsigned integer>|<list of unsigned integers>,
<unsigned integer>

<integer>::= <unsigned integer>|-<unsigned integer>
<list of integers>5:= <integer>]<list of integers>,<integer>
<decimal fraction>::= .<unsigned integer>

<unsigned real>::= <unsigned integef>|<decimal fraction>
<unsigned integer><decimal fraction>

<number>::= <unsigned rea1>|~$unsigned real>

Examples: @ .45
- 123 1.45
-45 ~3.72

<jdentifier>::= <letter>[<identifier><lstter>l<identifier><digit>

Only the first 8 characters are significant.

Examples: AGE
AGE1

<geparatar>::= *‘|‘|/|+[-|(|)|:|=l.l;

<1tem>;;=<separator>|<separator><null string>|<identifier><nu11 string>l
<number>| <number><null string>

<list of items>::= <item>|<list of items><item>
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2. Variable identlfiers

<uyser varlable name>»::= <identifier>

<1list of user variable names>::= <user variable name>|
<list of user variable namss>,
<user variable name>

<gystem variable name>::= V<unsigned integer>

Examples: V1
v1g

V2@
<yariable ldentifier>::= <user variable name>|<system variable name>
<sublist of varisble identifiers>::= <variabls identifier>|
<variable identifier>
«TOw<variable identifier>
<list of variable ldentifiers>::= <sublist of variable identifiers>|
<list of variable identifiers>,
<sublist of variable identifiers>

Examples: AGE, ANS1 TO ANS5
V1, V11 TO V15

3. Record identifiers

<record identifier>::= R<unsigned integer>

<sublist of record identifiers>::= <record identifier>|<record identifier>
—TO0w<record identifisr>

<list of record identifiers>::= <sublist of record identifierss|
<list of record identifiers>,
<sublist of record identifiers>

Example: R1 TO R58, R121 TO R15@
4, Arithmetic expressions and assignment statements

<adding operator>:i= +]-

<multiplying operator>::= ‘I/
<function name>::= ABS|AINT|ALOG12|ATAN|COS|EXP|SIN|SQRT

<function reference>::= <function name>(<arithmetic gxpression>)

<primary>::= <unsigned integer>|<variable identifier>|<function referance>
(<arithmetic expression>)
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<factor>s:i= <primary>I<factor>**<primary>
<term>ii= <factor>i<term><multiply1ng operator><factor>

<arithmetic expression>::= <term>|-<term>|<arithmetic expression>
‘ <adding operator><term>

<assignment statement>::= <variable identifier>=<arithmetic expression>
Notes on the evaluation of arithmetic expressions:

1) The following rules of precedence hold

1et  ** exponentiation

2nd  * / multiplication and division

3rd  + - addition and subtraction
2) Operators of equal precedencs are evaluated from left to right.
3) Arithmetic expresslons enclosed in brackets are evaluated first.

4) All calculations are In floating point arithmetic,
5) The function references produce the same results as the (ANSI)
Fortran intrinsic functions and basic external functions of the

same name.

Examples: V1 = AINT(V1)
VS = (V3 + V2)**2
AGEM = AGE1 + 12 * AGE2
R = (A *B)/C

5. Logical expressions

<alphanumeric characters>: := +|—I/|‘|,|.|[|)l54I::l<letter>|<digit>

<alphanumeric string>::= <alphanumeric character>[<a1phanumeric string>
<alphanumeric character>

Only the first 8 alphahumeric characters are significant.

<alphanumeric constant>::= i<alphanumeric string>:

<logical operator>::= AND| OR

<relational operator>::= GT|LT|EQ|LE|GE|NE

<relational operand>::= <arithmetic expression>|<alphanumeric constant>

<relational expression>::= <relational operand>.u<relational operator>ta
<relational operand»
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A relational expression has the valus true or false.

<logical expression>::= <relatlonal expression>|<logica1 expression>w
<logical operator>wi<relational expression>

A logical expression has the value true or falss.

Examples: - V1 EQ :I:
- V3 EQ 2*V1 OR V3 EQ 2*V1
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APPENDIX 2

User's Manual

The User’s Manual 1is reproduced here in its entirety to give
details of how the individual programs may be used. Parts of this
manual necessarily repeat some aspects of the system which have already

been described in the main text of the thesis.
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SYSTEM FOR
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USER'S MANUAL
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GRAPHICAL STATISTICS

1. INTRODUCTION

A set of individual programs written in Fortran, for the ICL 4130 to

erfo
statistical analyses interactively and to present the results on the graphi?al
Display. Both alphanumeric data and disgrams can bs displayed. When using
these programs the user can communicate with the machine by typing commands on
the conscle, by pressing the keys bensath the screen and by using the
to indicate points on the screen, y g light pen

1.1. SUMMARY OF PROGRAMS CURRENTLY AVAILABLE
1.1.1, ADMINISTRATIVE PROGRAMS

RDDATA reads in the data from an initial input file, e.g. cards

This data will consist of & set of readings (referred tg as rec;rS:agrfi;:;rszf'
tions) on a set of variables. Varisbles may be given names, and observations
may be identified by thelr position in the initial input file. RDDATA is run
at the start of sach session.

FILREC 1s for the transformation and selsction of data, it can =lso be used to
add variables to ths date file.

1.1.2, DISPLAY PROGRAM
~biSVAﬁ displays data either as histograms or 2-dimensional scatter reﬁs; ‘baea

for DISVAR may be the original input data, or output derived from gthar programs
~ described below, e.g. factor analysis or principsl components,

P b
vy

" 4.1.3, CORRELATION MATRIX PROGRAM

CORR calculates a correlation matrix which may be input to a programlfor.faétOr
analysis and principal componsnts. : .

1.,1.4. FACTOR ANALYSIS AND PRINCIPAL COMPONENTS PROGRAM

FACTOR is for factor enalysis and principal components and takes as input a
gorrelation matrix. :

~ 1.,1.5, NON-HIERARCHICAL AND HIERARCHICAL CLUSTERING

The non-hierarchical clustering program, EUCLID, attempts to find the best set
of k clusters, such that the sum of squares of deviations of all elements from
their cluster centres is a minlmum. All the displays in this progrem are
2-dimansional scattergrams.

Distance coefficients are calculated for hierarchical clustering by a
DISTANCE. ‘ g by a progrem

The hierarchical clustering program CLUSTER has four hierarchical clustering
methods; nearest neighbour, furthest neighbour, weighted and unweighted mean

pair. The results of these methods can be displayed es dendrograms and
scattergrams,

1.1,6. DISCRIMINANT ANALYSIS

bISCRIH is a program for discriminant analysis,

- 175 -



2, ~ GENERAL INSTRUCTIONS FOR THE USE OF PROGRAMS
2.1, TO LOAD A PROGRAM . ‘

Each proéram is loaded by submitting the following cards.,

8J0B;<ccno>;

&0PTIONS;FIORM,FIORD,DSEG),

8LOAD; <progname>,. CCBEP1;DC;6;FORTRAN;

SRUN;
<data if any>

SEND;) ’ .

Where <progname> 1s one of the following

RDDATA

FILREC

DISVAR

CORR ,, _ o R

FACTOR : R

EUCLID '
. DISTANCE - _ o

CLUSTER S oo

DISCRIM

Any 8ASSIGN cards that may be required should be placed before the &RUN, card.
2,2, LISTS OF OPTIONS o X S,
All programs, except RODATA, display a list of options when first loaded.’ Each

item in the list of options represents a command. Figure 1 i1llustrates tha
first list of options for CLUSTER.

ses : CLUSTER ANALYSIS seee

OPTIONS AVAILABLE AT LEVEL 1. DEFAULT VALUES IN ().
START EACH COMMAND WITH *) WHERE * = AODRB OR C
FOLLOWED BY REQUIRED INFORMATION IF ANY,

TERMINATE COMMAND WITH

A) NEAREST NEIGHBOUR
B) FURTHEST NEIGHBOUR _ o 1
C) UNWEIGHTED MEAN PAIR, CENTROID S -
D) WEIGHTED MEAN PAIR
E) DISPLAY DENDROGRAM

F) DISPLAY SCATTERGRAM , .
7) EXIT

.~ Figure 1

A

" - Four flashing asterisks in the top right and left hand corners of the screen

indicate that the system is waiting for the user to respond, either as in the
example above by typing a command on the conscle, or in other situstions by
‘ysing keys and in some cases the light pen.
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2,3, LEVELS OF OPERATICON

The programs function at different levels; differsnt lists of

for different lsvels of operation. The first list of options zgtt:nzizgiaSi:pi:yed
* always level 1. Transferring from level I to level I+1 can mean that thers ere
different routes through the program, and a cholce of route has been made at

. level I, or that items cen be defined at an earlier level and remein constant =<«
 at later levels and do not have to be frequantly redafingd, or that lsvel I+1

48 the next stags in the analysis. ’

2.4,  COMMANDS, KEYS AND LIGHT PEN
. 2,441, COMMANDS | S : cE
R Cpmmands are glven in the form R L .

<letter>)<list of items>,;

where ‘ ot . : .
<letter> ' is one of ths characters which appear at the start of
) display. The list of items is optional and whether or not it is ::S:n1;2:e§29t::

the nature of the command., Dafinitions of what may sppear in the list of items
are given for each option. ODefeult values are given in brackets at the end of
. each command on the screen. They indicate what values each command will take if
no action is taken, i.e. if the relevant command is not glven. When a list of
options is displayed end a command is to be typed, a digit, which corresponds to-
the level of options currently displayed, is output. Commends must stert:

<letter>

- 1f they do not, the value of I 1s output on a new line on the console typewriter
and the command must be retyped. . The 189

" gnable a command to be restigted. character '’ may be used at any point to
1 a command requires more than one line of the console typewriter, when the ‘eng
of the line is reached, . the user must output a carriage return and line
feed and the command may be continued on & new lines. CR LF may ba used eny time,

2,4.2. KEYS

There are 8 switches or keys at the bottom of the screen, This '
written so that these will operate only when diagrams are displa;Z:fezoza:g::9n
11sts of options are displayed. Oiagrams in this context mey be tebles of
numerical data or line drawings. Instructlons on how to use the keys'a pear
ynder each diagram, o ‘ 3

Key 1 1is used unlversally for taking hard copys; on the line printer f
data and on the digital plotter for line drawings. P or numerical

Key 8 is used universally for redisplaying lists of options,

.2.,4,3, THE LIGHT PEN

t
LY

. The light pen may, in a few circumstances, be used to define points oﬁ the
gscreen., It has been programmed to be used with the tracking cross which can
pe displeyed by pressing a key as indicated when a diagram is on the scrsen.

2.5,  EXIT FROM PROGRAMS - t .

A program can be terminated byvgiving the command

VR l.’ Ioos T o L Y.
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= <unsigned integsr>i:= <d1g1t>|<unsighed integer><digit>

" . <unsigned real>:s= <unsigned integer>|<dscimal fraction>|

- ¢11st of items>ii= <item|<list of items><items

Z),
whensver a 1list of options 1s displayed. Other programs can then be loaded,
2.6, DEFINITIONS OF ITEMS THAT APPEAR IN <1ist of items> IN COMMAND

* Pefinitions that are relavant to ons program are deferrsd ti1l that program is
" described in dstail, - v .

.ii Pefinitions that will be required for most progrems are giVen within this ééétion,.
. fhs aymﬁol *ti1=' means 'can be defined as' and the symbol 'I' means"or'.

i 2.6.1. INTEGERS, NUMBERS AND IDENTIFIERS

; <null string>::=f<null string>Ly ‘[sfring of blank characte;ésl
" <digit>1i= 0]1)2]3]4)5]6]7]8]s ‘ o '
:.;<letter>=t' AlaichlElFlGlHlIIJleLIMINIOIPIOIRlslrlulvlwlx|Y|z

>

<118t of unsigned integers>::= <unsigned integer>|<list of unsigned 1nteger§$.
4 <unsigned integer>
 ; <integer>si= <unsigned 1nteger>|-<unsigned integer>
- <1list of integers>i:s= <integer>|<list of integers><integer>

';dadimél fraction>si= <unsigned integer>

<unsigned integer><decimal fraction>

<number>::= <unsigned real>|-<unsign9d real>
Examples: 0} A
o ~1.230 N T ‘ o
345 “ e - o . Ll
123.
._<1dantifier>::.'<letter>|<ident1fier><1etter>'<1dgnt1fiar;<digit>
.'<Un1y the first eight characters of an idsntifier are significant,
: Examples: AGE ' T

NAME
V10

<separator>si= **[*|/]+]-[([)[:]-[s],

<item>::= <separator>|<separator><null string>|<1dentifier><nuilyatring>l
<number> | <number><null string> N

. 9:6.2. VARIABLE IDENTIFIERS

Varisble identifiers can be given in two forms which are interchangeablet
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1) names supplied by the user; these erse optionel,
2) names automatically supplied by the system,

<yser variable name>i ;= <identifier>

<list of user variable names>:t=» <user variable nama>|<1ist of user variable
: : namas>,<user variable name>

Example: AGE, NAME, INCOME

<gystem variebie name> 1= V<unsigned integer>

The system supplies the unsigned integers sequentially,

RExahplesz ‘V1 ‘ : o ¢

V10
V100

<variable identifier>:i= <user variable name>|<system variable name>

Iﬁ most programs there is an optioh to choose a set of variables for analyeis
and a 1ist of veriable identifiers must be given.

<sublist of varisble identiflers>:t= <variabls identifier>[<variable identifier>
v TOwicvariable identifier>

1

" <list of variable identifiers>::= <sublist of variable 1dentifiers>|
Lo - - . <1list of variable identifiers>,
’ <sublist of variable identifiers>

iﬁxamplez AGE, ANS1 TO ANSS, INCOME or V1, V11 TO V15, v100
When the 18t variable in the set has user variable name AGE,
the 11th varlable in the set has user variable name ANS1,
the 15th veriable in the set has user variable name ANS10,
and the 100th variable in ths set has user variable neame INCOME.

The two lists in this example will be synonymous and the set of
variables defined will be ths 7 variables 1, 11, 12, 13, 14, 15, 100,

2.6.3. DISPLAY OF VARIABLE IDENTIFIERS
In those programs where a set of variables can be chosen for analysis, a command
<latter>) <list of variable identifiers>)
must be given.
when
<letter>)
is typed the variable identifier end their type ('N’' for numeric, 'A' for
alphanumeric) will sppear on the scrsen., A maximum of 20 identifiers are
displayed at once, further identifiers may be displayed by pressing key 2,
As the 1ist of variable identifiers is typed and variables ars included in
the set asterisks will appear besldes the identifiers on the screen. When the 3

terminating the command is typed the list of options for the current level of
operation will be redisplayed.

- 179 -



If the default value is to operete either the command should not be given at all,
or if the identifiers ars displayed as the result of typing

<latter>)
then no 1ist should be given and s must be typed to redisplay the list of options,
2.6.4. RECORD IDENTIFIERS

Records or observations may be identifled by their position in the initial input
file.

. In some programs there 15 en option to supply a list of record identifiers to
indicate that only those records in the list should be used in the analysis,

crecord identifier>:i= R<integer>

<gublist of record identifiara>lx- <rscord 1dentifier>|<record identifier>
. 4410w <record identifier>

'.'<113t of record identifiers>:i= <sublist of record identifiers>|
<list of record identifiers>,
<gsublist of record identifiers>
. Example: R1 TO R20, RS1 TO R70

"The 40 records, 1st - 20th inclusive and the 51st - 70th inclusive, only will be
ysed in the analysis.
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3, RODATA - A PROGRAM TO READ IN THE DATA AND SET UP THE SYSTEM

This program sets up the data file and 1s unlike all other programs in this
system in that nothing appears on the display.

3.1, INPUT FILES

Data may be input from any typs of file, €.g. cards, disc file, etc. and RDDATA
will create a master input file (m.1.f.) on magnetic tape with this data.

. At the stert of a session the m.1.f. is the current input file {c.i.¥.) for a1l
. programs,

If at any time new veriables are added or transformations ars specified a new
file 1s created on another magnetic tape and this becomes the c.i.f,

The m.1.f. 1s preserved as the original data fils for uss in later sessions. -

The new c.1.f. may also be used at a later session, RODATA must be run at the
- start of a session either to creats a m.1.f. or to establish and check a c,i,.f,
" from an earlier session.

The program is loaded using the appropriate dsck of cards and the messaga

e SR CHANNEL NO FOR DATA

AT

is output on the consols.

If a m.i.f, 1s to be created, there must be a magnetic tspe on handler 0 and the

user replies to the message by typing

Y

37(CR){LF)

which assumes that the data is on cards, If the data is on ancther periphsral,
channel 37 should be rsassigned with the eppropriate &ASSIGN card, If an
existing file, & c.i.f., created during en earlier sesgion, 1s available the
reply to the message is

“40(CRI)(LF)

end the relevant magnetic tape should be loaded on handler 0. The program will
then type the message ' ,

© CHANNEL NO FOR COMMANDS U
v aﬁd'£h9‘repiy must be
1 (CR) (LF)
. %o 1hdiba£e‘tﬁat the commands are comiﬁg from the console.
3.2,  FORMAT FOR INITIAL INPUT FILE
The first part of this file contains spécifications and the second part the data,

A spscification is defined as a keyword of a maximum of 8 characters which start
in column 1, and the relevant informetion is in columns § - 8a, ‘

vy

- 181 -



7842410

. 3.2.2,

392-30

3,244,

TITLE CARD. Optional

colss 1 - 5 TITLE _
cols. 9 - 80 Any alphanumeric title

NO. OF VARIABLES CARD, Compulsory

cols. 1 - 4 NVAR

" cols., 9 - 80 <integer>

<integer> is the no. of variables in the initial |
‘input file (max. 512)

NO. OF OBSERVATIONS CARD. Compulsory

cols. 1 - 4 NOBS

cols. 9 - 80 <integer>

<integer> is the no. of observations in the initial
input file, or the number of records to be read; one
record may requirs mors than one card.

FORMAT CARD(S). Optional
Default: If no format card is supplisd a format of (16F5.0) is assumed. -

This means that thers may be any number of cards in the format
(16F5.0) for each record.

4‘.71f a,variabla is read under E or F format 1t has typé "N,
. If a varisble is read under A format it has type 'A’,

cols. 1 - 6 FORMAT

cols. 9 - 80 Format for data in the usual Fortran form starting
‘ ,with { etc. Items in this format statement must be
either real, 1.e. E or F, or alphanumeric, {.e. A.
If more than one card is required for the format
specificaetion any following cards should have blank
in cols. 1 - 8 and the specification may be continusd
starting in column 9,

77 3,2,5. VARIABLE NAMES CARD(S). Opticnal

Default: If no variable names cards are supplied, variables may only

be referred to by their system variable name V1, V2, V3, stc,

cols. 1 - 6 VNAMES

g - 80 <list of user variable names>;
Continuation cards may bs used, with blank in cols.
1 - 8 and the list of user variable names continuing
in col. 8. Names must not be split over two cards.

The first variable on the initial input file will get
the first name in the list and so on; this will include
variables that are read in under A format,

. Aii-s.z.s. MISSING DATA CODES CARD(S). Optional

Default: If no hissing data codes cards are supplied, no missing data
codes will be recorded.
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. The following definitions are raqhired. (m.d.c. means missing data cods)
'<m.d.c.;=:- <pnumber>

<m.d;c. spec>:i= <user variable name>,<number>

<list of m.d.C. SpECS>:i® <m.d.C, spec>|<list of m.d.c. specs>/<m.d.c; spec>
Example: HEIGHT,893/REPLY,S9

The format for the missing data code cards 1s as follows:

cols. 41 -°7 ° MDCODES ' R

cols. 9 - 80 <1ist of m.d.c. specs>j
1 " Continuation cards may be used as for VNAMES card, but
neither names nor codes may be split over two cards,

8.2,7. DATA CARD. "Compulsory

cols. 4 - 4 DATA

. ) PR N . . co st MR .
This card introduces ths data and must be the last card in the
specification section.

The specifications may appear in any order. Note that only three cards are
compulsory, therefore the simplest specification that may be supplied is

NOBS <integer> SO L e X
NVAR <integer>
DATA '

’followed by the data itself.

R

Exit from RDDATA 18 automatic, and an 'A' should appear on the console to
indicate that it has run correctly. If eany errors do occur, error messagss ars
‘output to the line printer indicating which specification cards have caussd the
errors. . . o o .
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4,

4.1.

Inte

A)

FILREC - A PROGRAM FOR TRANSFORMATIONS AND SELECTION OF DATA FOR
INPUT TO OTHER PROGRAMS

OPTIONS LEVEL 1

A) TYPE ASSIGNMENT STATEMENTS FOR TRANSFORMATIONS
B)  TYPE CONDITIONAL ASSIGNMENT STATEMENTS _ : ‘
C) TYPE SELECTIVE IF STATEMENTS TO SELECT OBSERVATIONS FOR NEW FILE

D) TYPE LIST OF RECORD IDENTIFIERS OF RECORD TO BE INC
FILE, MAX 150 . LUDED IN NEW

- E), TYPE LIST OF IDENTIFIERS OF NEW VARIABLES TO BE ADDED TG FILE
F) DISPLAY VARIABLE NAMES FOR SELECTION FOR FILING
X) START FILING AND WHEN FILING IS FINISHED EXIT
fpretation of options level 1
<essignmént statement>;

<assignment statement>::= <variable identifier>s<arithmetic expression>a
‘*,.

The assignment statement may bs for the definition of a new variable, or for

' the redefinition of an existing one, therefore the variable identifier on
* the LHS of the assignment stetement may be an existing identifier or a new

one.
<arithmetic ekpression> is defined as follows: -
<adding operator>:i= +|-

<multiplying opsrator>: i« ‘l/ ‘

<function name>::1= ABS|AINT|ALOG[ALOG10|ATAN|COS|EXP|SIN|SQRT

. <fynction reference>::= <function name>(<arithmetic expression>)

<primary>::= <unsigned integer>l<variable 1dentifier>]<function referenca>]
(<erithmetic expression>) .

<factor>::= <primary>|<factor>**<primary>
<term>!:= <factor>l<term><mu1tip1ying operator><factor>
<arithmetic expression>:i= <t€rm>|-<term>l<arithmetic expression><adding

operator><term»
Floating point arithmetic 1s used for all calculations,

Examples: AIVA = AINT(VA),

AJVS = V3 - V2,
AJAGEM = AGE1 + 12 * AGE2,

Any numbar of these assignment statements or commands starting B) or ()
may be given until the message

NO_ROOM FOR FURTHER COMMANDS A) B) or C)., PROCEED TO FILING

is output on console.
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B)

If an expression is too complex the message

STATEMENT T0OO COMPLEX

is output on console. The current command will be ignored and further
commands may be typed. .

Neither thess assignment statements nor conditional assignment statements
B) or selective statements C) will be executed until command X); is given
when they will be exscuted for every record on the c.i.f.

1F1<logical expression>,<assignment statement>;

<logical expression> is defined as follows:

<alphanumeric character>i:s +|-|/|‘|.|.|(|)|l||<lattar>|<digit>
<alphanumeric string>:i= <alphanumeric character>|<alphanumeric string>

& <alphanumsric character>
(maximum of 8 alphanumeric characters)

. <alphanumeric constant>i:= i<alphanumeric etring>:

<logical operator>::s AND|OR

'j <relational opsrator>i:= GTILTIEQ]LEIGEINE

c)

<relational operand>::; <arithmet16 expression>]<albhanumeric conatant>

 <relstional expression>:s= <relational operand>li<relational operator>t

<reglational operand>
A relational expression has value trus or false.

<logical expression>its <relational expression>]<1ogica1‘axpression>g4
<logical operator>ui<relational expression>

" A logical expression has value true or false. Therefore when command X);

is given, for each record on the c.i.f., 1f the logical expression is true
the assignment statement which follows the comma is exscuted. If the
logical expression is false the assignment statement 1s not executsed.
Examples: B)IF V1 EQ 3, V425,

B)IF V1 EQ 3 OR VA0 EQ :H:,V11=5;

- Error messages are as for A)

IF <loglcal expression>;

when command XJ); is given the logical expression is evaluated for each
record on the c.l.f.

If the logical expression is true the record is included on the new c.i.f.
If it is not true the record is not included.

Examples: CIIF V1 EQ :I:;
C)JIF V3 EQ 4 OR V3 EQ 6

Error messages are as for A)
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D)

<list of record identifier>;

Only those records (mex. 150) specified in tha list may be output to new
c.i.f.

- If commands A} or B} or C} have been given, then these commands will only

3]

operate on rescords whose identiflers asppear in this list.
<}ist of user variable nemes>;

This 1list must contain user varlable names which have not already been
specified. These names ars for new variables which are to be added to
the new c.i.f., and which are in & file or channel 33 (paper tape reader,
unless channel 33 is reassigned),

. Format for file: for each record on channel 33

.

X)s

cols, 1 - 5 - integsr part of record identifier 15
_cols. B - 10 data for 1st variabls in list . 100F10.0
cols, 16 - 20 data for 2nd varisble in list
etc. ' Lo )

<list of varlisble identifiers>:

Default: All variables on c.i.f., all new variables defined by assignment
- statements and all variables defined with command E) will be
- output to new c.il.f.

_ Only those variables spacified in the list will bs dutput to the new c.i.f.

If c.i.f. is on handler 0, new c.i.f. on handler 3,
If c.i.f. i3 on hendler 3, new c.i.f, on handler 4 and vice-versa,

Program is terminated whsn filing is completed. new c.d.f, will be used for

subsequent programs.
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S.

5.1,

bISVAR - A PROGRAM TO DISPLAY THE DATA AS HISTOGRAMS AND
2-DIMENSIONAL SCATTERGRAMS

OPTIONS LEVEL 1

A) DISPLAY VAR NAMES TO SPECIFY THOSE WHICH MAY BE USED FOR AXES - (ALL)
B) TYPE LIST OF RECORD IDENTIFIERS, MAX. 150 - (ALL)
€) DEFINE GROUPS WITH LOGICAL IF STATEMENTS
X TRANSFER TO LEVEL 2
7) EXIT

In this program between level 1 and level 2 dsta 1s transferred from the c.i.f.
. to & workfile on disc for quick access and to enable ressonably fast display of
. diagrams.

" Interpretation of options level 1

8l

=€)

7}

<list of variable identifiers>; Co . ‘ .

Default: - All variables which have type 'N' will be transferred to the
workfile.

Only thoss veriables specified in the 1list of varieble 1dentifiars will be
copied to the workfils,

<list of record 1dent1fiars>,

'Defaulf: All records on the c.i.f, will be transferred to the workfiles when

the program transfers to levsl 2.

n1y thosa records (max. 150] specified in the list of record identifiers
will be transferred to the workfile.

“IF <logical expression>;

‘Default: If no commands of this type ers given, no groups will be.defined.

The logical expression in this command is as defined in 4.1,

Each command of this type defines a group, the first such command defining
group 1, setc.

For each record on the workfils, if the logical expression for group J is
true, then that record bslongs to group J. A maximum of 10 commands of this
type may be given.

pData will be copied from the c.i.f. to a workfile, when this 1s complete
the list of options for level 2 will be displayed.

Exit,
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5.2.

5.2.
A)

B)

c)

OPTIONS LEVEL 2
A) TYPE IN VARIABLE IDENTIFIERS FOR AXES
1 ONLY FOR HISTOGRAM, 2 FOR SCATTERGRAM
B) TYPE IN GROUP NOS OF GROUPS TO BE DISPLAYED - (ALL GROUPS)
C) LARGE CHARACTERS FOR DATA POINTS - (SMALL CHARACTERS)
D). TYPE TITLE FOR DISPLAY, MAX, 40 CHS - (NO TITLE)

E) TYPE LIST OF RECORD IDENTIFIERS TO BE DISPLAYED AND INDIVIDUALLY
IDENTIFIED, MAX. 50 - (ALL)

F) IGNORE ANY GROUP DEFINITIONS, DISPLAY ALL DATA -
(DATA DISPLAYED AS GROUPS IF DEFINED AT LEVEL 1)

X) DISPLAY DIAGRAM
Y) RETURN TO LEVEL 1
Z) EXIT

4. INTERPRETATION OF OPTIONS LEVEL 2 FDR HISTDGRAMS
<variable ldentifier>;

<variable identifier> gives the variable for the histogram,
<list of gnsigned integers>1. A |

Default: If groups have not been defined all tha records on the workfile
will be included in the histogrem. If groups have bsen defined
all the groups will be displayed, each one as a separate histogram,
The group definitions will be evaluated in the order the commands
C) were given at level 1 for each record on the workfile., As
soon as & record 1s found to belong to a group it will be included
in the data for the relavant histogram. .

The <list of unsigned integers> defines which groups ers to be displayed as
histograms. The histograms will be displayed one above the other, up to a
maximum of 10, '

Not relevant for histograms.

D)

Els

any alphanumegric title
Default: No title,

Title, (mex. 40 cheracters) displayed above histogram,

| Not relevant for histograme.

CF)s

Defeult: If group definitions have not been given at level 1 this commend
is irrelevent.
If group definitions have been given at level 1 one histogram will
be displayed for sach group.
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e

F]I Cont.,

Any group definitions given at level 1 will be ignored, and one histogram
will be displayed.

X .A

Display histograms.,

(218

Return to level 1.

oy

Exit.

5.2.2, DISPLAY OF HISTOGRAM

1.

' 2...

3.

4.

5.

6.

7.

-The following ere displayed sbove the histograms,

Title, if any.
Variable identifier.

Groups for which histograms are displayed if any
commands C) wers given at level 1.

No. of records used for all histograms,

No. of intervals for each histogram, initially 10 times the:
number of groups.

Minimum and maximum values of data for all histograms,

If only one histogram is displayed, mean and standard deviation
of the data used for that histogram.

1f there 1s only one histogram,'the heigh£ of the histogram is such'thet a

' normal distribution curve can be superimposed on the picture.,

one filstogram the height 1s determined by the interval with the largsst
number of entries.

Keys 13
2:

Keys'1x
2

pPLOT

NORMAL DIST,

For one histogram, first time key is pressed normal distribution
curve will be displayed superimposed on histogram. Pressing key 2
subsequently will alternately delete and redisplay the curvs.

For more than one histogram, one curve will be'disblayed for each
histogram superimposed on one another.

Initially the height of the curves 1s determined by the height of
the curve (not displayed) which represents all the data. The
histograms are not displayed simultaneously, and the keys function
as follows when the curves are dlsplayed. :
PLOT

RESTORE HISTDGRAM
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Keys 63 CHANGE SCALE
' First time key 6 is pressed, curves will be show
height available on the screen. oWn with the meximum

Pressing key 6 subsequently will alternpatel dis
with their initisl and maximum helghts, y P1ey the curves

8: DPTIODNS
Options level 2,

", "Kays for histogrem continued.

Kays 3: INCREASE NO OF INTERVALS BY 1 .
. : ?oé of ;n?ervals for histograms will be increased bj 1 (mex. 100 o
nte. +L.x2J, ! . ; i . " '
4 . DECREASE NO OF INTERVALS BY 1

No. of intervels for histograms will be decreased by 1,

5: CHANGE MAX & MIN
The message

-

MAX =

"will be output on the console, reply <number> terminated by &
Bpace .

To the messags
MIN =
'reply <number> terminated by a space.
New histograms will be displaysd in which only records with values «
new max. and » new min, for the variabls being displayed have been
, included. : o

73 NEXT VARIABLE .
The next variabls on the workfile will bae displayed as histograms.
All commands given at level 2, except A), will remain effective.,

" If the last variable in the workfile is currently being d
07 the'hext varlable will be the first. d g displeyed

8; OPTIONS
Options level 2,

5,2.3- INTERPRETATION OF OPTIONS LEVEL 2 FCOR SCATTERGRAMS
A ’<variable identifier 1>,<variable identifier 2>;
<varisble 1asntifier 1> will be the X-axis |
<variable identifier 2> will be the Y-axis.
B) <list of unéigned integers>; . ’

Default: If groups have not been defined all the records on the wo
will be displayed, each point eppesring as an 0. rkfile
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B)

()

[\))

If groups have been defined all groups will be displayed; members
of group 1 will sppear as small 1's stc, The group definitions
will be evaluated in ths order the commands C) wers giveh at
level 1 for each record on the workfila, As soon es a record is
found to belong to a group it will be displayed as & member of
that group.

Thevlist of unsigned integers defines the groups to be displayed.

Default: The data points are displayed as small characters,
The data points are displayed es largs characters.

<any alphanumeric title>;

* Title, {max. 40 characters) displayed above scattergram.

£

<list of record identifiers>;”’
DaféUlf?f Data points will be displayed as 0's or digits reprdéenting groups,

Only those records. (max. 50) specified in the list of record identifiers

““ will be displayed. Each record will be displayed as the 1nteger part of

1ta record identifier.

'If B) is used with this commend, B) will be ignored.

F)ti“"‘

- Default: If group definitions have not been given at level 1 this command

X}s

Yl

253

.

... - 1s irrelevant,

L2 . B . .

If'group definitions have been given at leval 1 groups will be
displayed as defined for command B) at level 2.

'Any group’ definitions given at level 1 will be 1gnored. and data points will

ell be displayed as small 0's,

pDisplay scattergram.

Return to lsvel 1.

Exit .

5 2 4, DISPLAY OF SCATTERGRAN

Thg follcwing are displayed above the acattergrem.

4, Title, if any.

2. Na. of points in scattergram
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Keys 11

Ty

.21 '

-1

A"l.7‘ ..

Options

3, Variable identifier for X and Y-exis.

PLOT

GRID

"First time key 18 pressed a grid is displayed -1 *«plabea tﬁa

scattergram, Pressing key 2 subsequently will alternately delate
end redisplay the grid. In each square of the grid the number of
points which appsared within ths square is displayed. :

WINDOWING :
To magnify a specified portion of the scattergram.

Press key 3 (1st): tracking cross displayed,

Move cross with light pen to minimum position on X-axis,

Press key 3 (2nd): record min X.
Move cross with light pen to maximum position on X-axis.

" Press key 3 (3rd): record max X.

Move cross with light pen to minimum position on Y-axis,

Press key 3 (4th): record min Y.

"Move croes with light pen to maximum position on Y-axis,

Press key 3 (5th): record max Y,

Press key 3 (6th): new scattergram of specified portion displayed.

. NEXT VARIABLE ON Y-AXIS

A new scattergram displayed with the next variable on the workfile
after <variable identifier 2> as the Y-axis,

when Y-axis reprssents last variabls on workfils (that is not
<variable identifier 1>}it will restart at the first veriable.

OPTIONS
level 1.

N
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6. CORR - A PROGRAM FOR MEANS, STANDARD DEVIATIONS AND CORRELATIONS
6.1,  OPTIONS LEVEL 1

A) DISPLAY VARIABLE NAMES FOR SELCTION, MAX. 60 - (MIN (ALL, FIRST 60))
B} TYPE LIST OF RECORD IDENTIFIERS, MAX. 150 - (ALL)

C) WEIGHT DATA WITH LAST VARIABLE IN LIST - (NO WEIGHTING)

D) CHECK MISSING DATA CODES - (NO CHECK ON MISSING DATA)

X) START PROCEDURE AND TRANSFER TO LEVEL 2

Z) EXIT

Interpretation of options 1lavel 1
Al <list of variable identifiers>;

' pefault: Either all the varisbles, or the firet 60 which have type 'N’ on
the c.i.f., whichever is the minimum will be used for the analysis,

The variables (max. 60) included 1n the list of variasble identifiers will be
. used.

No. of variables for analysis = NVARC,
B} <list of record identifiers>;
* Defeult: All the records on the c.i,f. will be used.

Only those records (max. 150} included in the 1ist of record idsntifiers
will be used. »

c)y
Default: Data will not be weighted.
Data will be weighted by the last variable in the list of variable identifiers.
For each observatilon each varisble will be multiplied by the specified

veriable. Therefore, for each observation the multiplier is constant, but
1t will vary from observation to observation.

D), ‘ _
Default: Missing date codes will not be checked,
Missing data codes will be checked fory if such values do occur they will

be omitted from the calculations, without omitting all the values for the
observation. , '

Celculations will start and when complete the list of options for level 2
will be displayed. , ‘

3y
Exit. oo
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6.2,  OPTIONS LEVEL 2

A) DISPLAY MEANS AND STANDARD DEVIATIONS
B) DISPLAY CORRELATION MATRIX

C) FILE CORRELATION MATRIX AND MEANS AND ST. DEVS,
D) DISPLAY PAIRED STATISTICS

Y) RETURN TO LEVEL 1

2) EXIT

Interprstation of options level 2

A
To display numerical values of means end standard deviations., A maximum of
20 varisbles are displayed at once, the first 20 being displayed first,
" Keys 13 LP OUTPUT
21 NEXT PAGE
The meens end standard deviations for the next set (or page) of
20 (max) veriables is displayed. If the current page is the last
page the next psgs will be the first.
3: - ' PREVIOUS PAGE
s The means and standard deviationsfor the previocus set {or pege) aof
. 20 verisbles is displayed. If the current page is the first paga,
. the previous pags will be the last. .
8¢ OPTIONS
Options level 2
B)s

To display the numerical values of the correlation matrix, The correlation
matrix is displayed 1n sections or pages of a maximum of 8 columns and 16
lines at a time. The matrix is divided up &s shown in Figure 2,

1

2 5

3 6 8

4 7 9 10
FIGURE 2
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Initially page 1 1s displayed, other pages may be displayed in the order
indicated by pressing keys 2 and 3.

Keys 11 LP OUTPUT

C)

D);

The complete correlation matrix is output on tha line printer. .
Each matrix can only bs output once.

2:  NEXT PAGE

The naxt page as indicated in Figure 2 1s diapleyed. If the
current page is the last, the next page is the first.

3: . PREVIOUS PAGE
- The previous page as indicated in Figure 2 1s diaplayed. I’
the current page is the first, the next pags is the last.

8: OPTIONS
"Options level 2,

To file correlation matrix, means and standard deviatione at the end of
the c.i.f. for input to FACTOR.

To display paired statistics. This 1is only relevant when the missing data
code option has been implemented. For sach pair of variables (X,Y),

(eex,Yl, y=1, X-1), X=2,NVARC), it will give the number of occasions

missing data codes did not occur for that peir, and the relsvant means

and standard deviations. Statistics for a maximum of 20 pairs are displayed
at once, the first 20 peirs in the sequence defined above, belng displayed
first.

Keys 13 LP OUTPUT

Y)s

2)s

2: NEXT PAGE
°  Statistics for the next set of 20 pairs of variables in the

sequence will be displayed. If the current set is the last set,
the next set will be the first.

3: PREVIOUS PAGE
Statistics for the previous set of 20 pairs of variables in the
sequence will be displayed. If the current set is the first set,
the previous set will be the last,

To return to level 1, .

Exit.
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PRINCIPAL COMPONENTS

OPTIONS AVAILABLE AT LEVEL 3

FACTOR M
DEFAULT VALUES IN
PRINCIPAL COMPONENTS
OPTIONS AVAILABLE AT LEVEL 2 A) OISPLAY EIGENVALUES
GEFAULT VALUES IN Q B) DISPLAY COMPONENT WEIGHTS
C) DISPLAY VARIABLES IN EIGENVECTOR SPACE. TYPE
IN 2 EIGENVECTOR NOS. FOR AXES
A) INPUT COMPONENTS MATRIX
0) DISPLAY EIGENVECTORS WITH WEIGHTS AS

B) INPUT USERS OWN CORRELATION MATRIX - AMPLITUDES. TYPE IN EIGENVECTOR NOS. MAX

(CORRELATION MATRIX OUTPUT FROM CORR 1S
USEO] E) OISPLAY CUMULATIVE SUMS OF SQUARES OF EIGEN-
VECTOR WEIGHTS
C) SAVE COMPONENTS MATRIX - [MATRIX NOT SAVED)
F) VARIMAX ROTATION
D) OISPLAY VARIABLE NAMES FOR SELECTION - (ALL)
6) SCORES
X) START
H) GRAPHICAL ORTHOGONAL ROTATIONS. TYPE IN

Y) RETURN TO LEVEL 1 EIGENVECTOR NOS. - (1 » 2)

2) EXIT YJ RETURN TO LEVEL 2
7) EXIT
r*CTOR ANALYSIS S PRINCIPAL COTPONENTs]
OPTIONS AVAILABLE AT LEVEL 1
A) FACTOR ANALYSIS
BI PRINCIPAL COMPONENTS
2) EXIT
FACTOR ANALYSIS
OPTIONS AVAILABLE AT LEVEL 2
DEFAULT VALUES IN Q
¢ o
A) INPUT FACTOR MATRIX - (CORRELATION MATRIX FACTOR ANALYSIS
FROM CORR USED AS STARTING MATRIX)
B) I*>UT USERS OWN CORRELATION MATRIX - OPTIONS AVAILABLE AT LEVEL 3
(CORRELATION MATRIX OUTPUT FROM CORR IS USEO) DEFAULT VALUES IN O
C) SAVE FACTOR MATRIX - (MATRIX NOT SAVEQ)
0) DISPLAY VARIABLE NAMES FOR SELECTION - (ALL) &
E) TYPE IN NO. OF FACTORS - (ALL) — A) OISPLAY EIGENVALUES

F) XAISERS CRITERION USEO TO DETERMINE NO. CF CONVERGENCE OF COWMCITIS B) OISPLAY FACTOR WEIGHTS
FACTORS - (ALL)
G) TYPE MINIMUM PFRCENT cf VARIANCE TO BE C) OISPLAY VARIABLES IN FACTOR SPACE, TYPE
EXPLAINED BY FACTOR STRUCTURE - (TEST IN 2 FACTOR NCS. FOR CES
C

WILL NOT BE PERFORMED)
OISPLAY FACTORS WITH WEIGHTS AS AMPLITUDES.

TYPE IN FACTOR NOS., MAX. 4

~

M) COMMUNAL ITY ESTIMATES TAXEN FROM ORIGINAL
EIGENVECTORS - (SQUARED MULTIPLE CORRELATIONS.
E) DISPLAY CUMULATIVE SUMS OF SQUARES OF

RSCO. ARE USED AS COMMUNALITY ESTIMATES)
FACTOR WEIGHTS

~

1) TYPE IN COMMUNALITY ESTIMATES - (RSO0)
F) VARIMAX ROTATION

J) MAXIMUM NO. OF ITERATIONS - (SO)
X) CONVERGENCE CRITERION TO DETERMINE WHEN XIYSI 1 PLOT - J CHANGE CONV. CRITERION - 3 CHANGE WAX. G) SCORES
COMMUNAL ITIES HAVE CONVERGED - (.005) W. I1IERATICNS - « OPTIONS LIVE". J
H) GRAPHICAL ORTHOGONAL ROTATIONS, TYPE IN

COMMUNALITIES NOT PERMITTED TO FALL BELOW
FACTOR NOS. - (1 » 2)

L
RSQO - (NC MINIMUM RESTRICTION)

<

X) START 1) OISPLAY COMMUNALITIES

Y) RETURN TO LEVEL 1
Y) RETURN TO LEVEL 2

2) EXIT
2) EXIT
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B)

C

~

0)
]
)
2)

FACTOR ANALYSIS/PRINCIPAL COMPONENTS
VARIFIAX ROTATION
LEVEL 4

DEFAULT VALUES IN QO

NORMALISE FACTOR MATRIX - (MATRIX NOT
NORMALISED

MAXIMUM NO. OF ITERATIONS - (50)

CONVERGENCE CRITERION FOR VARIMAX ROTATION -
(.0000001)

NO. OF FACTORS TO BE ROTATED - (ALL)

START

RETURN TO LEVEL 3

EXIT

FACTOR ANALYSIS/PRINCIPAL COMPONENTS
OPTIONS AVAILABLE AT LEVEL 4
OEFAULT VALUES IN O
A) type t of names of scores to be aooeo to

data e, scores for first eigenvalue will
HAVE FIRST NAME, SCORES FOR SECOND EIGEN-
VALUE THE 2ND NAME, ETC. - INO SCORES FILED]

B) TYPE NO. OF SCORES TO BE PRINTEO - (NO SCORES
PRINTED

C) type eigenvalue nos. for axes for dispiay
after filing only, i.e. AFTER X),

X) START FILING AND PRINTING SCORES
Y) RETURN TO LEVEL 3

2) EXIT

PACTO» ASAI V'I'SPD IKCIPAI CCHPCNEHT«
VW IW RCTATIG*
Q0 JVIAGCMX OF VAA2HAM CP' TCAIOM

| U*S: 1»UT ; CAAL ¢
LI B BX I A4 T OPTICTV LFVIL ?

FACIOF ANAITSIS/PMwriP* CE*PO*Ms

SCALE XAXIS
TAMIS

METSi 1 PLCT -  CFTigss

FIG .3



7. FACTOR - A PROGRAM FOR FACTOR ANALYSIS AND PRINCIPAL COMPONENTS
" This program will be described with reference to the flowehart‘shown 1nIF1gQre 3
L4

ind ihe boxes will be referred to as (1), (2), etc. The program opsrates at four
evels )

Level 1:- (1)

Level 2:- (2/3), (9)
‘Level 3:- (4), (10)
Level 4:- (5/6), (7/8)

OPTIONS LEVEL 1 (1)
A]l
Factor analysis
Bl
Principél components
Z)s
Exit,
7%, FACTOR ANALYSIS
7.1.1. INTERPRETATION OF OPTIONS LEVEL 2 FOR FACTOR ANALYSIS (2}
A)j | '
Defeult: A correlation matrix is input for factor analysis.
Igpinp;gu:tm::;:xoza;::dfzzigg :: ::réi:rm::n1W1th €);, 1if the matrix is on
card‘for channsl 106. ) rix 1s in 8 V-flle use PASSIGN
B),

Default: Correlation matrix taken from c.i.f.

To input user's own correlation matrix from channel 37 (thse card reader
“unless channel 37 is reassigned). ‘ )

Format of correlation matrix.
Header card.
Cols. 1 - 5§ No. of variables in matrix (max. 60) 15

.Matrix in lower triangular form, diagonal present.

v1st row -
Cols. 1 - 8 T4 (= 1.0) ' F8.0
2nd row
Cols. 1 - 8 T2 : 2F8.0
Cols. 9 - 1B Ty (= 1,0)

etc,
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)

I1f there are more than 10 variables, ths 11th and eubsequent rows will
require morse than one card. Each row must start on a new card.

' Defaulfx' Factdr matrix not saved,

n.GJ

To save &n unrotated factor matrix, if the matrix is to be on tape, mount
tape on handler B, or if the matrix is to be in a V-file, use BASSIGN card
for channel 106, for a V-file which must havs previously bean aatabliehad.

.<1ist of varisbls identifiers>;

gﬂquults All the variables 1n tha corralation matrix are used fcr factor

‘E)

| Fly

“analyeis, S

Ta display names of varisbles in tha correlation metrix and to specify a ast
of variablas for enalysis. No, of varisbles for analysis = NVARF

<integsr>;
Defeult: All factors are used.

To specify tha numbsr of factors NFACT

Defaultt All factors sre used,

+.. Kaleer's criterion ysed to determine number of factars, 1...‘NFA¢¥ * no,

G)

Hl»

of elgenvectors with eigsnvalues greater than 1,
<numbar>) N
Defaults All factors are used. o . ) %

To epecify thet the factors muet sccount for e given percentage df the
verisnce) <number> is the percentage.

W

Defaulti Squared multiple correletions, RSQD, are used es communality
estimates,

-+ Initial communality estimate, (h )., are taken from eigsnvectors resulting

1)

3

from the diagonalisation of the %oSrelation matrixe (h will be the sum
of the squares of the elements of the first row summed 3v3r NFACT columns,
etcy

<1ist of NFACT numbera>;

Default: RSQD used as communality estimates.

Initiel communality estimates supplied as a list of NFACT numbers,
<integer>; -

pefault: Maximum number of times the factor matrix>ia dlegonalissd end

the communalities checked for convergence is S0,

¢

(73
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<integer> will be the new maximum.

K) <number>;

Default: Convergence criterion for sach communality for two auccesaiva

iterations is .005,

<number> will bs the convergence criterion,

L)

Dofeault: For communalities, Qppsr bound = 1, lowsr bound = 0,

Upper bound = 1, lower bound = RSQD,

_ X)s

To start procedurs.

- ¥)s

To return to level 1,

)y
Exit.
7.1.,2, CONVERGENCE OF COMMUNALITIES (3)
Greph, The current convargance criterion end maximum number of 1terationa are
displayed. .
X-axis: each intarvel represents 1 iteration. | . .
Y-axist & function of the sum of the differences in the communelities
between iterations.
*The Y co-ordinate of the rth point is
ware [, . |2
dr LI 1f1 th1 )r-1 - [h1 Jr NVARF r « 0,1 ..,
- Keys. Keys will be interrogated after each 1taration, thersfcro they mey ba

A pleced in the up position at eny time,

11 PLOT

21 CHANGE CONV CRITERION
To changs convergence criterion,

To the message
CONV =
reply <number> terminstad by a spacs,

New criterion is displayed on the screen,
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3: CHANGE MAX NO. OF ITERATIONS
To change maximum number of iterations.

To the message
NMAX =
reply <integer> tsrminated by a spacs.
" New maximum displayed on screen,
8: OPTIONS LEVEL 3
If this key is presssed befors communalities have converged or
meximum number of iterations is reached, options lsvel 3 (4) is
displayed.
Keys must ell be switched off when the next {teration 15 started,

If the communalities converge within the maximum number of iterations

COMMUNALITIES CONVERGED IN <integer> ITERATIONS

i1s output on console.
If they do not. message T

COMMUNALITIES DID NOT CONVERGE IN <integer> ITERATIONS

is output. -
_ Then key 8 for List of Options level 3.

7.1.3, INTERPRETATION OF OPTIONS LEVEL 3 FUR FACTOR ANALYSIS
(4) with display boxes

AL , . _
JEEE f& display numerical values of final set of eigenvalues and percant;ge!.
'?jffxéyg 1+ LP OUTPUT ‘
8: OPTIGONS
": Options level 3
B)s . 1
To display numerical values of factor weights. The factors normalised to
their elgenvalue are displayed sequentially,
Keys 1: LP OUTPUT

The complete factor matrix is output on the line printer normalised
to the elgenvalues. Each matrix can only be output once.

2¢ .. NEXT VECTOR

Display next factor. If the current factor is thes last
factor is the first, » the next

- 200 -



Keys 3: PREVIOUS VECTOR

c)

Display previous factor. If the current factor is the first, the
previous factor is the last.

4; NORMALISE TO UNITY -
- The current and subsequent factors will be displayed normalised to
unity until key S 1s pressed.

5: NORMALISE TO EIGENVALUE
The current and subsequent factors will be displayed normalised to
the eigenvalues until key 4 is pressed,

8: OPTIONS
Options 1lsvel 3.

<integer 1>,<integer 2>,
To display the‘variables as points in a 2-dimensional scattsrgram with factér

<integer 1> as the X-axis and factor <integer 2> as the Y-axis. Initially
the maximum and minimum values on both axes are 1.0 and -1.0.

Keys 13 PLOT

o)

2t CHANGE SCALE ON BOTH AXES
If the max. and min. sre currently 1.0 and -1.0 the new max. and min,
on both axes will be determined by the maximum absolute value for all
variasbles on both axas,

A max. and min. of 1.0 end ~1.0 can be restored by pressihg key 2
again.

8: OPTIONS
Options level 3,

<integer 1>,<integer 2>,<integer 3>,<integer 4>,

To display a maximum of four factors with the factor weights as amplitudes.

A sketch shown in ths flow chart D) beneath (4), each herizontal line
represents a factor. Vertical lines represent amplitudes, +ve above the line,
-ya below. Size displayed depends on maximum absoclute valus for each factor,
this maximum is displayed on the +ve slds of sach factor.

A cursor ; & feint vertical line, which enables the user to distinguish
i{ndividual variables, can be displayed and moved across the screen by
pressing keys 3, 4 and 5.

Keys 11 pLOT

2t DISPLAY/DELETE CURSOR
The cursor is displayed, if it is not already thers.
If 1t is displayed it is deleted.
Initially it points to the first variabls.
The position in the correlation matrix, the number and name of the
variable the cursor 1s currently pointing to are displaysd in the
top right hand corner of the screen.

3t ADVANCE CURSOR X

The cursor is advanced to the next variable., After the last variable
it will restart at the first.
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Keys 4:  MOVE CURSOR BACK
© The cursor is moved one step back.
After the first variable it will go back to the last.

5: MOVE CURSOR TO START
The cursor is moved to the first variable.

8: OPTIONS 7
Options level 3.

E)y

To display cumulative sums of squares of factor welghts. 1Initially there is
a horizontal line across the bottom of the screen.

Keys 13 PLOT

2: ADD VARIABLES o :
The first time this key is pressed vertical lines asppesar (one for
gach variabls). Each line represents the squars of the weight of
that variable on the first factor. The next time key 2 1s pressed
the square of the weight of each variable on the second factor is
added, and each vertical line then represents the sum of the squares
of weights of each varieble on the first two fectors. When NFACT

 factors have been included the vertical lines represent the

communalities.

" If key 2 is pressed again, the procedure will be restarted.

81 OPTIONS
~ .0 Options lsvel 3.

Fly ‘ o

For Varimax rotation ses 7,1.4-5,

for factor scores ses 7.1.6.
H] <integer 1>,<integer 2>,

Default: If <integer 1> and <integer 2> are not supplied, exes are initially
factor 1 and factor 2,

For interactive graphical orthogonal rotations. Variables are displayed as
points in a 2-dimensional scattergram with factor <integer 1> as the X-axis
and factor <integer 2> as the Y-axls. Axes may be rotated using keys 4, 5.
Current angle of rotation, measured in anti-clockwise direction, is
displayed in top right hand corner.

when rotation is satisfactory, new scattergram may be displayed with a
different palr of axes.

Keys 1: PLOT

23 NEXT PAIR AXES
New scattergrams are displayed with axes changed as follows: factor
for Y-axis 1s increased by one until NFACT is resached, then factor
for X-axls is increased by one and Y-axis is one greater tran X-axis,
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Keys 3: PREVIOUS PAIR AXES
Scattergram is displayed with previous pair of axss in this cycle.,

4 ROTATE ANTICLOCKWISE
Rotate exes anti-clockwise, one degree at a time.

5: ROTATE CLOCKWISE
Rotate axes clockwise, one degrees at & time.

B: REFLECT X
Absolute values of &all factor welghts for factor <integsr 1> are
displayed.
-ve valuss cannot be restored,
7: REFLECT Y
Absolute values of ell factor weights for factor <integer 2> are

displayed.
-ve values cannot be restored.

8: OPTIONS
: Optiona level 3,

I
To displayvnumerical values of communality estimates.
Keys 1 LP output
8:. » Optidnsllevel 3.\
7.1.4., INTERPRETATION OF OPTIONS LEVEL 4 FOR VARIMAX ROTATION OF FACTORS (S)
Type Fl; at level 3, then (5] will be displaysd. . '
A)s
Default: Factor matrik is not normalised for rotation.
Factor matrix is to be normalised.
Bi <intsger>;
Default: A maximum of 50 iterations,
<integer> will be the new maximum.
c]b <number>; | .

Default: Convergence critsrion for Varimax criterion for two successive
iterations is .0000001.

<number> will be the new convergence criterion.
D) <integer>;
Default: NFACT factors will be rotated.

<1ntegef> factors will be rotetad.
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X)s L

To start rotation.

Y}

. To return to level 2,

Z)s
Exit. ) )
7.1.5, CGNVERGENCE OF VARIMAX CRITERION (6)
Graph. The current canvergence criterion and maximum number of iterations are
displayed.
X-axis: each intﬁfval reprgsants 1 iteration.,
Y-gxis:} the difference between the varimax. criterion between iterations,
COIf V, = initial Varimax criterion
and V, = Varimex criterion after ith iteration,
then Y co-ordinate of ith point = v,V
KeySs. Keys will be interrogated after each iteration, thersfors they may bs

placed in the up position et any tims.
1: PLOT . "

23 CHANGE CONV CRITERION
" To the message

CONV =
. reply <number> terminated by a space.
New criterion is displayed on the acreen.

3:  CHANGE MAX NO OF ITERATIONS
To the messags

NMAX =
~ reply <integer> terminated by a space;
New maximum 1s displayed on the screen.,
8s OPTIONS
If this key is pressed before Varimax criterion has converged or
maximum number of iteratlons is reached, options lsvel 3, (4), is
displayed.

Keys must ell»be switched off when the next iteration is started.
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If the Varimax criterion converges within the maximum number of iteretions

VARIMAX CRITERION CONVERGED IN <integer> ITERATIONS

is output on console.
If it does not, the message

VARIMAX CRITERION DID NOT CONVERGE IN <integer> ITERATIONS

is output.

Then key B8 for list of options level 3, f4]. See 7.1.3, 81l of which will
now refer to the rotated factor matrix.

7.1.6, INTERPRETATION OF OPTIONS LEVEL 4 FOR FACTOR SCORES {7)

Type G); at level 3, then (7) will be displayec.

o Scores'era'wriften to new c.1l.f. (optionall, 1line printer (optional) and a disc

file for quick sccess for display., Therefore command C) for display must only
be uvsed after X}; when all filing and printing is finished.

A) <list of user variable names>;
Default: No scores will be filed on new c.i.f.
" New c.i.f. to be created with scores as additional veriables. List

contains new user varlable names for scores that are to be filed. If
there ars NSCORE names in the list, the first NSCORE scores will be

filed.

If any observations on the c.i.f. were not included in the correlation
metrix computed by program CORR, variables which represent the scores will
be given a value of 998. for these observations.

If 6.1.f. on handler 0, new c.i.f. on handler 3.
If c.d.f., on handler 3, new c.i.f. on handler 4 and vice-varsa,

New c.l.f. will not be used until command Z); is glven and the next &RUN;
card 1s read for any program.

B) <integer>;
Default: 'No scores are printed.

<integer> scores are printed on line printer for each observation used for
the correlation matrix.

C] <integer 1>,<integer 2>;
Command may only be used after XJ; i.e. after filing end printing.
Factors scores displayed as points in a 2-dimensional scattergram with
factor <integer 1> as X-axls and factor <integer 2> as Y-axis (ses (8}),
A maximum of the first 200 observations are displayed. If there are more
than 200 scores the messags

ONLY FIRST 200 SUBJECTS ARE DISPLAYED
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is displaysd. To see the scorss for all subjects, scores must be filed
using A) and displayed using the program DISVAR.

Keys 1: PLOT

8: OPTIONS
Options level 4.

X)3 . T
To start filing and printing.
Y) | '
"Return to level 3.
ij}‘q! v S
Exit.
7.2.  PRINCIPAL COMPONENTS

7.2.1. INTERPRETATION OF OPTIONS LEVEL 2 FOR PRINCIPAL COMPONENTS (9)

‘ A)y

Defsult: A corrslation matrix is input for principai componentﬁ analysis.
To input a matrix saved during an sarlisr run with C}i,
if the matrix is on tape, mount teps on handler &
or if the_matrix is in a V-file uss &ASSIGN card for channel 106,
B)s
» Default: Correlation matrix taken from c.i.f.
To input user’'s own correlation matrix from channel 37. (The card reader,
unless channel 37 is reassigned). For format of correlation matrix ses
7.1.1 8}, . , ‘

)
N -Default: Components matrix not saved.
To save an unrotated components matrix,

if the matrix is to be on tape, mount taps on handler 6
or if the matrix is to be in a V-file, use BASSIGN card for channel 10€,
for a V-file which must have previously been established.
. p} <list of variable identifiers>;

Default: All the variables in the correlation matrix ere used for
principal components.,

To display nemes of varlables in the correlation matrix and to specify a
subset of NVARF(= NCCMP) veriables for analysis,

To start procédure.
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Y
To return to level 1.

ray) ' _ | .
Exit. 4

7.2.2. INTERPRETATION OF OPTIONS LEVEL 3 FOR PRINCIPAL COMPONENTS (10)
with display boxes

(10) will be displayed when diagonalisation of correlation metrix is complets.

A3
To display numerical values of elgenvaluss and then percentages of total
varlance.
Keys 13 LP QUTPUT
8: OPTIONS
Options level 3.
Bls

To display numerical values of eigenvectors or component welights, The
. components normalised to thelr eigenvalue are displayed sequentially.

Keys 1 LP OUTPUT
. The complete components matrix is output on the line printer
normalised to the eigenvalues, Each matrix can only be output once.

23 NEXT VECTOR
Display next vector. If the current vecter is the last, the next
vector is the first. ‘ R

+..: 31 PREVIOUS VECTOR
i .. . Display previous vector. If the currsnt vector is the first, the
previous vector is the least.,

4: NORMALISE TO UNITY
The current and subseguent vectors will be displayed normelisad to
unity until key 5 is pressed.

5t NORMALISE TO EIGENVALUE
L The current and subsequent vectors will be displayed normalised
Lo 2T to the elgenvaluss until key 4 is pressed.

8: OPTIONS

Options lsvel 3.
£) <integer 13,<integer 2>
To display the variables as points in a 2-dimensional scattergram with
-component <integer 1> as the X-axis end component <integer 2> as the

Y-axis. Initially the maximum and minimum values on both axes are 1.0
and -1.0.
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Keys 1:

0l

23

8: _

PLOT

CHANGE SCALE ON BOTH AXES
If the max. and min., are currently 1.0 and -1.0 the new max. and

min. on both axes will be determined by the maximum absolute value
for all variables on both axes.

A max. and min. of 1 0 and -1.,0 can be restored by pressing key 2
agaln,

OPTIONS
Options level 3.

<integer 1>,<integer 2>,<integer 3>,<integer 4>

To display a maximum of four components with their weights as amplitudes,

A sketch is shown in the flow chart D) beneath (10), each horizontal line
represents a component, Vertical lines represent amplitudes, +ve above the
1ine, -ve below. Size displayed depends on maximum absolute valus for each
component, this maximum is displayed on the +ve side of each componsnt.

A cursor, a feint vertical line, which enables the user to distinguish
individual variables can be displayed and moved across the screen by pressing
keys 3, 4 and 5,

Keys 13

E)s

23

© 3t

4

53

8

PLOT

DISPLAY/DELETE CURSOR
The cursor is displayed, if it is not alrsady diaplayed. on the
screen,

" If it 1s displayed it 1is deleted.

Initially it points to the first variable,

The position in the correlation matrix, the number and neme of the
variable the cursor i1s currently pointing to ars displayed in the
top right hand corner of the screen.

ADVANCE CURSOR .
The cursor is advanced to the next variable. After the last variable

1t will restart st the first.

MOVE CURSOR BACK

The cursor is moved one step back, After the first variable it will
go back to the last,

MOVE CURSOR TO START

" The cursor 1s moved to the first variable.

OPTICONS _
Options lsvel 3.

To display cumulative sums of squarss of component weights,

Initially thers is a horizontal line across the bottom of the scresen.
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Keys 1: PLOT

2: © ~ ADD VARIABLES ’
The first time this ksy 1is pressed, verticel lines appsar (one for
each variable}, Each line repressnts the square of the weight of
that variable on the first component. Ths next time key 2 1is
pressed the square of the welght of each variable on the second
component 1s added, and each vertical line then represents the sum
of the squares of the wsights of sach variabla on the first two
components,

I1f, after all components have been added, key 2 is pressed again,
the procedure will be restarted.

a: OPTIONS
: Options level 3.

P

Fls
&,‘For Varimax rotation ses 7.2.3-4,
Gl

' For component scores see 7.2.5;
H) <integsr 1>,<integer 2>;

Default: If <integer 1> and <integer 2> are not supplied, axes are
. initially component 1 and component 2.

For interactive graphical orthogonal rotations.

Variables are displayed as points in a 2-dimensional scattergram with
component <integer 1> as the X-axis and component <integer 2> as the
Y-axis. :

" Axes may be rotated using keys 4, S,

Current angle of rotation measured in anti-clockwise direction is displayed
1in top right hand corner. .

when rotation is satisfactory new scattargram may be displayed with a
different pair of axes.

“Keys 13 PLOT

2: NEXT PAIR AXES
New scattergrams are displayed with axes changed as followa:
component for Y-axls is increased by one until NCOMP 1s reached,
then componsnt for X-axls 1s increased by one and Y~axis 18 one
greater than X-axis.

3 PREV PAIR AXES
Scattergram is displayed with previous pair of axes in this cycle.

4: ROTATE ANTICLOCKWISE »
.. Rotate axes anti-clockwise, one degres at a tims.

s - ROTATE CLOCKWISE
Rotate axes clockwlse, one degree at a time.
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Keys B: REFLECT X :

Absolute values of all component weights for component
<integer 1> are displayed.

-ve values cannot be restored,

7 - REFLECT Y

Absolute values of all component weights for component
<integer 2> are displayed.

-va values cannot be restored.

8: OPTIONS
Options level 3.

7.2.3. INTERPRETATION OF OPTIONS LEVEL 4 FOR VARIMAX ROTATION OF PRINCIPAL
COMPONENTS (5)

Type F); at level 3, then (5) will be displayed.
A))
Default: Component matrix is not normalised for rotation.
Component matrix is to be normalised.
B) <integer>;
Default: A maximum of 50 iterations.
<integer> will be the nsw maxlmum.
C) <number>;

Default: Convergencs cfiterion for Varimax criterion for two successive
iterations is .0000001.

<number> will bs the new convergence criterion.,
D) <iﬁtsger>: _
Default: All the components will be rotsted.

 <integer> components will be rotated.

To start rotation,
Y)s
To return to levsl 2,

)3
Exit.
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7.2.4, CONVERGENCE OF VARIMAX CRITERION (8)

Greph. ‘The current criterlon and maximum number of iterations are displayed.

X-axis: each interval represants 1 iteration.

Y-exis: the difference between ths Varimax criterion between

iterations,

If Vo = initial Varimax criterion
and Vi = Varimax criterion after ith iteration

then Y co-ordinats of the ith point = V1 - Vi 1

Keys. Keys will be interrogated éfter sach iteration, therefors they may bs
placed in the up position at any time. ’

1t

23

8

PLOT

CHANGE CONV CRITERION
To the message

CONV =
reply <number> terminated by a space.
New criterion is displayed on the scresn,

CHANGE MAX NO OF ITERATIONS
To ths message

NMAX =

- reply <integer> terminated by a spacs.

New maximum is displayed on the screen.

OPTIONS .

If this key 1s pressed before Varimax criterion has converged or
maximum number of iterations 1s reached, options level 3, (4) is
displayed.

Keys must ell be switched off when the next iteration is started,

1f the Varimax criterion converges within the maximum number of iterations

VARIMAX CRITERION CONVERGED IN <integer> ITERATIONS

is output to consols.

If it does not the message

is output.

VARIMAX CRITERION DID NOT CONVERGE IN <integer> ITERATIONS

. Then key 8 for list of options level 3, (4). Ses 7.2.2 all of which will now
refer to the rotated components matrix.
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7.2,5. INTERPRETATION OF OPTIONS LEVEL 4 FOR COMPONENT SCODRES (7)

Type G)s at lsvel 3, then (7) will be displayed.

Scores ars written to new c.i.f. (optional), line printer {optional), and a
disc file for quick access for display. Therefore command C) must be used
after X) when all filing and printing 1s finished.

A)

B)

c)

<list of user variable names>;

Default: No scores will be filed on new c.i.f.

New c.i.f. to be created with scores as additional variables. List contains
new user variable names for scores that are to bs filed. If there are
NSCORE names in the 1list, the first NSCORE scores will be filed.

If any observations on the c.i1.f. wers not included in ths correlation
matrix computed by program CORR, variables which represent the scores

will be given a valus of 998. for these observations,

1f c.1.f. on handler 0, new c.i.f. on handler 3,
If c.i.f. on handler 3, new c.i.f. on handler 4 and vice-versa,

New Cel.f. will not bs used until command 2); is given and the next &RUN;
is read for any program.

<integer>;
Defsult: No scores are printed.

<integer> scores are printed on line printer for each observation used for
the correlation matrix,

<integer 1>,<integer 2>,
Command may only be used after X); 1.e. after filing and printing.
Component scores displayed as points in a 2-dimensional scattergram with
component <integer 1> as X-axls and component <integsr 2> as Y-axis (gee (8)),
A maximum of the first 200 cbservations are displayed. If there are more
than 200 scores the message

ONLY FIRST 200 SUBJECTS ARE DISPLAYED
is displaysad.

To sese the scores for all subjects, scores must be filed using A) and
displayed using the program DISVAR.

Keys 13 PLOT

X))

8 OPTIONS
Options levsl 4,

To start filing and printing.
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Yh

ARaturn to level 3.

)3

Exit.
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8. EUCLID - A PROGRAM FOR NON-HIERARCHICAL CLUSTERING OR EUCLIDEAN
CLUSTER ANALYSIS

8.1, METHOD

This program takes raw data and attempts to find the best eset of k clusters
such that the sums of squares of daviations of each observation from its
cluster centre is a minimum, where k is defined by the user. Data used in
the analysis can be displayed as e 2-dimensional scattergram with any two
variables on the c.1.f. as axes.

The method requires an initial set of cluster centres to be dafined; theee can
be chosen randomly or defined interactively with a ecattergram and the light pen,

Initially k should bse larger (or smaller) than is eventuslly required, a
solution can then be found for this initisl value of k., k can then be decreassd
lor increased) by one, interactively, and the cluster centres for the previous
iteration ars used as the starting'position for the current iteration.

When k 1s being decreased two clusters are merged. These are chosen such that
the increass in the overall sum of squares of deviations 1is minimised, and the
centre of the new cluster is calculatsd,

wWhen k is being increased the cluster with the largest squared deviation is
chosen for division to define two new cluster centres. These are defined as
follows: for each variable or dimension one co-ordinate for one new cluster is
the mean of the old cluster less ons standard deviation and for the other new
cluster the mean plus one standard deviation,

8.2.  DISPLAY OF SCATTERGRAMS
For this program all data is standardissd for scattergrams.

Initially all points which lie within 3 standard deviations will be displayed,
any points outside this range will not appear., Oata points are enclosed in a
box sbove which appear the number of standard deviations used for each axis and
the number of points displayed. This can be changed by pressing key 7 at points
indicated in the following sections, Once key 7 is prsssed the message

NO OF STDEVS FOR X =

is typed on the console typewriter.»
Reply

<number> terminated with a spacs
for the number of standard deviations for the X-axis,

NO OF STDEVS FOR Y =

is then typed on the console typewriter.
Reply
<number> terminated with a gpace

for the number of standard devistions for the Y-axis,
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8.3,

~ DPTIONS LEVEL 1

A} DISPLAY VARIABLE NAMES FOR SELECTION, MAX 80 - (MIN(ALL, FIRST 60)).
8) TYPE LIST OF RECORD IDENTIFIERS, MAX 150 - (MIN(ALL, FIRST 150)).
C) STANDARDISE DATA - (DATA NOT STANDARDISED).
D) INITIAL NO. OF CLUSTERS, MAX 20 - (20).
" E) FINAL NO. OF CLUSTERS, MAX 20 - (1).
F) 'MINIMUM NO. OF OBS. ALLOWED FOR EACH CLUSTER - (1),

G) ~ LIST OF VARIABLES WHICH MAY BE USED TO DISPLAY CLUSTERS, MAX 20 -
(CURRENT AXES ONLY),

H) RANDOM SELECTION OF PTS FOR INITIAL CLUSTERS, TYPE NO. OF INITIAL
CALLS TO RANDOM - (FIRST DATA PTS)

I) USER SELECTION OF PTS FOR INITIAL CLUSTERS - (FIRST DATA PTS)

J) CURRENT AXES TO DISPLAY CLUSTERS - (NG DISPLAY) '

X) START ’

Z) EXIT

Interpretation of options lsvel 1.

A)

<1ist of variable identifiers>;

‘Default: Either all the variables, or the first 60 which have type 'N', on

B)

the c.i.f., whichever 1s the minimum, will be used for the analysis,

The veriables (max. 60} included in 1list of variable identifiers will be
used.

No. of variables for analysis = NVARC

<list of record identifiers>;

_Default: Either all the records or the first 150 on the c.i.f., whichever

Ch

D)

is ths minimum will bs used.,

The records (max. 150) includedlin the list of record identifisrs will be
used. Co

No. of records (observations) for analysis = NOBSC

Default: Data will not be standardised.

Dsta will be standardised so that each variable used in the analysis has
mean 0 and standard deviation 1.

<integer>;
Default: Initial no. of clusters 20.
<integer> will be initial no. of clusters (max, 20).

LFCLUS = initial no. of clusters.
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£)

<integer>;
Default: Final no., of clusters 1.

<integer> will be the final no., of clusters (max. 20).

: _NFCLUS = final no. of clusters.

F)

G)

<integer>;

Default: Minimum no. of observations allowed for each cluster = 1.
<integer> will be minimum no. of observations allowed for each cluster.,
<list of variable identifiers>,

(If scattergrams are to be displayed, the axss may be changed at any point
in the anslysis). :

Default: Only variablaes defined with J) and variables defined with A)
i.,e. those used in analysls may be used as axes for scattergrams,

A set of additional variables that may be required for axes can ba dafined

“with the list of variable identifiers.

or H) <integer>; (ses note)

" pefeult: The data for the first LFCLUS observations will be used to

1)

define initial cluster centres,

"Random selection of data points which will define initial cluster centres.

Default: The data for the first LFCLUS observations will be used to
define initial cluster centres.

User selection of points to define initisl cluster centres. Selection

- will be madse after command X);.,

- J)

X)s

)

<variable identifier 1>,<varlabls identifisr 2>, .

Default: If command G) is not given there will be no display,
if command G) is given first 2 variables in the list will be
used as axes for scattergram,

<varisble identifier 1> defines X-axis.,
<variable idsntifier 2> defings Y-axls for scattergram,

these ars called the current axes and may be changed during the analysis,

This command or G) must be given i1f command I)}; is given.

To start procedure.

Exit.

NOTE: Second form H) <integer>; is for different rendom staerts) integer calls

made to random number generator before random numbers are used for cluster
centres., For a single &RUN; card, sach random start will be different.
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8.4, USER DEFINITION QF INITIAL CLUSTER CENTRES

when command X)j; 1s glven, scattergram displayed if requested. If command I);
has been given, cluster centres must be defined. This is done by defining
circles on the scattergram with the light pen. The number of circles currently
defined 1s displayed above the scattergram. Initially all points displayed es
small o's.

Keys 1: pLOT

2: DISPLAY/DELETE CROSS )
Display tracking cross 1f not displayed.
' Delete tracking cross if displayed.

3: CENTRES & RADII
To define a cluster centre,
Move cross to point defining circle centrs,
press key 3, 'x' will be displayed.
Move cross to point defining circle radius,
press key 3 again, 'x' will be deleted and circle displayed.

All points lylng within circle will be displayed as cluster
identifier, i.,e., items lying within first circle will appear as
1's etc. .

4:  DELETE NEAREST CIRCLE R ,
To delets a circls, move cross close to circle centre and press
" kesy 4. »
Circle centre closest to current position of cross will be deleted,.
Points will be redisplayed as small 0's, and numbsr of clusters
currently desflned readjusted.

73 CHANGE SCALE ‘
To change scale on both axes. See 8.2 for definition,

8: START

The number of clusters defined when key 8 1s pressed will override anything
supplied for initial number of clusters (LFCLUS) at level 1. The centres of
gravity of the sets of polnts lying within each circle are calculated and the
cluster analysis starts. .

B.5.  SCATTERGRAM FOR ANALYSIS
Keys are used to initiate next tteration, i.e. change in the value of k.

Current no. of cluster and total squared deviation are displayed above
scattergram. '

Keys 1t pLOT

21 NEXT ITERATION
k=k=1, if LFCLUS > NFCLUS
k«k+1, if LFCLUS < NFCLUS

3 PRINT C MEMBERS
Output on line printer:
No. of clusters, total squered deviation and for each clustsr:
Squared deviation
Co-ordinates of cluster centre
Cluster members
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Keys 4: PREVIOUS ITERATION
: As results are computed they ares filed.
“With this key the previous iteration will be read and displayed.

5: F STATISTIC
Pseudo F-Statistic displayed.

If current no. of clusters = K1, statistic displayed is

R(K1) - R(K2) (NOBSC - K1) 53\ 2/NVARC. .
R(K2) L_INDBSC - K2) K1/
1f LFCLUS > NFCLUS K2 = K1, .... LFCLUS and
with NVARC(K2-K1) and NVARC(NOBSC-K2) degress of freedom.

7% CHANGE SCALE
- . To change scale on both axes. See 8.2 for definition.

8: OPTIONS
Options level 2,

8.6. OPTIONS LEVEL 2 TO DISPLAY INDIVIDUAL CLUSTERS

A) DISPLAY INDIVIDUAL CLUSTERS WITH IDENTIFIERS
B) TYPE 2 VARIABLE IDENTIFIERS TO DEFINE NEW AXES
C) RESTART PROCEDURE WITH MOST RECENT STARTING POSITION

D) GIVE VARIABLE NAME FOR CLUSTER IDENTIFIER TO BE FILED, AND
COMMENCE FILING

Y) RETURN TO LEVEL 1 TO RESTART WITH NEW STARTING POSITION
.2} EXIT

Interpretation of options level 2.

A)s

To display individual clusters, sequentlally, as scattergrams with the
current axes. Observations ars represented by their record identifiers.
Cluster no. and squared deviation are displayed above scattergram.

~ Keys 1% pLAT

2 NEXT ITERATION
. Will return to scattergram defined in B.4 and proceed with next
iteration.

3: NEXT CLUSTER
Next cluster displayed, if the lest cluster is currently displayed,
next cluster is first cluster.

4 PREVIOUS CLUSTER
Previous cluster displayed, if the first cluster is currently
displayed, next cluster is the last cluster.
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Keys 73 CHANGE SCALE

B)

To chenge scele on both axes. Ses 8.2 for definition,

8: OPTICONS
Options level 2.

<variable identifier 1>,<variable identifier 2>;

New scattergram displayed with axes

<variable identifier 1> for X-axis
<variable ldentifier 2> for Y-axis

These two identifiers must be either smongst thosse used for analysis or
included in list following command G) or J)} at level 1.

Keys 13 pLOT
2 NEXT ITERATION .
Will return to scettergram defined in B.4 and proceed with next
iteration.

C)s

D)

Y)s

. )3

7 CHANGE SCALE _
: To change scale on both axes, See 8.2 for definition.

8: OPTIONS
Options level 2.

Return to scattergram definad in 8.4 end restart procedure with most recent
starting position.

<yser variable name>;

A new c.1.f. is created with one additional veriabls, the cluster identifier
with name given by <user variable name>. This varisble will be of type 'N'
and will take integer values 1,...k, if k is the current number of clusters.
If thers are observations on the c.i.f. not included in the analysis, for
these observations the valus of this variable will be zero,

If c.i1.f. on handler 0, new c.i.f. on handler 3.
If c.i.f. on handler 3, new c.i.f. on handler 4 and vice-verse.

New c.1.f, will not be used until command 2]: is given and the next &RUN;
card 1s read for any program.

Return to level 1 and restart procedure from beginning.

Exit.
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8. DISTANCE - A PROGRAM TO COMPUTE A MATRIX OF DISTANCE COEFFICIENTS
8.1,  OPTIONS LEVEL 1

A) TYPE LIST OF VARIABLES TO BE INCLUDED IN EACH DIJ, MAX 60 -
(MIN(ALL, FIRST 60}),

B) TYPE LIST OF 0BS TO BE INCLUDED - (MINCALL,FIRST 150)),
€} PRINT DISTANCE MATRIX - (MATRIX NOT PRINTED),
D) STANDARDISE DATA - (DATA NOT STANDARDISED),

£} WRITE DISTANCE MATRIX TO FILE FOR LINK TO UMRCC = (MATRIX NOT
FILED).

. X} START AND EXIT,
Interpratatibn of options level 1.
A] <list of variable identifiers>;

Default: Either all the variables, or the first B0 which have type 'N’ on
the c.i.f., whichever 1s the minimum, will bs used for the analysis,

The variables (max. 60) included in the list of variable identifiers will be
used in the analysis.

No. of variables for analysis = NVARC,
B) <list of record identifiers>;

Default: Either all the records on the c.i.f., or the first 150 on the
c+1.f., whichever 1s the minimum, will be used for the analysis,

Only those records (mex. 150) specified in the list of record
identifiers will bse used.

No. of observations for analysis = NOBSC.

Default: distance maetrix will not be printed.

Distance matrix will be output to line printer.
D)y

Default: Data will not be standardised.

Data will be standardised so that each variable used for distence
coefficlents has mean 0, and standard desviation 1,

E)y

Default: Distance matrix will be filed at end of c.i.fs, but it will not
be filed elsewhers.

Distance matrix will be punched on paper tape, channel 33, which may be
reassigned.
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Format of file: Matrix in lower triangular form, diagonal absent,
(NOBSC-1) records),

d = distance between obsi and obsj.

1
1st record d,, ' ‘ 5E14.6

2nd rgcord d13 d23

etc.

Matrix of distance coefficlients 1s calculated and filed at the end of
c.1.f., and (optionally) printed and filed elsswhers. . Exit from the
program is automatic. .
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10.

CLUSTER - A PROGRAM FOR HIERARCHICAL CLUSTER ANALYSIS

10.1. OPTIONS LEVEL 1

A} NEAREST NEIGHBOUR

8) FURTHEST NEIGHBOUR

) UNWEIGHTED MEAN PAIR, CENTROID
0) WEIGHTED MEAN PAIR

E) DISPLAY DENDROGRAM

F) DISPLAY SCATTERGRAM

-2} EXIT

© 40.2. OPTIONS LEVEL 2 FOR COMMANDS Al; B); C; AND D),

If commend A)s or B); or C); or D}y 1s given at level 1, list of options
described below will be displayed.

A) INPUT USERS OWN MATRIX - (MATRIX AT END OF C.I.F.)
B) MATRIX OF SIMILARITIES - (MATRIX OF DISSIMILARITIES)

C) LIST OF RECORD IDENTIFIERS OF OBSERVATIONS TO BE CLUSTERED -
(ALL 0BS. IN MATRIX)

D) PRINT HISTORY OF CLUSTERING = (NOT PRINTED) ‘
- €) PRINT ORDER OF OBSERVATIONS FOR DENDROGRAM = (NOT PRINTED)
X) START AND RETURN TO LEVEL 1
- 7)) EXIT T

Interpretation of options level 2,

Al

Default: ODistance matrix taken from c.i.f.

To input user’s own matrix from channel 37 {the card reader unless
channel 37 is reassigned)., ‘

Format of matrix.
Header card,
Cols, 1 - 5§ No. of observations in matrix (max 150)

Metrix in lower triangular form, diagonal present.,

18t row

Cols. 1 - 10 511

2nd row

Cols. 1 - 10 812

Cols. 11 - 20 822
etc.
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If there are more than 8 observations the Sth and subsequent rows will
require more than one card. Each row must start on a new card.

Default: The matrix is one of diséimilarities.
A matrix of similarities is to be input.
C) <list of record identifiers>;

Default: All the observations in the matrix will be used in the cluster
analysis,

Only those specified in ths list of record identifiers will be used.
D) ‘ | |
Deféu1£= History of clustering nét printed.
History of clustering output to line printer under the following headings.

CYCLE NO. . IGROUP NO. OF OBS JGROUP NO. OF 0BS OISTANCE
IN IGROUP IN JGROUP

For nearest neighbour and furthest neighbour, IGROUP and JGRQUP are the
clusters being merged at the current cycle, the number of items in IGROUP
and JGROUP gives the number of chservations already in each group., Tha
distance is the distance between the two clusters.

For weighted and unwelghted mean pair, when two clusters are merged

th
cluster assumes the name of the IGROUP cluster, therefore the 1dgnt1f1:rnew
for JGROUP will never reappear. For weighted mean pair the number of
observations for JGROUP and IGROUP will always be 1, For unweighted msan

pair these columns will contain the number of observations in IGROUP and
JGROUP,

Default: Ordered list of observaetions for dendrogramwill not be printed.

The 1ist of observations in the order they appear in the dendrogram
is no room for these when the dencrogramis displayed). gram. (There

The procedure will be started and wheh complete the list of options for
level 1 will reappear.

10.3. INTERPRETATION OF OPTICONS LEVEL 1 CONT.

E)s
Display dendrogram.

Keys 13 PLOT

- 223 -



Keys 3: CLEVEL
Press key 3 {1st): tracking cross displayed.

Press key 3 (2nd): verticsl position of cross recorded, dotted
horizontal lins drawn across dencrogram and
CLEVEL recorded for scattergram. If lina
crosses k vertical lines than k clusters will
be defined in scattergram. Clusters will be
numbered starting from the left.

8: OPTIONS
Options lesvel 1.

Flj
Display scattergram and list of optlons lsvel 2 will appsar.

A) VARIABLES FOR AXES TO DISPLAY DATA - (FIRST 2 ON C.I.F,)
X) START

Y) RETURN TO LEVEL 1

Z) EXIT

A) . <variable identifier 1>,<variable identifier 2>,

Default: First two variables on c.i.f. will be used as axes for
scattergram,

<variable'1dentifier 1> will be used for X-axis
<variable identifier 2> will be used for Y-axis

X)s

Display scattergram.

Ifdendrogram has not been displayed, and key 3 was not pressed and a CLEVEL

recorded, all observations will appear as small O0's,

If a CLEVEL has been recorded each observation will be displayed as a mamber

of one of k groups.

All data will be standardised for the display,

Initially all data points which lie within 3 standard deviations will ba

displayed, any points which lie outside this range wlll not s&ppear. The

number of standard deviations for the display can be altered by using kesy 7.
Keys 13 PLOT

7: CHANGE SCALE
To message on console typewriter

NO OF STOEVS FOR X =

reply

<number> terminated with a space for number of standard
deviations for X-axis,
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Yh

1)

83

To message

NO OF STDEVS FOR Y =

reply

<number> terminated by a space for
devistions for Y-axis,

OPTIONS
Options for scattergrem, level 2,

Return to level 1.

Exit.
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1.

DISCRIM - A PROGRAM FOR DISCRIMINANT ANALYSIS

41.1. OPTIONS LEVEL 1

A) DISPLAY VARIABLE NAMES FOR SELECTION, MAX 60 - (MIN(ALL, FIRST 60))

B) TYPE LIST OF RECORD IDENTIFIERS TO DEFINE ONE GROUP, FIRST COMMAND
B) DEFINES FIRST GROUP ETC,

C} TYPE IF STATEMENTS TQ DEFINE ONE GROUP, FIRST COMMAND C) DEFINES
FIRST GROUP ETC,

D) STANDARDISE DATA - (NOT STANDARDISED)

E} GROUPS WEIGHTED BY PROPORTIONATE FREQUENCY FOR DISCRIMINANT SCORES -
(EQUAL WEIGHTS)

X) TRANSFER TO LEVEL 2
Z) EXIT

Interpretation of options level 1,

A)

used in the analysis.

<list of variable identifiers>;

Default: Either all the variables, or the first 60 which have type 'N' an ths
c.i.f., whichever is the minimum, will be used for the analysis,

The variables (max. 60) included in the list of variable identifiers will be

No. of variables for analysis = NVARC.

Commands starting B) or C) may be used to defins a maximum of 10 sample popula-
tions or groups. Thers must be one command for sach group. For thes evaluation
of any one set of discriminant functions commands starting B) and C) may not be
mixed.

B)

c)

D)

<list of record identiflers>;

Each command of this type defines a group, the first such command defining
the first group, etc. The group will consist of the records whose
identifisrs appear in the list of record identifiers.

IF <logical expression>;

Each command of this type defines a group, the first such command defining
the first group, etc. The group will consist of those records for which
the logical expression 1s true,

" Default: The data will not bs standardised.

E)s

The data will be standardised so that, for all the observations includsd in
the analysis each variable has zero mean and unit variance.

Default: The probabilities of occurrence of each group will be assumed

to be equal. 4

The probabllities of occurrence of each group will be weighted according to

the. relative size of the group.
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X3

Transfer to level 2.

2);
Exit.
1.2, OPTIONS LEVEL 2

A) DISPLAY WEIGHTS & CONSTANT TERM FOR DISCRIMINANT SCORES
B) DISPLAY CONTINGENCY TABLE

C]A SCATTERGRAM WITH CANONICAL VARIATES AS AXES, TYP
FOR AXES - (1 & 2) ' © 2 INTEGERS

D) FILE CANONICAL VARIATE SCORES, TYPE LIST OF USER VARIABLE NAMES

E) TYPE VALUES FOR NEW DBSERVATION FOR ALLOCATION T
GIVEN ON CONSOLE N TO GROUP. RESULT

Y} RETURN TO LEVEL 1
7} EXIT

Interpretation of options level 2.

A):

To display numerical values of weights and constant term f
or
scores. These are displayed for one group at a tims. dtscrimtnant

Keys 1: LP CUTPUT ‘

: " The complete set of weights and constant terms 1s output ;
tt

line printer. These can only be output once,. put to the

2: NEXT GROUP
Display weights and constant term for the next group. If the
current group is the last, the next group is the first.

"~ 3:"  PREVIOUS GROUP ' ' :
Display weights and constant term for the previous
group. If
current group is the first, the previous group 1s the 1§st. the

8: OPTIONS
Options level 2.

A contingency table 1s displayed showing how the data used to define the
discriminant functions is allocated using these same discriminant functions
The columns give the predicted groups, or the groups to which the observatié
are sssigned by means of the discriminant functions, the rows give the actuaqs

growps.
Keys 1: LP OUTPUT
8: OPTIONS ‘

Options lsvel 2,

)y or C) <integer 1>,<integer 25,

pDefault: If integer 1 and integer 2 are not su
pplied, initially the X and
axes are the first and second canonical varietes rnspgctively. Y
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To display group means with canonical varistes as axes; variate <integer 1>
as X-axis, variate <integer 2> as Y-axls. Group means are displayed as a
single charactery '1' for the first group mean etc.

Keys 1: PLOT

2: DISPLAY CROSS AND SPECIFY RROUPS
To display the observations with the group msans.

- Press key 2 to display tracking cross.
i) Move cross with light pen close to mean of group whose
observations are to bs displayed.
i1) Press kay 2.

Repeat 1) and i1) for each group whose observations are to be
displayed.

3: DELETE CROSS
Cross deleted and observations displayed for groups which were
specified while tracking cross was displayed.

4z DELETE 0B8S
All obssrvations currently displayed will be deleted.

6: CHANGE CHARACTER SIZE
Initially group means displayed as medium size characters and
observations as small., Key 6 will change means to large and
cbservations to medium size. Pressing key 6 again changes them
back to their original size.

7: NEXT CANONICAL VAR ON Y AXIS
New scattergram will be displayed with X-axis remaining the same
and variate number for Y-axis increased by one.

If Y-axls 1s currently the last of the canonical variates and key 7
is pressed, the Y-axis will be the first canonical variate which is
not equal to the current variate for X-axis.

8: OPTIONS
Options level 2.

D) <list of user variable names>;
New c.i.f. to be created with canonicel varlete scorss as additional variables.
List contalns new user variable names for scores that are to be filed, If
there are NSCORE names in the list, the first NSCORE scores will be filed.

1f c.i.f. on handler 0, new c.i.f. on handler 3,
If c.1.f. on handler 3, new c.i.f, on handler 4 and vice-versa.

New c.i.f. will not be used until command Z); 1is given and the next &RUN;
is read for any program.

E) <list of NVARC numbers>;

List contains NVARC numbers defining new observation to be allocated to a
group.
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Message output to console

ALLOCATED TO GROUP <intepsr>

indicating to which group the new observation has been allocated.
Y |
Return to level 1.
Z),

Exit.
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