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AN ASSESSMENT OF THE EFFECTIVENESS OF TACTILE PRESENTATIONS
AS SUBSTITUTES FOR PICTURES.
Ph.D. Thesis by Ronald A.L. Hinton.
ABSTRACT
The vital role played by pictures and diagrams in modern
communication is stated. with the need for adequate
substitutes so that visually impaired people can take full
advantage of educational and career opportunities.
The multiplicity of purposes to which pictures and diagrams
can be put. and the diversity of styles which result. are
discussed. Available methods for producing tactile versions
of these (some devised and improved by the author) are
described and provisionally evaluated.
The neurological aspects of touch perception are traced up
to recent research with intraneural microprobes. and
discussed in parallel with psychophysical theories on
tactual perception and picture processing.
From this base. the author's educational research and
classroom experience are described and evaluated to discover
what blind users can understand from various kinds of
tactile displays. and what contribution is made to this
understanding by memory and enriched educational experience.
The extent to which tactile versions can fulfil the many
functions of print pictures and diagrams in education and
leisure is discussed. with special reference to the
rendering of painted works of art into tactile form. The
author argues that such pictures should contain some
suggestion of the original artist's style. to be of value.
The particular predicament of congenitally blind people is
discussed. with examples of what they can achieve with
adequate teaching. Besides the importance of good diagram
design. the vital part played by the educational environment
in which diagrams are presented is argued. Suggestions for
improved educational methods are made. with examples from
the author's current practice. Future educational needs and
possibilities are predicted.
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INTRODUCTION

THE CIRCUMSTANCES IN WHICH FIELDWORK HAS BEEN CONDUCTED
There are certain factors influencing the fieldwork which
supports part of this thesis which should be specified
because they affect the way that observations and other
fieldwork have been conducted, and also the shape and style
of the thesis itself.
Firstly, those-severely visually impaired students who are
the main focus of this research, that is, those who are
unable to read print, but rely on audio/tactile methods for
their education, are relatively few in number (perhaps 2000
at most, out of the total UK school population of 7.6
million). Because of this, the schools in which they work
are rather more plagued by visitors of all kinds than the
average neighbourhood school, and any researcher hoping for
access to staff and pupils over a long period must try to
reduce to a minimum interruption to the education of
individual pupils.
It also needs to be pointed out that as well as the
curriculum followed by children of normal sight, the blind
child has extra communication skills to learn, such as
braille and touch-typing, and must also be taught
appropriate mobility skills, and these important activities
can be arduous and time-consuming. In addition, the blind
child tends to be slower at many tasks, particularly in the
early years, so that there are very special reasons for
avoiding research activities which may be disruptive, unless
they are (a) absolutely unavoidable, or (b) can be shown to
have positive benefit for the child as an individual.
Another factor which affects the style of research
information-gathering is the great variability in
performance of the children concerned. The reasons for this
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are many and interesting, and are in fact discussed at
various points in this thesis. They do, however, tend to
lessen the value of an empirical, statistical approach in
favour of greater attention to individual cases and to the
factors which affect their performance.
To achieve full understanding of all of the determining
factors it is often necessary to immerse oneself quite
deeply in the child's educational experience, for casual
single-visit observations can be misleading.
For all of these reasons, the researcher, an ex-teacher of
many years of varied classroom experience, has tended to
operate in a context which is underst'ood and experienced by
the child as a learning situation. The child will have
learned something new, however small, during the interview.
The researcher keeps in mind certain factors which are to be
probed (a "hidden agenda", perhaps), and these are discussed
with the teachers, and sometimes with the children. These
factors are then investigated or experimented-with while the
researcher adopts a teaching role.
This approach pre-supposes a willingness to intervene as a
teacher would to improve the pupil's understanding or
psychomotor skills. The willingness to do this in itself
tends to militate against a simple statistical approach for
much of the work, because the goals originally set for an
activity might be extended, restricted or modified in some
other way while the activity is being pursued. To strengthen
the available evidence the information collected is enriched
in every possible way such as video-recordings, discussion
with teachers, and conversations with the children, and also
by retention or copying of children's work as examples. Even
the latter intention is sometimes difficult to fulfil when
children are allowed to retain their work for valid
educational reasons.
This strategy constitutes a type of what is known as
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"formative" evaluation in which the investigator consciously
contributes to the educational experience and not only
allows but encourages it to develop while the observations
are in progress. Some of the implications of this form of
evaluation are discussed in Chapter Four of this thesis.

USE OF NOMENCLATURE
Most dictionaries do not make an obvious difference in
meaning between the three words "tactual", "tactile" and
"haptic" which all refer to touch.
In this thesis, and increasingly in the recent literature on
perception, (Dodds, 1988) "Tactual" is used of the touch
sensation and the psychological process; "Tactile" is
confined to objects and pictures intended to be touched. The
word "Haptic" is more rarely used, and then most
appropriately to describe the touch sensations coming from
the dermal nerve endings alone without the additional
modifying effect of the higher reaches of the nervous
system. In more general use the words "haptic" and
"tactual" are synonymous.
"Kinaesthetic", in the strict sense, describes the
positional information gained from nerves in the joints and
muscles which contributes to the body's overall space
awareness.

g.

CHAPTER ONE

ILLUSTRATIONS IN VISUAL AND TACTILE FORM

1.1 THE NEED FOR "GRAPHICACY"
Pictures and diagrams are a means of communication which
fully sighted people take for granted, and on which modern
society relies. If people who are blind are .to take full
advantage of available educational, leisure and employment
opportunities it is important to find adequate substitutes
for all kinds of graphic displays.
The means are available to create various forms of tactile
representations which can be understood by people who are
blind, and even by those whose impairment is congenital.
This thesis assesses the extent to which tactile displays
can be substitutes for pictures and describes the way in
which they should be used, and some ways in which children
can be better equipped to obtain reliable information from
them. In doing so, it examines the perceptual channels
through which such tactile displays are read and
interpreted, and also describes the associated experiences
which are pre-requisite to full understanding and the type
of educational programme which can enable blind children to
acquire facility and confidence in the use of pictures and
diagrams in their tactile form.

1.2 PICTURES
If the word "picture" is used in its most wide-ranging sense
to denote any display in which information is given
spatially rather than verbally it will encompass a vast
range of graphs, symbols, maps and images on the one hand
and will serve a wide variety of communicative intentions on
the other.
Thus the conventional symbol for toilet facilities for
disabled people advertises their presence with a stylised
side-view of a wheelchair and its occupant which is intended
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to be easily recognisable by people in the countries where
it is used.

Although this is generally so, there is no

doubt that the reader would need to have met sufficient
numbers of these wheelchairs and symbols of this nature to
be able to guess what the symbol means, and some other
symbols of this type are much more ambiguous.

For example,

the symbol based on the front view of the human eye with a
diagonal line across it which announces the availability of
help for visually impaired people is obviously linked to the
eye in some way but precisely what it means is much more
difficult to guess.

So symbols of this type do require

users to be educated in a particular code; if not
symbol-by-symbol, at least to the extent of adopting a
particular frame of mind in approaching the symbols.
The medical temperature or bloodpressure chart indicates
higher and lower temperature or bloodpressure by raising and
lowering the graph line, and traces the progress of these
phenomena by a zig-zag.

By convention the vertical or "y"

axis usually represents the measured effect of whatever
controlled variable is measured on the "x" axis, which runs
across the chart.

Mathematical information of this sort can,

be very precisely plotted so as to allow accurate reading
from the graph by noting the co-ordinates at any particular
point on the trace.
A statistical pie-chart registers shares of a total by
larger or smaller slices from the pie.

The statistical

symbolism of this type of presentation is very obvious but
precise measurements are difficult to read back from the
chart.
Process diagrams or flow-charts show the inter-relationships
of stages in the process by lines of connection and
direction.

They are widely used for purposes as diverse as

showing the chain of command in an organisation;
demonstrating the steps in a biochemical process; or
describing the manufacturing processes to be followed in

,
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producing an engineering product.
Simple maps indicate environment on a notional birdseye view
with conventional symbols.

Maps can be made to various

degrees of sophistication and in the case of the more
complex ones such as the smaller scale Ordnance Survey maps
such features as contours may require considerable training
to read whereas coastal outlines, roads and rivers may be
relatively simple to understand.

There are also many

occasions when instrument readings such as weather or
seismic data are plotted on maps as a visual or spatial way
of representing variations in the physical data.

To read

them intelligently requires full understanding of the
underlying phenomena, of the way they are recorded, and of
the implications of the data.

To be able to read this kind

of map one must acquire knowledge which goes far beyond the
ability to discriminate and identify the shapes and symbols
on the page.
This is but a small selection of the ways in which
information is conveyed by means of a diagram.

Yet none of

these examples begins to consider that world of pictures
which is generally thought of as "Art", and covers a vast
spectrum from the "old master" in oils, through pastel
sketch, etching, water colour to cartoon and every school
and -ism from the consciously representational to abstract
and op-art.

With these pictures, style and historical or

cultural development influence the way the picture is
perceived. These factors influence not only the way the
artist responds to what he sees and tries to depict, but
also the way in which the viewer reacts to and understands
the picture.

(Artist and viewer may, of course, be

separated by centuries of time.)
In one sense this array could be further extended.to include
not only collage and bas-relief, but the free-standing
sculpture, assembly or model; anything in fact which depicts
an "other world" in spatial terms.

However, for the purpose
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of discussion within this thesis, narrower limits will be
defined.

For all practical purposes the discussion will be

confined to that which can be presented on a page.
This list has already encompassed the tactile picture medium
though approaching it from a visual direction.

What then is

the potential of two-dimensional and three-dimensional
representations when they can only be read by touch in the
way that a blind person would?
It must be established from the outset that even in that
subset of visually-impaired people who have no vision at all
there are two quite distinct groups of people: the Late
Blind who may have distinct visual memories which may be
depended upon in concept-forming, and the Congenitally Blind
or Early Blind who have no such memory.

There has been a

tendency in the past to postulate limits to the
understanding of Congenitally Blind people that now appear
to be quite unwarranted in the light of experience and more
careful research.

(Birns, 1986)

Undoubtedly those who are

congenitally blind begin their lives with the disadvantage
of a much-reduced and biased sensory experience and if this
is not overcome by adequate educational measures a severe
educational and cognitive handicap can occur.
However, many of the most damaging aspects of this can be
minimised by providing rich enough tactual and
conversational opportunities during and beyond childhood,
and among such measures tactile pictures have their part.
Well-educated Congenitally Blind children cannot overcome
their disadvantage entirely - one would be foolish to
pretend otherwise - but their effective educational
performance can come very close to that of the Late Blind in
most respects and can enable them to lead full and
interesting lives open to new perceptual opportunities.
This question will be re-examined in more detail in relation
to tactile pictures in this thesis.
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1.3 REPRESENTATIONS FOR THE TOUCH SENSE
That touch is the Cinderella among the senses becomes
apparent from a cursory glance at the contents page of any
handbook of perceptual psychology.

The small proportion of

such a book devoted to touch echoes the relative proportion
found in academic pUblications as a whole, and it also
reflects the general pattern of research activity and public
interest.

It is significant that David Katz' "World of

Colour" which deals with visual phenomena has long been
available in English translation, whereas his influential
"Aufbau der tastwelt" on the subject of touch can still only
be read in its entirety in the original German.

(Katz, 1925

& 1935)
There is a corresponding deficiency in the development of
tactile educational resources, despite a belief by many
psychologists that tactual input is a potent factor in every
child's early development and in the establishment of
effective psychomotor pathways in skill learning.

Indeed

visual information only takes on its full significance for
the young fully-sighted child when he/she is able to relate
it to the tactual world.

(Bower, 1974)

Some of this

deficiency of resources is caused by the relatively low
number of children who would appear to benefit, so that
producers are not encouraged by any prospect of commercial
advantage.
In the more specialised area of tactile illustrations for
those deficient of sight, examples of the genre are nowhere
near as numerous as the great variety of visual
illustrations even though experience of using tactile media
in education and knowledge of presently available technology
leads the present author to believe that we exploit only a
trivial fraction of the potential of this means of
communication.

Despite progress in the understanding of

tactual perception made by researchers and thinkers over a
range of disciplines, our understanding is still patchy and

14.

seemingly more prone to make wayward turns than in other
branches of psychology .
. Yet much of knowledge deals with structures and processes
whose stages and inter-relationships are most clearly
described by some two- or three-dimensional pattern.
alon~,

Words

if they are to provide an adequate description, may

be cumbersome by comparison with a sketch, however crude it
may be.

This thesis attempts to extend the available

knowledge of the use and understanding of tactile
representation in formal and personal education by drawing
together some of the experimental results of researchers,
teachers and users, including results of the author's own
research.
The literature referring to tactile graphics is complicated
by the fact that much writing on tactile illustrations is
based on the use of illustrations of poor quality and
outdated style, and the oft-quoted pessimism of Merry and
Merry (1933) as to whether tactile pictures have any use at
all is an extreme but not isolated instance of this.
From the practical point of view it is also important to
consider tactile features in context, because the context in
which they appear has a marked influence on their
effectiveness, or indeed on the meaning that people attach
to them.

(Hinton, 1988a, p.13)

Controlled experimentation

has often considered picture components in isolation (Nolan

& Morris,

1971; Lederman

& Kinch,

1979), yet when set within

an illustration their effect may be different.

(Hinton,

1989a)
The teaching environment in which they are used is also a
vital factor for effectiveness.

The writer's own earlier

trials of tactile diagrams confirmed that the performance of
this type of teaching resource was much better where the
pupils were put at ease and were given adequate support than
where they were left to flounder on their own.

(Hinton,
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1988a. p.1S)

This thesis will attempt to link together and

evaluate all of these factors in the use of tactile media.

1.4 WHAT IS THE NATURE OF A TACTILE DIAGRAM?
As tactile diagrams and pictures will be referred to
frequently during this thesis it is necessary to give a
straightforward description of their nature.
Historically the tactile maps and diagrams that were first
produced were collages of textured materials which were
intended to be felt directly.
the visually

impair~d

Obviously when education of

was on scale bigger than one-ta-one it

became a very laborious task to create enough copies of each
diagram for each student to have one (essential for a
comfortable working environment).

When the thermoform

machine for polymer sheet became available for the
reproduction of braille text it was realised that this
process also offered a means of reproducing copies from a
master diagram. and this method became adopted as a standard
technique in the 1960s. with the quality of master diagrams
at that time rarely matching the potential of the means of
reproduction.

Not surprisingly there was much doubt among

teachers about the usefulness of tactiles to blind children.
despite the efforts of pioneers like Pickles (1968) to
improve standards and clear evidence from pupils themselves
that tacti1es could be useful when properly designed and
presented.
In the thermoform method of reproduction the master diagram
is placed on the work-platen of the machine with a thin
sheet of a polymer such as PVC clamped over it.

The

work-platen is then slid under an electric heating element
which warms the polymer to soften it.

After a suitable

delay. controlled by the switch panel of the machine. a
vacuum pump is switched on automatically. and this draws out
air from beneath the polymer sheet to draw it tightly down
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onto the master diagram so as to follow its contours
exactly.

The work-platen is then withdrawn from the heating

element, and after cooling the copy is gently stripped off
the master-mould.

By repeating the process many copies can

be produced from a single master-mould.

Although there may

be slight changes in texture and some loss of definition in
comparison with the original mould, an experienced designer
can allow for this in making the original.

Most of the

tactile pictures made and used by the writer are of this
type.

1.5 MICROCAPSULE DIAGRAMS
An alternative method which has come into vogue since 1980
is the use of microcapsule paper in a method generally
described in England as the Minolta method after the name of
the heatcopier which is commonly used.

(Andrews, S.K., 1985)

The specially manufactured paper used for these diagrams
contains minute PVC microcapsules of an organic solvent.
When a black-and-white diagram is photocopied onto this
paper and then heat treated, the black lines of the diagram
absorb more heat than the white areas and cause the
microcapsules to expand so that the lines of the diagram
swell up above the general level of the paper to create a
tactile shape.
Unfortunately every line is raised to the same extent, so
while this method of production is useful for many diagrams
of an open texture, any diagrams of a more complex nature
will tend to be much more difficult to decypher.

Despite

this, the process is widely recommended, often for
unsuitable tasks, and the reason for this is largely speed
and ease of operation.

The process can also produce images

which are visually clean and appealing however unsuitable
they are for a blind user.

Such diagrams will rarely be

mentioned in this thesis, although there are educational
situations in which microcapsule paper products would
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complement thermoforms and both have a place.
1.6 DRAWING ON GERMAN FILM
A third method of producing a tactile picture involves a
material known as "German film". although there are earlier
materials with similar behaviour known simply as "drawing
film". Sewell film or Melinex. "German Film" itself is a
translucent and lightly textured polymer sheet which was
originally developed as a backing-sheet for medical
wound-dressings. All of these materials lift up to form
what can best be described as "a touch-detectable scratch"
when drawn upon with a simple scriber or ball-point pen on a
soft rubber backing pad. Unlike the other two methods this
is a way of producing a sketch rapidly during an actual
lesson. and it can also be used by blind pupils to make
their own drawings. Its use for both purposes will be
described at various points in this thesis. Its use
complements the other two processes which are for more
formal teacher-presented diagrams. The German film method
lends itself well to the active. two-way learning encounter.
Here again the line produced is less distinct and of uniform
height above the page.

1.7 SCANNING AND LEARNING
Much of the published intensive research on tactile diagrams
(Nolan & Morris; Berla; Bentzen) has been directed at
discrimination. scanning and tracking needs and has been
carried out in the context of a controlled experiment
involving a simple texture or symbol matching test. a
tracking test (often on a carefully-devised "pseudomap") or
some kind of scanning exercise.
Such controlled experiments are a necessary step in the
process of learning about tactual displays in general. and
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particularly about map-like formats.

The important

information which is gained by this kind of research does
not, however, tell the WHOLE truth, even about map use, and
particularly where the more PICTORIAL forms of display are
in use, new contextual factors operate within the overall
perception, and a whole new collection of consideiations
ha5' to be addressed when the tactile is being used to
convey real informatiomn in the classroom.
A similar situation is met by mobility specialists who use a
tactile map to provide way-finding information (Bentzen).
For example, a given texture or symbol must be not only
discriminable, but meaningful in the context in which it is
used.
In picture format it is also clear from the author's
observations between 1985-1990 that with experience and
confidence a blind person may recognise features of a
picture (or an object) quite rapidly, and without first
going through a process of exhaustive exploration and
introspection.

In the author's contact with established

teachers and lecturers working with blind students it is
occasionally said, "Well of course, tactile pictures are
read just like braille.

The fingers scan across the page

serially from left to right and then finally interpret what
is felt".

None of the writer's observations suggest that

this is generally so, although it is possible to think of a
few diagrams whose structure would cause the reader to work
in such a manner.

What generally seems to happen is that

structures and components quickly emerge from the picture as
a gestalt during the preliminary touch of the page, and that
meaning is then attached to these by the reader (see also
pp.78ff. of this thesis).
quite rapid

Recognition can be in some cases

so rapid that it appears to be instantaneous.

As this thesis stresses repeatedly, this recognition only
comes as a consequence of more fundamental handling
experience, operating on two levels:

(a) the level of simple
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shape in the geometrical sense; and (b) the level of form
and organisation as found in the sUbject-matter under study.
For example: an apple is identified first as a slightlydeformed circle or sphere, and then it is recognised within
a subject context as fruit and apple.

As the percept takes

shape at each level the reader may need to check the
presence or absence of additional minor features to select
the most likely contenders from a range of possibilities
before eventually arriving at a diagnosis.
1.8 METHOD OF READING TACTILES
There are fairly definite strategies for the reading of
braille text, which are universally taught in order that the
reader keeps his/her place and doesn't overlook anything.
This may include the co-ordination of two hands, or the use
of one hand as a place marker while the other reads.

It is

more easy to miss things by touch than when reading
visually.

Berla (1972) investigated the use of similar

reading strategies for tactile maps and did not reach such
clear-cut conclusions.

His only generally applicable

conclusion was that SOME systematic strategy was beneficial
in ensuring that important features were not overlooked, but
of several possible approaches which he encountered, it was
not very important WHICH one was adopted as long as the
reader was in some way systematic.

Unsystematic readers did

tend to make errors and overlook things.
Berla's tactile maps, like most such examples, were in a
clearly defined rectangular format.

The writer has found

that his own diagrams, which are rarely so framed, need to
be approached with even more flexibility, although the need
to ensure that the preliminary hands can is all-inclusive, is
still important.
As will be described elsewhere, when a more experienced
blind user approaches one of the more pictorial
representations, rapid conclusions can be drawn from an
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early partial exploration of the picture, and this may be
sufficient to convey the necessary information.

Part of the

per~on's education needs to be directed towards

strengthening the judgement which allows the reader to
decide when enough information has been obtained or when,
conversely, a display needs to be explored more thoroughly.
A blind reader needs to learn to take risks, backed up by
considered judgement, in order not to be permanently
handicapped by slowness.

Part of the research described in

this thesis is concerned with the underlying mechanisms by
which the tactile pictures can be read and understood.
one is to understand these fully,

If

it is necessary to know

some of the neuro-physiological basis of touch perception
and this will be described in Chapter 2.
All of the types of diagram discussed in the first few pages
of this thesis have their tactile counterparts. The ease
with which they can be read will depend upon whether they
are closely related to things that can be felt with the
hands or whether they have some obvious variant which can be
learned and associated with mathematical or other
information.

Every new situation may require its own

special kind of information but the reader must be taught to
approach all diagrams and pictures ina manner which is
likely to extract any necessary information from the tactile
page.

The features of an adequate educational curriculum to

make the best use of these diagrams will be discussed later
in this thesis.

1.9 PICTURES AS A VISUAL PHENOMENON
This thesis will consider pictures as a visual phenomenon
besides dealing specifically with tactile pictures and
tactual perception because the overwhelming majority of the
writing on picture perception deals with the pictures of the
visual world.

It would be unwise to make too great a

digression in this direction, but there is copious
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information on the perception of pictures and natural scenes
from those concerned with perception in animals (Sutherland,
1963); from those concerned with cognitive research
(including more recently those whose interest is related to
object recognition by computers and in aspects of artificial
intelligence)

(Watt, 1988) and finally from those interested

in picture perception from an artistic or art-historical
standpoint.

(Gombrich, 1960)

Because these insights contribute to our understanding of
how a visual image is understood they have potential
relevance to our response to other (e.g. tactual) sorts of
image and some of them will be discussed further in Chapter
Nine of this thesis.

The next chapter deals with tactual

perception as it has been, and is currently, understood by
the anatomists and neurophysiologists.

Much of this deals

with sensation at the level of individual nerve-endings.

As

J.J. Gibson (Reed & Jones, 1982, p.351) points out: "having
sensations is not perceiving", but it does involve the use
of the sense organs to collect information, so that it is
important to know how this information is collected,
transmitted and processed in order to validate psychological
and educational hypotheses.
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CHAPTER TWO

THE PROCESSING OF TACTUAL SENSATIONS

2.1 ANATOMY OF TOUCH RECEPTORS
It is the intention here to describe only as much of the
anatomy and physiology of nerve endings and the nervous
system in general as is necessary to understand those
aspects of the processing of tactile input which are
relevant to diagram use, and to follow the psychophysical
research which underpins most of our educational knowledge
in this field.
The sense of touch as considered in this thesis works
through the processing of signals received through two main
groups: those receptors which are located within the skin;
and those which are attached to muscles and in the region of
skeletal joints.

Both of these groups are relevant to the

processing of tactile information, although it is those in
the skin which are most thoroughly considered here.
Nevertheless, the nerve endings in the muscles and joints
provide important information on body position, relative
movement and resistance to movement which is part of the
general array of sensory information processed by the
central nervous system.
This component of the array is generally referred to as
kinaesthetic information, and its importance in tactual
perception is generally recognised.

In fact, the value of

active, exploratory action (in contrast to passivity) in
providing rich sensory information on which to act has long
been recognised (Sherrington, 1900; Katz, 1925), although
there have been experiments which seem to suggest the
opposite, as in those of Magee

& Kennedy (1980) which seem

to suggest that a passively-held finger is more capable of
interpreting raised line pictures than a finger which is
allowed to scan the page actively, although their
conclusions were immediately criticised, both for the
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validity of their experimental conclusions (Richardson

&

Wuillemin, 1980), and for the relevance of these results to
the actual situation of blind people (Vermeij, 1980). Magee
and Kennedy were experimenting on blindfolded sighted
subjects and Vermeij felt this was an inadequate substitute.
Richardson and Wuillemin (loc. cit.) raised a number of
relevant issues, including the question of whether
deviations from a diagram line which is to be tracked are in
fact irrelevancies as Magee and Kennedy suggested, or
whether instead they are important error signals which yield
useful information.

Coquery (1978) working with human

subjects and with cats raised the related question of
apparent neurological "noise", that is nervous discharges
which appear not to contribute to a known signal pattern.
Coquery concludes (Ibid., p.168) that even such impulses may
contribute to the final perception in some way which is not
yet understood.
Recent clinical experiments with live human subjects on
fingers disabled by anaesthesia or other means have
confirmed the importance of kinaesthetic information to the
use of touch.

(McCloskey

& Gandevia, 1978)

Many anatomical types of dermal nerve endings have been
identified under the microscope, and in the past
submodalities of touch sense have been assigned to each type
exclusively, notably by von Frey.

(1895)

However, von Frey

made this assertion largely on the evidence of statistical
correlation between specific anatomical types of receptor
and the measured sensitivity to specific sensations in,
various areas of the skin.

The experimental vulnerability

of this comparison led to von Frey's suggestion of modality
- specificity later being swept aside in favour of the
"pattern theory" which has only in the 1980s been in its
turn discarded when neurological microprobes have made it
possible to collect more accurate information and make valid
one-to-one comparisons.

The nature of this argument is
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discussed more fully elsewhere.
Touch receptors in the skin fall into two main types
structurally: the so-called "free nerve-endings" which are
simple branched prolongations of the adjacent nerve axon;
and encapsulated nerve-endings in which the axon ending is
surrounded by a layered capsule of tissue rather like the
bulb of an onion.
Although there is no doubt that the free nerve endings
receive and transmit signals of a particular type and have
been associated with pain and temperature sensation in the
past, there is also evidence that during the natural growth
and regeneration of the skin some encapsulated nerve endings
lose their outer layers to become denuded of the capsule and
transformed into free nerve endings, after which they would
tend to react to haptic information in a changed way.
(Quilliam, 1978, p.7)

This is not easy to demonstrate

because anatomical preparations take a "frozen" slice at a
given time, which is then killed in preparation for the
microscope so that its progress cannot be followed any
further. Some writers (eg Bach-y-Rita, 1972, p.1S) seem to
imply the opposite development of a capsule around what was
originally a free nerve-ending. Although that may have been
so in evolutionary terms, the

histologic~l

evidence of

tissue ageing effects seems to point the other way.
Nevertheless, even if this denudation of some encapsulated
nerve endings is a regular occurrence it does not negate the
tendency of nerve endings at anyone time to transmit
preferentially certain types of impulse.
The other nerve-endings described from microscopical
examination fall into one or other of these categories or
are linked directly to muscles,

joints or tendons whose

position and movements they monitor directly.

The

importance of this kinaesthetic information to touch
perception in general has already been mentioned.
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In fact about fourteen different anatomical types.of nerve
ending have been identified, most of which have been named
after the discoverer. Some of these types are found in
particular locations in the skin.

Eight are generally found

in piliferous skin, and the others in glabrous skin.
Despite this profusion of types it is those which are found
on the hands and particularly on the fingertips which are of
most interest to us in dealing with tactile perception, and
it is in the fingertips where we find such nerve endings at
their highest concentration.

This high concentration of

nerve endings is of importance in discrimination tasks
because ideally for the separation of two punctate stimuli
it is necessary to have an unstimulated or inactive nerve
ending between the two contacts,

oth~rwise

two close stimuli

can be felt as one wide contact.
There has been a great deal of experimental work on this
type of discrimination task, typically in the classic
two-point limen test in which two bristles or other
convenient implements are touched on the skin at a
comparatively wide separation distance and then gradually
moved closer and closer together until the two stimuli are
perceived as one.

The closest distance at which they can be

separated is recorded and used as a measure of the
sensitivity of each area of the skin.

The two-point limen

test provides useful data from which to make comparisons
between various areas of the body surface.

The fingertips

and lips are found to be particularly sensitive.

Active

tactile exploration is normally carried out by the
fingertips in all but the youngest babies who first use
their lips and tongues.

(Warren, 1982)

There is evidence

though, that the two-point limen consistently underestimates
the sensitivity of the skin to the stimuli of everyday life.
In fact, two-point limen measurements have to be made with
care and used critically, because practice with this test
can produce an improvement in performance, while on the
other hand fatigue and boredom are known to depress the
results.

(Boring, 1942, p.475)

DIAGRAM
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For the purpose of this thesis four of the most important
receptor types are shown on the diagram opposite, and their
positions relative to the skin layers and adjacent organs is
indicated.

The diagram is much simplified by leaving out

structural detail which is superfluous to later discussion,
and only attempting to indicate the kind of position
relative to adjacent tissues in which each type of receptor
is found.

The other more specialised anatomical types are

found in similar positions, either in glabrous (smooth) or
piliferous (hairy) skin, and although some of them have
quite specific importance they do not affect this thesis,
and so will not be separately described.

2.2 EFFECTS OF ADJACENT SENSORS AND OTHER TISSUES
It has already been mentioned that discrimination of point
stimuli is best if two points are detected by two separate
nerve endings with unstimulated nerve endings between them.
Neurophysiologists have also found examples of significant
inhibition effects from adjacent nerve endings.
There are also situations in which the inertia of other
(non-nervous) tissues can modify vibrations and other
movements of the skin surface, and thus the type of signal
actually presented at the nerve-ending.

Lederman (1978) has

investigated shear effects at the finger-tips during active
exploration, and also the effects of a thin sheet of papgr
interposed between the skin and the object to be felt, which
is a traditional way of enhancing finger-tip detection of
blemishes in several crafts.
One of the remarkable phenomena of touch is the way in which
objects can be perceived as existing at the end of

(say) a

long cane or a screwdriver, or on the other side of a glove
or other barrier even though the actual sensation must be
experienced at the skin surface.

Thus a man laying his hand

on his trouser leg may be able to perceive two or more
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layers of clothing material and the bunch of keys within the
trouser pocket all at the same time. Such phenomena hint at
the full complexity of tactual sensation and at the
hierarchy of levels on which the information is processed by
the central nervous system.
As there has been a great deal of argument over the past
century about the precise significance for tactual
perception of these various structures, and about the way in
which the information which they collect is processed and
understood by the central nervous system, the most important
historical arguments will be summarised and discusssed as a
prelude to a description of the current state of knowledge.

2.3 PAST ATTEMPTS TO EXPLAIN THE RELATIONSHIP BETWEEN
CUTANEOUS SENSATION, NERVE,IMPULSE AND OBJECT PERCEPTION
It is not the intention here to embark on an exhaustive
survey of the historical development of knowledge and
theories about cutaneous sensation (Sinclair, 19b7), but it
is important to understand the development of the main
schools of thought, and in particular those aspects of
earlier theories which remain intact, in order to understand
the relevance of recent research work and to attempt to
correlate psychophysical and anatomical research findings
and philosophical argument with educational experience.
It
was Johannes Muller (1842) who recognised that the brain
could receive information about external objects only
through the sensory nerves, His suggestion that fibres from
the skin transmit information to special somesthetic areas
of the brain and not to other areas specialised for auditory
or visual projection, remains valid today. Von Frey (1895)
attempted to extend this theory by proposing four cutaneous
modalities of sensation, each detected by a specific type of
receptor. Touch, according to Von Frey, was recognised by
the Meissner Corpuscles and hair cells, warmth by the
Ruffini end organs, and cold by the Kraus end bulbs, with
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pain being sensed by free nerve endings.

This assumption

was mainly supported by a rather crude statistical matching
of sensation with observed numbers of nerve endings of the
given types.

No investigator has been able to repeat the

observations or to achieve the matching of sensation and
nerve endings which Von Frey claimed to have found.

It is

. this aspect of von Frey's theory which is the least
satisfactory.
Nevertheless. Sherrington (1900. page 995) was able to
enshrine one of the'essentials of Von Frey's theory in words
that remain valid by today's understanding:
"The sensorial end organ is an apparatus by which an
afferent nerve fibre is rendered distinctly amenable to some
particular physical agent. and at the same time rendered
less amenable to. ie. shielded from. other excitants.

It

lowers the value of the limen of one particular type of
stimulus; it heightens the value of the limen of stimuli of
other kinds."
{Note:
afferent = leading TOWARDS the central nervous system and
efferent = leading AWAY from the central nervous
system (ie motor fibres)
limen = the smallest distance at which two point stimuli
can be detected as separate points.}
Apart from the dubious anatomical assumption that definite
receptor types recognise each of the four touch modalities;
the most questionable part of Von Frey's theory is the
assumption that touch experience bears a one-to-one
relationship to a single stimulus dimension and to a given
type of skin system from each receptor to specific receivers
in the brain which is no longer held to be valid.

There is

considerable evidence that there is no simple one-to-one
relationship between perceptual dimensions and the
dimensions of the stimulus.

There is. in any case.

DIAGRAM
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disagreement over Von Frey's original concept of four rigid
modalities of experience.

Some later workers tended to

further subdivide tactile experience into yet more discrete
"modalities" (Boring, 1942, p.34) whereas others reacted in
a more holostic or integrated way while recognising that the
final subjective experience can take many forms

(Ibid.).

Also the assumption that a physical stimulus is
differentiated in four rigid modalities entirely at the
receptor level, can no longer be held.

(Quilliam, 1978, p.

11)

Although the original names for the various forms of nervous
receptor end-organ remain in widespread use, the receptor
end-organs are now more generally classified by
neurophysiologists (

~.g.

Vallbo and Johansson, 1978) in

four groups as Rapidly Adapting "RA", Slowly Adapting "SA"
types 1 and 2. and PC receptors.

(The last-named believed

to be equivalent to the microscopically-observed Pacinian
Corpuscles).

These receptor end-organs will be discussed in

more detail in connection with the work of Vallbo's research
team, but their simple diagram of the characteristics of the
four groups of nerve-endings is reproduced opposite.
A further area of confusion arose from the observation that
the conduction velocity of nerve impulses varies with nerve
fibre diameter.

An attempt was made to associate each

fibre diameter .group with a particular sensory modality.
(Bishop and Clare. 1955)

These theories are not supported

by more recent observations. although there is no doubt that
variations in nerve fibres do affect the transfer of
sensations.

An attempt was also made to link these findings

with a theory of phylogenetic development.

However,

available experimental evidence seems to suggest only a
loose association of function with fibre diameter.
What is becoming clear. however, is a broad division between
sensations with no topographic pattern, which are carried by
the lateral spinothalamic region of the spinal column. and
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those dealt with by the medial lemniscus, which are fast and
can be precisely located, and vary quantitatively with the
strength of the stimulus.

(Mountcastle, 1961; Guy ton, 1981,

pages 113ff)
Al t.hough there is cons iderable evidence that central
somesthetic pathways are specialised for the transmission of
particular kinds of information, there is no evidence that
would allow us to assume that each pathway carried
information about a single physical dimension and can give
rise to only one psychological sensory dimension.

Indeed

there is ample evidence for the convergence of sensory
information at various levels in the nervous system to allow
for summation of impulses from more than one neuron, and
also for the instigation of secondary neural action as a
result.

There can also be divergence,either to amplify a

signal by spreading it to a wider array of parallel neurons,
or alternatively to pass the signal to more than one
destination so as to cause different kinds of nervous action
as a consequence.

This is all part of the normal working of

the central nervous system, so the simple all-or-none rule
which is described for nerve action applies only to the
impulse within a single nerve axon, and not at higher levels
of nervous action where graduated responses may be found.
The alternative theory of touch perception, which was
generated in response to the above theories, was the
suggestion that touch perception is solely a matter of the
patterning of nerve impulses from an array of sensory nerve
endings.

Sinclair (1955) describes the essence of this

theory thus:
"It seems more likely that one and the same type of ending
can mediate different kinds of sensation according to the
physical conditions to which it is exposed".

The suggestion

here was that receptor type was not important; it was the
overall pattern which was informative.
There is evidence that this theory, too, in its most
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absolute form was based on imperfect physiological evidence.
Where nerve fibres appeared the same under the microscope
they were assumed always to behave the same, and this has
been found not to be the case.

(Nathan, 1976)

This pattern

theory was too vague to provide an adequate account of all
touch perception, and is now abandoned by some of its main
proponents.

(Ochoa, Torebjork

& Culp, 1983, p.381)

An alternative formulation was made by Melzack and Wall
(1962) in the following terms.

(The comments in

brackets are the present writer's own explanation of what
Melzack and Wall are saying.

Statements without such

comments are felt to be self-evident.)
Thus :
n(l) Skin receptors have specialised physiological
properties for the transduction of particular kinds and
ranges of stimuli, into patterns of nerve impulses, rather
than modality-specific information.
(2) Certain aspects of temporal and spatial patterns of
impulses produced by stimulation of the skin may be filtered
out pre-synaptically by the properties of terminal
arborization.

(Here they are commenting on the varying

ability of different nerve endings to respond to, and
conduct away signals from a stimulus.

This may filter out

some features from the impulse patterns.)
(3)

C~ntral

cells can detect some characteristics of stimuli

from the impulse patterns arriving from the skin by their
properties of threshold, temporal summation and adaptation
(cf. Vallbo> 1984).

(Parts of the central nervous system

behave differently in the way they transmit, and respond to,
trains of nerve impulses and this can help to characterise
stimuli.)
(4) Central cells can detect some characteristics of stimuli
from the impulse patterns arriving from the skin by their
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property of spatial summation.

(The spatial array of

parallel signals arriving together is an important source of
information.)
(5) Central cells can detect some characteristics of stimuli
from the impulse patterns arriving from the skin as a result
of the special connections of afferent systems.

(The routes

by which signals arrive, and the special cross-connections
of some parts of the nervous system also provide useful
information.)
(6) More than one nerve impulse from a single afferent
fibre, or more than one fibre carrying single nerve
impulses, is essential for central cells to detect the
characteristics of sensory stimulus.
(7) The somesthetic system is a unitary integrated system
comprised of specialised component parts.

(In that part of

the nervous system which processes bodily sensation,
although there is specialisation, the whole system functions
as one integrated unit in dealing with available
information.)
(8) Every

discriminably different somesthetic perception is

produced by a unique pattern of nerve impulses."

Meh.a.ck Met Wan,

(19b~)fP·3S3-3H.

In other words, Melzack and Wall are criticising the pattern
theory on the grounds that it gives no very clear account of
the genesis of the pattern in the periphery.

They propose

an eclectic theory in which the stimulus-specificity of the
end organs should be retained, but in which full value
should be given to the importance of the analysable patterns
which these end organs generate and propagate throughout the
nervous system.

In other words, the pattern theory can be

modified to accommodate both complete stimulus-specificity
on the one hand and a complete lack of stimulus-specificity
on the other.
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The facts as they appear at the moment seem to make it
certain that at all stages of the sensory message, from the
endings in the periphery to its central destination, there
are varying degrees of "specificity" of response.
definitive theory must take this into account.
1967, p.378)

Any

(Sinclair

This much of von Frey's theory can be

retained, although the experimental evidence which he used
to support it appears now to be seriously flawed.

2.4 CENTRAL PROCESSING
Although it is becoming clear that the stimulus specificity
of the individual nerve endings is important in the
collection of accurate tactual information for
interpretation and use, and the pattern theory as originally
formulated seems not to account for the observed phenomena
of haptic perception it is, nevertheless, with patterns that
the mind deals.

It also needs to be stated that the sensory

component only supplies part of what is perceived in
touching something; the memory with its stored record of
relevant earlier tactile encounters is a vital resource for
making sense of the incoming sensations, and it is this
inner component of tactile perception which occupies much of
the attention of the educator.

The educational process,

inasmuch as it contributes towards the effectiveness of
tactual perception, could be described as adding to the
total of remembered feelings such experiences as will
provide the reference points from which to diagnose,
interpret and evaluate new experiences.

J J.Gibson (1966)

in fact questioned the importance of the actual tactile
sensations to the final perception, and this psychophysical
point-of-view is discussed in Chapter 3.

Sensory information is carried through the central nervous
system via one of two parallel pathways in the spinal
column:
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(a) The dorsal lemniscal system. which yields fine position
location information and fine gradations of stimulus
intensity allowing accurate judgement.
(b) The anterolateral spinothalomic system. which gives rise
to more diffuse and generalised sensations such as pain.
thermal sensations. tickle and itch and sexual sensations.
Localisation through this pathway is not so precise.
However, not only do these two pathways run in parallel but
there is generally much duplication of impulses through
bundl.s of nerves so that some useful information can be
. obtained when there is damage to some of the nerves or even
when the brain itself is locally damaged.
It must also be said that simple modality specificity cannot
alone account for all the diversity of sensations which we
experience.
The nerve endings alone do not account for all of the
tactile sensations we receive, because in travelling to the
higher reaches of the central nervous system, and
particularly at every synapse there is some modification of
the signal. although the evidence is that the original
signal is transmitted with reasonable fidelity.

2.5 RECENT ADVANCES IN KNOWLEDGE OF CUTANEOUS SENSATION
Many recent advances in our understanding of tactual
perception have come about by the use of increasingly
sophisticated apparatus and techniques, often at the level
of single afferent nerve endings.
The convention for the naming of nervous receptors put
forward by Vallbo and Johansson (1978) has already been
mentioned.

Their RA type receptors appear to correspond to

the Meissner corpuscles. and the PC receptors of course to
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the long-established Pacinian corpuscles.

The Rapidly

Adapting receptors are believed to make a strong
contribution to spatial discrimination ability, whereas the
Pacinian corpuscles appear to be able to pick up vibrations
and high frequency transients (which are important in
texture discrimination among other things).

The Slowly

Adapting Receptors Type 1 correlate with the Merkel discs
and also contribute to spatial discrimination ability.

It

is significant that both they and the RA1 endings are
considerably more concentrated in the finger tips which are
particularly sensitive and in constant use by skilled blind
peo~le.

The evidence seems to point to the Slowly Adapting

Type 2 Receptors being the Ruffini endings.

These are known

to be sensitive to tangential -forces, and are believed to
supply information on joint position and shearing forces to
the overall tactual percept.
Before describing more recent work on the part played by
individual nerve endings it is necessary to understand how
the researchers were having to deal with a lack of precision
in the prevailing nomenclature, because it causes changes in
terminology from this point on.

The situation is best

described in a quotation from Vallbo
"The fast-adapting units, FA1 and FAll, which presumably are
connected to Meissner corpuscles and Pacini or Golgi-Mazzoni
endings have previously been designated RA or QA and PC.
However, these terms are inadequate, often confusing and
getting more and more loosely used in papers dealing with
peripheral as well as central mechanisms.

For instance, it

is often not clear whether RA refers to activity related to
a particular kind of afferent units or just to any rapidly
adapting response regardless of origin.

It would therefore

be an advantage to adopt a semantic that strictly refers to
the functional properties of the primary afferents and
clearly differentiates between the separate unit types."
(Vallbo, 1984, pp165-166)
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From this point on Vallbo substitutes the designations FA1
and FAll for his previous usage RA and PC, and confines
these descriptions to the activities of specific afferent
units.
The approach adopted by Vallbo (1984) in the next stage of
his research was to investigate the threshold levels of
nervous sensation in various parts of the hand, and to use
this data to elucidate the contribution of various types of
nerve endings to tactual perception.

Previous workers had

argued about whether this threshold was set by the
peripheral sense organs themselves or by some characteristic
of the central nervous mechanisms.

It had been realised for

some time (Hecht, et al., 1942) that some previous
experimental results were confused by variations in the
applied stimulus.

Vallbo and Johansson (Vallbo, 1984) were

able to do very careful experiments with a small probe which
indented the skin at slow speed to minimise the danger of
exciting more remote nerve endings sensitive to high
frequency waves passing through surrounding tissues.
They found psychophysical thresholds clustered around 10mu
for large areas of the glabrous skin of the hand, but in the
centre of the palm and some other less-sensitive areas a
strikingly higher threshold of 30mu.

They pointed out that

the detection thresholds of the SA units were too high to
account for any of these threshold levels, whereas the two
types of FA units had threshold levels of IOmu wherever they
occurred.

(Vallbo, 1984, p.166)

From this it would appear

that the nature of the absolute detection threshold may not
be universally set either by the nerve endings or by central
mechanisms.
Other data (Ibid, p.167) seemed to suggest that substantial
"noise"

(in the sense of uninformative stimulation) was

added to the signal at central levels of the nervous system
in certain areas, because a much greater stimulus amplitude
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is required to produce a signal of uniform size.
Microstimulation methods were also available to Vallbo's
team (Ibid, p.168) and by these techniques it was possible
to electrically excite an identified nerve ending in alert
human subjects.

Sensation was reported when only one single

pulse was delivered with several units of the FA I type.
With the SA I units, on the other hand, not only a long
train of pulses was required, but also the rate had to
exceed at least 10 pulses per second before a sensation was
reported.

Thus, the SA I units not only had a higher

threshold to mechanical stimulation but their perceptive
power seemed to be much lower when defined by the number of
impulses required to produce a sensation.
In certain areas there is no significant noise in the CNS
because a single impulse from one FA I unit gives rise to a
response.

In regions which have less tactile significance,

the threshold seems to be set by central mechanism rather
than by the endings, and considerable noise appears to be
present in central structures which handle the information
from the skin areas.

2.6 INTRANUCLEAR MICROSTIMULATION (INMS)
Ochoa and Torebjork and their associates have recently been
able to record the impulses from single sensory units and to
use the same microelectrode to stimulate the nervous system
with similar impulse trains, and then to compare the
incoming natural signal with the message perceived by the
brain in response to the INMS.

This was done by the use of

a minute lacquer-insulated tungsten electrode introduced
into the median or ulnar nerves at wrist or elbow level, and
identifying a single mechano-receptor unit by careful
recording and mapping of the receptive field.
(Torebjork Ochoa

& Schady,

1983; Schady et al., 1983;
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Ochoa, et al., 1983)
It is thus possible to compare the contents of afferent
messages artificially delivered to a range of sensory units
with the subjective attributes which they evoke in terms of
both magnitude and quality.

(Ochoa, Torebjork and Culp

1983, p.382)
In fact the probability that nervous codes varying only in
their impulse frequency could be decoded as intensity of
stimulus was put forward by experimental work performed as
early as the 1920's.

(Adrian

& Zotterman

1926)

Their work has shown that QUALITY is normally decoded from
different kinds of afferent channels, but that MAGNITUDE can
be assessed from the messages of single units.

Localization

is also possible by pinpointing the impulses of single
receptors on the brain's map of the hand.

It has also been

possible to compare impulse patterns with perceived
sensations during paresthesiae from ischaemia caused by a
restricting sphygmomanometer cuff.

It was shown that a

change in the pattern of trains of impulses does not cause
this, but that different types of primary sensory units
react in their normal way, and then a wrong interpretation
is put upon the information which they transmit because of
such things as random firing as bloodsupply begins to
return, and high frequency signals may be temporarily caused
by the bunching-up of impulses as activity reverts to its
normal level.

Quality is distorted because sensations

evoked by activation of single units are pure, elementary
sensations of an un-natural kind.

Normal sensations are

blends.
This work thus supports the specificity theory of von
Senden, but with more substantial evidence, and it seems to
overthrow the pure "Pattern theory" which even Weddell, one
of its founders, rejected by 1981.

(Ochoa, Torebjork

& Culp,
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1983, p.381)

2.7 SUMMARY OF NEUROPHYSIOLOGICAL OPINION OF THE WAY IN
WHICH TACTUAL INFORMATION IS PROCESSED
It is thus clear that there is a degree of specificity of
response in touch sensors which is dependent on their type,
position and the effects of adjacent tissues. There is, for
example, evidence that the dynamic Rapidly Adapting
receptors are best-equipped to create a spatio-temporal
image of a textured surface being explored by the moving
hand, whereas the static Slowly Adapting sensors are better
able to recreate a spatio-intensity image of the contour and
force of objects compressing the skin.
(Torebjork, Ochoa &
Schady, 1983,p.180)
In normal situations this dichotomy would never occur,
because there would in fact be an array of many receptors
all making their contribution to the complex messages
received-by and interpreted-by the brain. It should also be
emphasised that no part of the body is ever strictly static
for any length of time, and that even minute changes in
pressure and configuration give information which is greatly
enriched by the change.
There are also specific responses in the higher reaches of
the nervous system from such factors as nerve size, and the
incorporation of other sensations contributed by separate
sources, and from modifications to the signal during its
passage through the body, although all evidence suggests
transference with considerable fidelity.
It is also clear that superimposed upon these highly
specific responses there are overlying pattern effects of
both spatial and temporal kinds which contribute to the
final perception of the outside stimulus. In fact
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psychophysicists such as Gibson have been suggesting an
over-arching process of this nature from a different vantage
point (Gibson, 1966) and this accords well with the writer's
own educational observations and other fieldwork.

It will

be also necessary later in this thesis to make reference to
the effect of memories of previous incoming sensory
information, for it is only with a memory record built up
gradually that we begin to learn in earliest infancy to
interpret the welter of incoming sensations.
1982, p.370)

(Reed

& Jones,
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CHAPTER THREE

THE PSYCHOPHYSICAL VIEW

3.1 PSYCHOPHYSICS
Before discussing in detail the specific features of tactile
diagrams and pictures and educational considerations related
to their use it is necessary to review some of the work of
one more group of experimenters and thinkers who do not
approach tactual perception from the medico-physiological
direction, but from the perspective which has become known
as psychophysics (although many of its practitioners would
describe themselves simply as "psychologists").

In fact

this field of study has a long tradition which includes such
pre-war researchers as Troland (1929, pp.299, 356), and even
philosophers such as Berkeley (1709, p.79; see also Warnock,
G.J., 1969, p.49) and Thomas Reid (1764) in earlier
centuries.

This field has been dominated in the twentieth

century by David Katz (1925) whose work took longer to
spread through the English-speaking world because it was
originally pUblished in German, and then more recently by

1\e-\.

ll •• cl." :r.~es

J.J. Gibson A (1982) and it is Gibson's hypotheses which will
be examined in most detail in this chapter, and then"
returned to in Chapter 8 during consideration of pictures.
It was Katz (loc cit.) who first put emphasis on the richer
perc~ptions

which were gained by exploratory action with its

associated feedback (as compared to the sensations from
passive organs or indeed passive bodies) and Katz used the
term "Active Touch" to describe this quite normal level of
tactual perception, although Sherrington (1900) first
contrasted active and passive touch perception.

Recent

observations on young animals deprived of an active touch
regime have underlined the importance of what Katz was
describing.

(He Id & He in, 1963)

Gibson (1966) has also done

a great deal to synthesise observations and explanations in
psychophysics.
Alongside this work it will be helpful to describe the
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development work of the team responsible for the Tactile
Vision Substitution System (TVSS) in the Department of
Visual Sciences at the University of the Pacific, San
Francisco. (Bach-y-Rita, 1972) Although from its recent
publication record this team does not appear to have
fulfilled its original aim of producing a viable visual
prosthesis for navigation purposes, and some members of the
team now express doubts about using the skin to obtain
visual space information (Craig & Sherrick, 1982, p.21S),
its laboratory investigations and training courses (not to
mention the writings of some of its trial subjects) have
shed further light on tactual perception phenomena as a
by-product of the development work.
As the description of this project contains nothing which is
in logical contradiction to the theories of Katz and Gibson
it will be discussed first, and some of the published
comments of the congenitally blind Gerard Guarnerio (1974;
1977), one of the experimental subjects for TVSS, will
provide an introduction to Katz and Gibson's work.

3.2 TACTILE VISION SUBSTITUTION SYSTEM
Bach-y-Rita and his colleagues originally developed the
tactile vision substitution system (Bach-y-Rita et aI, 1969;
Bach-y-Rita, 1972, p.1) as a promising route to a possible
prosthetic device and although it does not appear to have
lived up to this original practical promise, the development
work has more general implications.
The device in its refined form consisted of a 20 x 20 array
of vibrators attached to the back of a dentist's chair and
in close contact with the flat area of bare skin on the
lower back of the subject. This array was electronically
linked to a closed circuit television camera which was used
for scanning the objects to be explored. This created a
pattern in which vibrating pads corresponded to the shapes
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on a visual display thus creating a crude tactual array
similar in quality to the images of a football stadium
scoreboard or an electronic motorway gantry sign.
It was discovered quite early in the research that blind
subjects could learn to interpret these "images", but that
they did so more readily if they were able to control the
camera themselves rather than be passively presented with an
array.

(Ibid., p.2)

The operator was able to control the

pan, zoom, focus and aperture of the camera, and the first
few hours of the training of subjects was in fact devoted to
the learning of camera techniques.

Opportunity to retrace

the scanning route or to vary the camera viewpoint was
extremely valuable in making judgements with regard to the
"target".

It is noted that this experience accords very

well with the comments of Katz (1925), Gibson (1966) and
others about Active Touch.
Subjects then began to learn the discrimination of vertical,
horizontal, diagonal and curved lines and then to recognise
objects like a telephone, a cup, a chair etc.

With practice

recognition time began to be reduced from upwards of 20secs
to as little as5secs.

They later progressed to layouts of

two or more objects, and could identify objects from parts
such as the cord of the telephone.

They learned to identify

letters on a board and to discriminate between people.

Some

could even discriminate between photos of laboratory staff.
Subjects actually discovered for themselves visual concepts
such as perspective, shadows, shape distortion with
viewpoint, apparent change of size with distance and so on.
All experienced blind users said that after a while they
felt the object perception or image as being somewhere other
than on the back.

Some in fact said they felt it as being

in front of them where the visual image would be expected.
However, Guarnerio, a philosophy student who was blind from
birth and one of the most self-aware of the blind users,
disagreed with the latter opinion.

He did not feel the
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image as being perceived in front of him although he agreed
with the more general statement that after a while it was no
longer felt to be on the back but "somewhere else".
(Guarnerio, 1974, p.104)
Despite Guarnerio's assertion, there is no doubt that one of
the subjects of the experiments reacted to the image as it
was in front,

in what was probably the most dramatic single

incident from the research.

While objects including a

chequer board were being scanned on a small table one day,
the board fell forward and struck the blind subject on the
head.

The experimentor was able to discuss this incident

and the changes seen in the tactile image as it happened
with the blind subject.

Shortly afterwards, without

warning, the experimentor recreated the "looming" effect of
the image electronically for the same blind subject who,

in

response, ducked to escape being struck on the head with the
chequer board, even though the board was in reality safely
resting on its table.

It should be pointed out however,

that this experience only took place after a number of
practice sessions involving both the electronic/vibrator
apparatus and the opportunity to correlate its "image" with
what could be felt of the real objects with the hands.
In relation to his own experiences as a subject for the TVSS
experiments, Guarnerio suggests that there are two
essentials for the working of sensory substitution systems,
namely, the plasticity of the senses and an information
based theory of perception.

(Guarnerio, 1977, Chapt.2)

It

is possible for the brain to receive information on the
environment from a channel quite different from the normal
one, to the extent that it could identify features and begin
to react/respond to them.

Quite apart from its more general

perceptual implications, this appears to hold out good
reason for optimism about the communication potential of
tactile pictures of various sorts, if they can be designed
in such a way as to bear any necessary information.
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It is interesting to note in relation to TVSS subjects
generally that there were some experienced users who
described the "waterfall"

illusion, which is normally

experienced as a visual illusion, only here they were
experiencing it via the vibrator array on their backs.

This

illusion is the perception of continued movement experienced
when a stimulus, previously moving, stops.
In his Ph.D. thesis on "The senses and the perception of
space" Guarnerio (1977) takes the perception of space to
mean the ability to perceive things, their structures and
their relations .to one another, and suggests that that is
the criterion which should be used to decide whether a
particular sense is capable of perceiving space or not.
believes that "embodiment"

is a necessary condition.

He

By

these criteria vision alone is insufficient to perceive
space, but vision and kinaesthesis is sufficient.
is sufficient.

Haptics

The blind only perceive space by

intellection, not by senses alone.

There are two kinds of

perceptual space: visual space and tactual space.
Guarnerio points out the uniqueness of certain properties of
vision, namely the ability to transport the perceiver from
the realm of environmental distance to that of mental
distance, and the logical inseperability of perspective from
all visual percepts.

However, Guarnerio points out that no

sense is entirely simultaneous or entirely sequential.

Both

Lashley and Gibson reached the same conclusion (Bach-y-Rita,
1972, p.72), and examples of almost instantaneous response
from tactual contact are a regular feature of the present
writer's classroom experience.

Conversely, we tend to

overlook the need for a changing sequence of visual input
for a reliable assessment because this sequence is condensed
into a very short time-span.
An infant acquires first tactual space and then visual
space.

It is widely observed that in the infant, oral

contact precedes manual contact.
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In discussing this early child development, Guarnerio
mentions four developmental stages listed by Warren.
Although the manifestations of this sequence are well-known
to most parents of young children, Warren's list separates
the four phases in a way which is helpful to this
discussion, so they are listed here:
"1. The integration of vision and audition and awareness of
the commonality of vision and space.
2. Integration of visual and motor behaviour, ie. eye and
hand co-ordination.
3. The integration of visual and locomotor behaviour when
crawling and walking begins.
4. The integration of vision and the acquisition of
language."
Guarnerio's concluding paragraph is worth quoting in full:
"Such an understanding (i.e. of perceptual space within the
wider environment. R.A.L.H.) is also essential in teaching
the blind to orientate themselves to their environment and
to travel safely within it. The education of the
congenitally blind requires an understanding of the
perceptual space of the blind if an attempt is to be made to
give them something more than a verbal understanding of the
spatial concepts which are open to the direct experience of
those who see, but which are open to the blind only
'. indirectly - that is, only through words, I am not arguing
that all the concepts possessed by the sighted can be made
accessible to the blind in this way. Rather, I am arguing
that an investigation of the relationships among word,
concept and referent can be of immense value to blind people
in their interaction with the sighted and their mutual
understanding."
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3.3 A PHILOSOPHER'S VIEW AS EXPRESSED BY MERLEAU-PONTY
Merleau-Ponty (1962), writing from the standpoint of a
philosopher. insists that a distinction should be made
between the manner in which a person verbally accounts for
perception. and the perceptual experiences themselves (i.e .
. between verbalized perception and lived perception).
A conscious intellectual interpretation of successive
perspective views of an object is not necessary for
perception. The nature of the object "becomes crystallised
in the flux of my experience".

(Ibid. p.300)

This

terminology is very similar to Gibson's writing about
perceptual "invariants". (Compare the next section of this
thesis.)

For an educator questions of learning in a young

child soon come to mind and this philosophy would of course
need to be considered ultimately in the light of what is
said elsewhere in this thesis about the child's early
association of what is seen with what is experienced through
touch and exploration.
The body and its organs are the bases or vehicles of our
intentions and do not need to be grasped as physiological
realities.

It is interesting to compare this interpretation

with Gibson's way of relating sensation and perception.
which is discussed below.

Gibson concludes:

"Having examined the various kinds of experience that have
been called sensory. I conclude that no one of them is
required as the necessary occasion of perception.

Several

of them do undoubtedly occur in a man who introspects. or
who serves as a subject in an experiment. but the
explanation of perception can dispense with all of them."
(Reed

& Jones; 1982. p.364)

It is still necessary to place some physiological
representation of a perceived object in the brain.

By

Merleau-Ponty's thesis. stating a Cartesian position.

so.

'''The perceived thing ----- exists only in so far as someone
can perceive it".

(Merleau-Ponty. 1974. p.200)

According to Merleau-Ponty even an act of imagining brings
the imagined object into existence.

(Ibid.)

Berkeley was also concerned with this issue. and described
as a great personal discovery the conclusion that things
exist either by perceiving or by being perceived.

(Warnock.

1969. p.22)
By Merleau-Ponty's thesis colour effects. horizontal and
vertical axes. movement. and perspective are all perceptions
of the mind.
objects.

He notes. however. the underlying constancy of

(Ibid. p.313)

Consciousness is thus seen to

include two aspects: it is presupposed by every affirmation
of a world; and it is conditioned by the world. "All
consciousness of something. as soon as it is identifiable
and recognisable presupposes - - - - the lived impression
which is not contained in consciousness and is not a real
part of it. " (Merleau-Ponty. 1962. p.374)
Although certain parts of the nerve substance are
indispensible for the reception of certain stimuli they do
not function without the integrative ability of the nervous
system as a whole.

Such a view does not annul the

specificity of individual units of the nervous system. (See
this thesis. section 2.7); it uses and sublimates it.
Optical geometry as in seeing an image in a mirror could be
said to have been constructed to account for what is seen
rather than actually explaining why it is seen.
When Merleau-Ponty's descriptions are considered in relation
to the actual behaviour and perceptions of blind children
using tactile pictures and diagrams. the relevance of some
of his statements becomes apparent.

Although information

about the action of individual nerve-endings is vital to a
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clear understanding of the route through which touch
sensations are received and dealt with by the nervous
system, and although controlled discrimination experiments
with textured patches suggest the useful parameters for
diagram design, it is the integrative ability of the nervous
system which is of over-riding importance to the
effectiveness of tactile presentations for learning and
communication.

The ability of the blind student to make a

swift judgement from a preliminary sweep over the page is
often remarkable, and the sureness with which this can be
done depends on the various factors such as early education,
previous tactual experience and memory which are discussed
at various points in this thesis.

3.4 GIBSON'S "RECONSTRUCTION OF A THEORY OF SENSITIVITY"
J.J. Gibson also distinguishes sensitivity from sensation
and declares that perception depends on the former but not
the latter.

It is not necessary to be aware of sensations

in order to perceive something.

In introducing his own

theory of information-based perception Gibson nails his
colours to the mast in the following fashion:
"The theory of information-based perception begins with the
assumption that sensory impressions are occasional and
incidental symptoms of perception, that they are not
entailed in perception".

(Reed

& Jones,

1982, p.375)

On the other hand, the bewildering array of available
stimulation has underlying invariants in ambient light,
sound and mechanical contact, and these do in fact specify
the objects which are their sources.

It is also evident

that the observer contributes meaning to his experience,
that he supplements the data and that significance accrues
to sensation.

(Reed & Jones, 1982, p.365)
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Gibson also points out that it is also important to be aware
of two kinds of muscle action, exploratory action and
performatory action.

Exploratory action is constantly

giving feedback, from which one can evaluate incoming
information.

Receptive units of the nervous system are all

capable of delivering a simultaneous array of neural inputs
or in other words, a sequence or stream of neural inputs
from which changes in the pattern emerge.

There wi 11 be

changes and patterns in the simultaneous array and also in
the patterns of succession.

In other words there are two

kinds of order in stimulation - which Gibson describes as
'.'adjacent order" and "sequential ,order".

(Ibid, p.367)

Useful patterns appear from most of the nervous system, for
in fact there is a variety of haptic and kinaesthetic
information arriving at the central nervous system from many
sources, some of which are not discussed in detail ·in this
thesis.
As well as joint and muscle sensors and the deep and more
superficial nerve endings of the skin there are ciliate
nerve endings in the linings of the sacculus and
semi-circular canals of the inner ear which detect
orientation and movement in the endolymphatic fluid.

Such

sensors contribute positional and movement information which
is used in balancing, and computing position.
suggests in many of his writings,

As Gibson

it is not necessary to be

conscious of the actual sensation in these nerve-endings to
make use of the information.
It is only when our sense of balance is upset by alcohol,
drugs or sickness such as Menier's Disease that we realise
how important is the contribution of these organs not simply
to one's positional sense, but also as a reference point for
other tactual assessments.

Hence the social concern about

the effect of alcohol on driving competence.
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This is why Revesz'S (1950) claim of "no phenomenal
importance of horizontal and vertical aspects of space to
blind people" appears to be astonishing in relation to the
writer's experience of working with blind people, and in
comparison with the written experience of Tooze (1981) and
others working in mobility training with blind people.

Our

normal surroundings are noted for the predominence of strict
verticality and horizontality in many of their features.
Most blind people cope very well in this normal environment,
and natural posture in association with gravity and the
body's balancing mechanisms equip them well for it.

Like

all of us they would find it very difficult to live in the
bizarre non-cubic environment based on tetrahedra and
octohedra which the Dutch artist M.C. Escher (1967, pl.62)
imagined in his lithograph "Flatworms", and would find it
very taxing to live in an irregularly-shaped natural cave .

•

The simultaneous pattern of input from all joints of the
skeleton is a highly intricate and interlocked
configuration, yet its slightest transformation seems to be
registered when the individual moves.
are universal.

Pattern and change

(Reed & Jones, 1982, p. 367)

array usually involves non-change.
in every transformation.

Change of an

Some order is preserved

Neither at the eye nor the skin

nor any other organ does the energy sc'intillate like the
random flashing of fireflies in a field.

There are always

invariant variables alongside the varying variables.

They

are specific to (but not copies of) the permanent properties
of external things.

The frozen array, the case of

continuous non-transformation, carries less information.
(Ibid, p.369)

The situation can be appreciated by

comparison with the difficulty of seeing a camouflaged
animal in the wild -- until it moves.
In vision, we strive to get new perspectives on an object in
order to perceive it properly.

Gibson believes that

something analagous to this is what happens in the active
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exploratory touching of an object.

He asserts that the

first problem in perceptual physiology is not how the brain
responds to form as such, unvarying form, but instead how it
responds to the invariant variables of changing form.
(Ibid, p.369)

This kind of order in stimulation is not

created by the observer - it is a feature of what Gibson
describes as "stimulus ecology".

The invariant properties

of the physical world of objects are discoverable by the
attentive adjustments of the sense organs and by the
education of the attention of the observer.

Even the

earliest dimensions of sensitivity in a very young child are
useful ones.
perceive.

Unquestionably, the infant has to learn to

That is why he explores with eyes, hands, mouth

and all his organs, extending and refining his dimensions of
sensitivity.

He has to separate what comes from the world

and what comes from himself.

But he does not, Gibson

thinks, have to learn to convert sensations into
perceptions.

(Reed

& Jones, 1982, p.370)

Strictly speaking,

sensations are specific to receptors or receptive units and
not to the world.
This reasoning seems to the present writer to be entirely
compatible with the way in which sensory data appear to be
used to understand one's surroundings.

Gibson's analysis is

applicable to the tactual sense as well as to vision, which
is not surprising in the light of his experimental interest
in tactual perception,

(Reed

& Jones, 1982, p.358) although

he has in the past declared reservations about tactile
pictures.

His analysis also accords well with the writer's

experience of blind children using their remaining senses to
understand and manipulate objects, and to interpret tactile
maps, diagrams and pictures.

In particular, Gibson's

emphasis on the emergence of invariarits from the flux of
sensations during tactual scanning appears to fit the
observed responses.
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Gibson illustrates this effect as it appears in tactual
perception by pointing out the following rather astonishing
phenomena of perception by touch (Reed

& Jones,

1982,

p. 357ff . ) :
Firstly, the UNITY of a perception.

When an object is felt

with five spread fingers only one object is perceived and
not five separate ones.

Katz also pointed out how the gaps

between the fingers can be mentally "filled in" to complete
the perception.

(Kreuger, 1970)

Also, as Schlachtel pointed out (Guarnerio, 1977, Chapt.1), (5
"if one sits on a chair and leans against the back of the
chair, the contact with more than one area of the object by
more than one surface of the skin leads in the adult to
objectification of the chair because spatial structure is
perceived".

In other words, only one chair is perceived and

not two separate objects.

This perception may be contrasted

with that gained from sitting on a stool.
Another surprising phenomenon is the RIGIDITY of the
perception of an object despite the fact that an approaching
hand must first be in a state of increasing pressure against
the object, and then decreasing pressure as it comes to
rest.

A perception of rigidity comes through this flux of

sensations, and can be differentiated from that which comes
from something made of yielding materials.
Similarly, STABILITY is understood from these changing
sensations, and can be distinguished from a situation in
which the object swings or floats away from the touch.
Finally, WEIGHT can be estimated, and with practice can be
accurately judged.

This perception emerges from what would

appear to present a bewildering array of changing sensations
from the various muscles and joints involved in lifting the
object.

(Reed & Jones, 1982, p.357)

ss.
Shape and texture assessments can also be surprisingly
accurate, and texture judgements have long been used in the
textile and paper industries for quality control.

Indeed,.

some of the early scientific investigations of the acuity of
touch perception came about as an extension of the work of
textile manufacturers and merchants.

(Binns, 1934; 1937)

All of these abilities demonstrate the richness of tactual
information, and perhaps suggest that the potential of
tactile illustrations as a means of communication is far
greater than present exploitation of the medium would
suggest.
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CHAPTER FOUR

TACTILE DIAGRAMS IN EDUCATIONAL USE

4.1 PAST AVAILABILITY AND QUALITY OF TACTILE RESOURCES
No discussion of the use of tactile pictures in the
education of visually impaired children would be complete
without a mention of the situation as it has been until
recently.
Until the writer began full-time research on tactile
diagrams in January, 1985, there was no-one in the UK
working on tactiles who was able to combine an educational
perspective with the necessary technological and design
ability, and at the same time to be in a position to
underpin this with a framework of research.
The physical quality of diagrams available from (mainly)
charitable sources was not as good as the available
technology allowed. Reasons for this included lack of
design skill, but more seriously a frequent lack in
producers of the knowledge of the educational environment in
which such diagrams would be used.
The best diagrams available tended to be made by teachers of
the blind, but the manifold other demands on their time
meant that such diagrams were few in number. Demand
outstripped supply, and there was no effective co-ordination
of supply. The sterling work of pioneers such as Pickles
(19&8, pp.118-154) heralded improvements in all kinds of
diagrams, but still the quality of master diagrams was not
exploiting the potential of the thermoform method of
production to the full.
The situation with maps was not as bleak as for other kinds
of diagram, and the work of the Nottingham University
Mobility Research Unit (James & Armstrong, 1975) led to the
development of a standard map kit (James, G.A., 1975) which
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had its parallels in similar ventures overseas.

(Barth,

1982)
The Nottingham Map Kit was often used for other types of
diagram, sometimes unwisely in the present writer's view,
and its influence was widespread.

This is an example of the

way in which ease of use can be the determining factor for a
hard-pressed practitioner, so that effectiveness of the
medium can become a secondary consideration.
Following EUropean seminars on Town Maps and the
co-ordinated activities of working parties in a number of
European countries (Hebecq, J-P, 1983), a European mapmaking
kit, known as the Euro-Town-Kit was compiled, and is now
produced by the Deutsches Blindenstudienanstalt in Marburg.
(Deutsches Blindenstudienanstalt, 1989) This incorporated
the best symbols from the Nottingham Kit and other such
sources after thorough evaluation by the working parties.
Of the material freely available in British educational
establishments Mobility and Town maps were thus largely an
exception to the generally indifferent quality of t'actile
diagrams (which is not to imply that there is not much room
for improvement in maps also).

The effect of this general

weakness was to give many blind children a bad impression of
the value of tactile diagrams as a tool for learning, and
sometimes to ca'use them to abandon them as a serious source
of information.

The evidence of this has become apparent

during the writer's conversations with older blind pupils
and adults on vocational training courses and in continuing
education.
Many teachers also gained a false impression of the ability
of their pupils to understand and use tactile presentations,
partly because of the quality of teaching material they were
provided with, and thus became half-hearted in the way they
employed them in the classroom.

Thankfully there were

shining exceptions to,this generalisation, but it appears
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that at a time when pictures and diagrams were becoming much
more numerous and important in mainstream educational
publishing (Mackean, 1962, was one of the early examples,
and has run through many revisions) tactile pictures and
diagrams were failing to communicate much vital information
to blind students.

The writer's observations of the

educational careers of a number of students would seem to
confirm that the shortcomings in diagrammatic material were
one factor, though certainly not the only one, in narrowing
curriculum provision, in restricting examination choice, and
hence ultimately in reducing career options for blind
pupils.
The effect on the careers of individual pupils can best be
illustrated through the experience of a congenitally-blind
Scottish seventeen-year-old preparing for university
entrance who was questioned by the writer after three days
of educational research at her school involving a number of
children aged from eleven to eighteen.
This pupil had recently used tactile diagrams a great deal
with teachers who were skilled in their use, and had become
fluent in extracting information from them, and thoroughly
at ease in using them.

When the writer asked about her

experiences of tactile diagrams in her earlier education
this girl explained that she had met her very first tactile
diagram in a Geography lesson at the age of thirteen in
circumstances that she described with great precision.

She

described how overwhelmed and excited she had been by what
seemed to be a completely novel means of communication.

It

is difficult to imagine the education of any child with full
sight limping through thirteen years without the benefit of
pictorial modes of description.
Thankfully improvements are now taking place quite rapidly,
and information about these spreads freely.

International

conferences convened by organisations like those concerned
with visual impairment and special education and the
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International Cartographic Association provide a good forum.
In fact, one of the ICA's constituent bodies, Commission
VII, (Wiedel, 1983; Tatham & Dodds, 1988) has been set up
specifically to develop tactile maps and diagrams, and it
takes a wider view than its cartographic origins would
suggest.

4.2 FORMATIVE EVALUATION
Although occasional observations are quoted in this thesis
which contain empirical data or could easily provide such
information a type of evaluation which is variously
described in the literature (from its several aspects) as
"case study" (Holt, 1981, p.22), "formative" (Harlen. 1975)
or illuminative evaluation (Jamieson et al., 1977, p.227;
Parlett and Hamilton. 1977, p.6) has been chosen as being
generally more helpful in this instance for the following
reasons.
Once the commitment to a formative role was made as was
described in the introduction, it was clear that any task
given reasonably to the child in class would have to be
brought to a conclusion which gave satisfaction to both
child and teacher. In fact this might lead to a given
picture or task being finally understood or completed by
100% of the pupils, although the rate of progress to this
end may have been variable.
Even where there was the possibility of a specific task
being carried out by every child in a group. the
instructions to individual children may need to be framed
differently to cope with each child's needs. Such variety
of presentation would be damaging to an empirical
investigation. In many instances it was not considered
educationally appropriate to use the same material or to
cover the same educational ground. Decisions of this nature
would be influenced by what was previously known of the
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child's development and capabilities (generally from
information given by the class teacher) or observed during
the course of the investigation.

The researcher could be

responsive to the needs of individual children a"nd to
developments in the classroom environment.
As Parlett and Hamilton (1977) point out. the classic
"before and after" research paradigm assumes that no change
will be made to the program in the course of a study.
"This premise is rarely upheld in practice. yet it remains
fundamental to the design. constraining researchers from
adapting to changed circumstances that frequently arise."
(Ibid .. p.8)
Formative or responsive evaluation, on the other hand, seeks
to respond or adapt.
As the observations described in this chapter were made by
following one class over a period of approximately twelve
months, it was possible to get to know many of the children
well, to inspire confidence and freedom in the pupils, and
to become aware of the developing capabilities of each
chi Id.
The writer was also of the opinion that the effectiveness of
tactile presentations was best evaluated within a teaching
situation as normal as possible rather than in a laboratorytype experiment.

In this way the true performance of the

tactile presentation as a conveyor of information can be
gauged.

It should also be emphasised that the researcher

was acting as teacher and that it was in this role that the
children were most aware of him.

This dual role was also

most compatible with a case study approach, with active
comments from schoolteachers confirming or modifying the
writer's own observations.
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4.3

VARIABILITY OF THE PUPIL POPULATION.

Given an initial pupil sample which was relatively small,
there was a high degree of variability in a number of
factors which influenced pupils progress and the
understanding of the tactile diagrams.

For example at this

. particular age level there were children within the class at
various stages of maturity from recent reception into school
to confident scholarship after a year or more of schooling.
There was also a range of impairments from congenital
blindness with no light perception to quite effective short
range vision.

Cutting across these groups were those

children who seemed to possess better tactile and
manipulative skills.

Although some of these skills were

progressively learned during the pupil's passage through
school some children seem to have innate differences in this
area.

There were also variations in general intelligence,

in persistence and ability to concentrate on a task.
There were social factors and environmental factors which
affected participation of the children in the research
interviews.

Some children had a number of absences from

school at crucial periods and it was also necessary for the
class teacher to place certain restrictions of the type of
work to be covered by individual children in order to fulfil
aims which the teacher had already established.

The

researcher also participated in the making of decisions of
this sort.
When all of these factors were taken into account it seemed
to the writer that the aims of this study could best be
fulfilled through a formative case-study approach of the
kind described, recognising that this kind of study has
strengths as well as weaknesses.
Delamont is one of the most ardent defenders of this
approach in print and sums up her position with regard to
this ethnographic methodology in words which she repeats
almost verbatim in other sources:
"The ethnographer uses a holistic framework.

He accepts as
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given the complex scene he encounters and takes this
totality as his data base. He makes no attempt to
manipulate, control or eliminate variables.

Of course, the

ethnographer does not claim to account for every aspect of
the totality in his analysis.
He reduces the breadth of
enquiry systematically to give more concentrated attention
to the emerging issues.
Starting with a wide angle of
vision, he 'zooms' in and progressively focuses on those
classroom features he considers to be most salient.

Thus,

ethnographic research clearly dis~sociates itself from the a
priori reductionism inherent in the prespecified coding
systems..

In a very real sense. then, it operates with an

open and 'unfinished' methodology.
It is often argued against anthropological studies that
their results cannot be generalised to other settings.
criticism refers only to statistical generalisation.

This
To an

anthropological researcher. the development of generally or
universally applicable statements is quite a different task,
one that is never achieved merely by carrying out a survey.
Despite their diversity, individual classrooms share many
characteristics. Through the detailed study of one
particular context it is still possible to clarify
relationships. pinpoint critical processes and identify
common phenomena.

Later. abstracted summaries and general

concepts can be formulated, which may. upon further
investigation, be found to be germane to a wider variety of
settings.

Case studies, therefore, are not necessarily

restricted in scope.----------- we do feel that the kinds of
generalizations produced from good ethnography are just as
useful to both researchers and practitioners as those
available from systematic observation.

The prespecified

coding systems, as we have stated above, are often concerned
with generating normative data, that is, in extrapolating
from sample to population.

It should be remembered,

however. that statistical norms apply to the population
TAKEN AS A WHOLE. not to its individual members.

They apply
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to individual settings only in probabilistic terms.

And

since settings are never equivalent, such statistical
generalizations may not always be relevant or useful.
In our view the great strength of ethnographic research is
that it gets away from the simplistic behavioural emphasis
of the prespecified coders."

(Delamont, 1984, pp.18-19)

In other words: case studies "can acknowledge both the
particulars and the universals of classroom life".

(Stubbs

and Delamont, 1976, p.13)
It is important that one should not accept this point of
view uncritically without being aware of the pitfalls.

The

comments Delamont makes about coding systems and
quantitative measurements are generally reasonable,
particularly if what is measured is not truly representative
of the learning process OP other observable event which is
taking place in the classroom.

It is also true to say that

pre-specified coding systems if too slavishly followed can
entrap researchers into overlooking those crucial happenings
which are of most importance for learning or other
activities under observation.
Nevertheless to identify common phenomena, and suggest
aspects of the learning environment which "are germane to a
wider variety of settings" demands sound knowledge of the
learning process and good observation and planning.
Generalisations can only be made in fairly broad
observational terms.
in one's
approac
res

eaching
the

To

ke use of th

e general· at ions

quires a cau ·ous exper· ental
ity to make

s which d· fer from what

intellige

response to

s expected

For teachers to make use of these generalisations in their
own teaching situation would require a cautious,
experimental approach and above all the ability to make an
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intelligent response to results which differ from what is
expected.

(This ability is one of the marks of a good

teacher in any case.)
One advantage of a case-study approach in the present
research is the ability to respond to a classroom situation
AS IT IS and to adapt one's classroom strategy to local
peculiarities of the time-table, on-going topic work,
temporary opportunities which may be grasped in teaching and
in general to capitalise on what each school has to offer.
This can engender a_spirit of willingness, co-operativeness
and open-ness on the ·part-of teaching and ancillary staff
which makes posssible a long-running involvement in the work
of individual children and (in a residential school) the
opportunity to see the child in a variety of formal and
informal learning environments.

4.4 YOUNG BLIND CHILDREN USING PICTURES
In the following sections, which report on some of the
author's most recent research with blind children under the
age of seven, any child whose work is mentioned can be
assumed to be either totally blind or having minimal
residual vision unless otherwise described.

Where

information about congenital or, conversely, late blindness,
is relevant to the discussion it will be mentioned.

A few

of the activities have been pursued with children who have
rather more vision, and their degree of residual sight is
mentioned in the record.

The research activities did not

take place chronologically in an order which follows the
natural teaching order of the activities described so this
will be discussed separately in Chapter 9.
One of the first investigations was of the effectiveness of
simple bold thermoformed tactile pictures in conveying
information to very young children.

It should be said at
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the outset that a number of teachers of the blind have
asserted that very young children cannot cope with tactile
pictures.

The examples used in this instance were a few

specially produced pictures which were almost relief
sculptures of the things depicted.

To these were added a

few pictures from the writer's existing catalogue of
diagrams for secondary age children, chosen in this instance.
for their relevance to the everyday lives of the very young,
and their inherent interest for this age group.

(See

diagrams in appendix)
These included bold pictures of an egg in stages of
preparation for an egg cup.

Thi~

was almost unanimously

recognised in tactile form by children whose ages ranged
from 3.5 to 6.

Of the two exceptions, the first was a very

bright 4.5yr old who guessed that the first picture was an
egg, but offered an alternative hypothesis "it could be a
round bar of soap".

This suggestion was highly significant

because it demonstrated the potential for ambiguity in all
illustrations, and tactiles are even more vulnerable to this
than visual illustrations.
of the work of Kennedy

This is well illustrated in some

& Domander

(1984) and Pring (1987)

but whereas they continue to investigate this as an
interesting psychological phenomenon, the educator's whole
approach to the production of tactiles, and even the choice
of media for these must be to be aware of the possibility
for ambiguity and to design the illustrations so as to
eliminate or at least minimise this.

Sometimes this means

structural considerations, and at others it can be
accomplished by suitable captions or accompanying text to
narrow the options a little.
This small boy's alternative postulate for the egg picture
was also interesting as an illustration of strategy in an
intelligent blind person, viz. what possibilities spring to
mind and which do I feel is the most likely?

(The boy in

this instance was quite prepared to choose the egg as being
the most likely of the two possibilities.)
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The other exception, a child who found the egg picture very
difficult to identify and was completely unable to
understand the. egg-cup in the third picture of the series,
was found to have an overprotective mother who was fearful
of him spilling eggyolk down his clothes, so she always fed
him when he had a boiled egg.

Consequently he had never

handled an eggcup, and did not know that an egg on a flat
table would tend to roll.

This underlines the importance of

good concrete handling experiences for younger (blind)
children which are a prerequisite for intelligent tactile
picture use later.
Another way of introducing 5-6yr olds to tactile displays is
by the use bf simple maps.

Some workers such as Spencer,

Blades and Morsley (1989) have worked extensively in this
area, but their work is particularly related to mobility and
navigation.

The writer's interest is more simply in

children relating a tactile diagram or map to some other
reality, so the interest is a smaller scale one generally.
First introductions have been of various types, all of which
have been effective in an appropriate teaching context.
These include exploration of the features of a hamster cage,
followed by presentation of a simple map whose only braille
information was "Hamster cage.--Lower floor--Upper floor"
(The two floors of the cage were shown separately.)

Each

feature of the cage was correctly identified by two blind
5yr olds from their memory of the cage which they had
examined a week previously.

Follow-up work in this instance

involved similar mapping of their mainstream classroom which
was begun by the researcher and completed by following the
two children's own instructions.
Mapwork with younger children can also be given an adventure
setting by the use of a classroom sandpit or sand tray.
During the course of the writer's research with blind
children aged five and six years old a classroom sandpit on
a stand was designated as "a treasure island".

It was

Aff~' C.
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provided with a few boxes of distinctive shape as landmarks
(cube, cylinder and triangular prism) and also a small dish
of water which was suggested as a pond.

The treasure was a

small coin in a tiny plastic box which was secretly buried
for each child to find.

In each instance the child was

provided with a thermoformed map showing the positions of
the landmarks against a sandy texture.

The position of the

treasure was indicated by a small raised star symbol.

A

number of alternative layouts were prepared, varying both
the treasure position and in some cases the position of the
landmarks.

This allowed the task to be made easier or

harder for individual children as desired, or for the same
child to have more than one attempt.
Children were instructed to explore the map thoroughly, and
then to check the positions of the landmarks in the sandpit
to see if they matched.
presented

right~way-up.)

(The map was in this instance
Children were asked not to dig for

the treasure until they were sure of its position from the
map information.
only.

They were then allowed to dig in one place

In fact every child in this particular group found

the treasure at first attempt, although younger children
were given maps in which the treasure was easy to pinpbint,
while older children, and those with enough residual vision
to allow a good oversight of the sandpit were given a more
demanding layout, probably involving a crude distance
estimate from relevant landmarks.

This exercise was carried

out within a developing programme of map, picture and shape
work, and for educational reasons it was important that each
child found encouragement as well as interest in the
ac~ivity.

For this reason, and the varied degree of

impairment within the group it was not assessed
quantitatively.
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DIAGRAM

3.

One pupil's attempts to draw an egg,
on German film

o

free-hand,
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4.5 DRAWINGS FROM LIFE
In Chapter Seven of this thesis the writer will discuss in
detail the shortcomings and difficulties for blind users
inherent in line drawings, but despite their incompleteness
as a communication aid for blind users they do have a place
in education, not least as a way of acquiring some
understanding of the conventions of visual illustration
which may be useful as a quick means of representation on
German Film.

In the current phase of research blind

children have been encouraged to make their own drawings on
German film of objects which they have been shown or have
collected during other lessons.

The justification for this

activity has been partly the need to increase their general
repertoire of understanding of tactile pictures and their
connection with the real world which they experience, and
also the educational need to maintain a lively and
stimulating context in which picture skills can be
developed.

In the latter case there is a need to practice

and repeat some of the necessary operations.

It is

important that the circumstances in which such operations
are practised do not become dull and uninteresting, but that
the desire to record things that the child ha·s experienced
gives purpose to the drawing activity.
The stimulus for these drawings can be a professionally
produced thermoformed picture, or a real object which pupils
have been able to handle and examine.

Examples illustrated

on facing pages include attempts to show the outline shape
of an egg; the winged fruits of sycamore and lime; a child's
attempt at representing a fir-cone; and a child's copy of a
tactile picture of a termite which had been made by a
17-year-old member of the Girl Guide movement as a piece of
voluntary service.
The egg pictures illustrated are a reproduction of one
child's work-page, showing repeated attempts to render a

DIAGRAM

Lime
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Tracings from teacher's and blind pupil's drawings of tree fruits on German Film

(Teacher)

Sycamore

(teacher)

Fir cone (pupil)
Lime (pupil)

~~~~~

~

{J

Sycamore

(pupil)
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satisfactory egg outline.

The standard was set by the

child, and not by adult intervention, although the
researcher did comment on successive attempts by way of
helping the child to direct her efforts.

In fact from the

beginning she was conscious of imperfections in her own
drawing, and decided for herself what needed to be done to
bring about an improvement.
The two tree fruit drawings were copies of the researcher's
own line drawings (also shown), although in each case the
child was able to feel the real fruit as well.

This

particular child was being shown how a simple line drawing
could be used to show features of the real thing.
The fir-cone picture was made towards the end. of a lesson
with no opportunity for further attempts.

In this case the

pupil was not given a teacher drawing as an example to
imitate.

It became clear that the child had not fully

understood the structure of the cone.

Some of the important

features of its architecture were inaccessible to the child
because of the closeness of the cone scales.

The pupil

really needed a larger example at this point so that the
origins of the scales and the central .column of the cone
could be appreciated with the fingers.

In the example given

the child could only feel isolated bosses of the scales with
no clear connection between them, so the child's picture is
probably an accurate representation of what she was able to
feel of the fir-cone.
This illustrates the need for a thorough structural
appreciation before drawings are attempted.

Teachers need

to ensure that the right opportunities are presented for
this to be achieved, and to beware of expecting the child to
represent features which the teacher has been able to
appreciate mainly through vision rather than touch.
The termite picture illustrated shows greater understanding
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DIAGRAM

S.

A drawing of a termite made on German film by
a blind pupil aged five and a half

)

)
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of the insect's structure, and it followed thorough
exploration of the thermoformed picture already mentioned,
coupled with discussion of the insect's morphology and
behaviour.

The problem in this instance was more a matter

of accurate placing of appendages, and could have been
improved by practice on the part of the pupil with very
little teacher help.
In this kind of drawing activity it was frequently observed
that the structural understanding of the pupil was much
greater than the quality of the illustration suggested.
Most of the children were instantly self-critical of their
drawings ~nd detec~edquickly where the deficiencies were.
The control problems to be overcome by a blind child
learning to draw have been discussed elsewhere, as has the
need to provide the child with adequate opportunity for
practice.

Only by frequent use of the drawing apparatus can

the pupil's drawings become matched with her/his
perceptions.
Another approach to the reading and drawing of diagrams and
maps which was tried was the teaching plan developed by
Yngstrom (1988).

This has been described separately in

Chapter 5, where it is discussed particularly in relation to
congenitally blind pupils, because of the many control
skills etc which need to be learned through systematic
teaching if this useful teaching plan is to be followed
successfully.

4.6 SIMPLE PLANE GEOMETRY
Alongside some of the other work young children need to
learn the characteristics of some of the simple plane shapes
such as the square, circle, triangle and rectangle.

These

were introduced by means of some of the standard templates
sold by educational suppliers for mainstream school use.
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These were used as templates for tracing onto German film,
and later for free-hand drawing.

A useful intermediate

stage was to present the child with an incomplete shape for
identification and subsequent completion.

The amount to be

contributed by the child can be varied according to need.
Important teaching points included the need to verify the
starting and finishing points of the section to be added,
and to ascertain whether a straight line, a bent line or a
curved line is required.
In locating the required addition, the blind child is of
course unable to be guided by the constant visual feedback
enjoyed with full sight.

In substituting touch monitoring

for this lack of vision, the successful blind draughtsman
needs to replace frequent and regular touch checks which can
gi ve a "stepped" resul t from small corrections of alignment
and counter corrections with a confidence of line born of
kinaesthetic practice.
The task is successfully completed by confident assessment
of the parameters of the line which is needed to complete
the shape followed by fluent insertion of the completion
line.

This can only be achieved by a draughtsman who has

felt the necessary movements many times and knows what the
sequence should feel like.

This problem is discussed in

relation to the special needs of congenitally blind children
in Chapter 6.

4.7 SOLID SHAPES
Congenitally blind people need to learn the significance of
viewpoint or aspect, when co-relating an illustration with a
sol id object.
at"

If the hands are the only means of "looking

the object, they will most likely become aware of a

greater proportion of its surface than could be seen by the
eye from a single viewpoint.

In trying to illustrate what
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they understand of an object they may include what the
visual artist would describe as "hidden detail".

This is

well illustrated by some of the drawings reproduced by
Kennedy.

(1982, p.322)

However, the writer's observations of young blind children
confirm that by continued use of appropriate educational
resources and the opportunity to discuss what they find,
blind people can quickly appreciate the predicament of the
sighted person and begin to learn and to be able to estimate
what could be seen from one side,

(particularly when the

viewpoint corresponds to the standard "elevations" of the
architect or draughtsman).

Unusual vlewpoirits may introduce

angular judgements which are difficult enough for a
fully-sighted would-be artist to make, and are much more
difficult for a person working entirely by touch.
The author's classroom research demonstrated that
congenitally blind children, as young as five, could
understand the changing face of a rectangular box (cuboid)
depending on the direction from which it is viewed, and
could successfully demonstrate this with freehand drawings
on German Film.

Similarly, a child would describe circular

and rectangular aspects of a traditional cocoa tin, and be
capable of illustrating these.
The writer would teach this by deciding on the viewpoint and
then pointing the index finger towards it from that
direction, so as to feel round the shape from that side.
Some children need very little reinforcement of this and
can give quick responses to questioning, whereas others find
the necessary thought process hard.

It depends partly on

the intelligence and maturity of the child and partly on the
richness of the child's previous experiences.
Kennedy has done some interesting and useful research on
drawing strategies adopted by congenitally blind adults to
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show hidden three-dimensional aspects or moving parts of
solid objects.

These include such strategies as to display

even the rearward facing sides of a solid object (which
would be hidden from normal vision) as in the opening out of
the s ides of a cardboard box.

(Kennedy, loc. ci t ,

pp.322-324) or, in another context, showing the motion of
the spokes of a wheel by curving them or by an esoteric code
reminiscent of a whisp of smoke around the wheel.
pp.327-328)

(Ibid,

Here again, Kennedy is a psychologist

investigating the cognitive process.

The educator attempts

to devise a learning sequence which will produce a useful
and reproduceable result.

Valuable though these insights

are, it is important that blind people who use drawings can
employ them for two-way communication.

To do so they need

to understand the relationship between the drawing and the
object, and the significance of any drawing conventions they
employ.

This includes ultimately an understanding of where

if ever these conventions differ from those habitually used
by people with full vision.
Drawing with the finger or otherwise feeling round the shape
is part of the necessary learning process as is plenty of
plane geometry shape work.

4.8 THE NINE CUP LAYOUT
Before children who are blind can correlate pictures or maps
with any kind of external reality they need to develop an
awareness of shape, direction and distance.

An

understanding of scale can be developed as the child
matures, although the first clues to this will dawn
naturally on most children. Comments like. "You realise I
couldn't draw the whole room on this piece of paper, so I
have had to shrink everything down to fit" will help in the
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early stages.

Directional sense can be developed through

exploration opportunities, through games and through
activities which involve making connections between plans or
maps and the environment.
As a simple and controllable spatial exercise with a map the
author used nine identical plastic cups, open side downwards
on a table (usually on a clingy rubber mat to prevent the
cups sliding about unnecessarily during handling.)

Each cup

had a blob of Blutak adhesive rubber within it which could
be used to hold a small coin or other hidden object.
Although the cups were of three different colours; blue,
pink and green, these were used at random and children with
residual vision were warned to disregard colour when making
choices.
The task was to decide under which cup objects were hidden
by extracting the information from a thermoformed diagram.
This consisted of nine raised discs, mainly smooth in
texture, with the cup containing the "treasure" being
indicated by a rough sandpaper texture.

The child was asked

to decided which cup or cups in the three rows of three
contained the treasure.

They were then asked to choose the

cup by first touching it, and then to check by overturning
it.
At the first stage only one cup contained a hidden object.
With more proficient pupils two cups at a time could be used
and the pupil asked to choose the two cups simultaneously.
Later, a few of the cups could be used in a more abstract or
random pattern because it was felt that it may be more
difficult to retain a mental picture of this kind of array,
which would therefore represent a further stage of
development.
The original task with nine cups was also found to be too
difficult for some of the children in this group so a
simplified array was devised during the course of the

App~.
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experiment.

Here again, as in much of the writer's research

described in this thesis, the original test was incorporated
into a teaching programme for the children concerned.

4.9 RESULTS AND COMMENTS ON INDIVIDUAL PERFORMANCE
This simple experiment gave some interesting results which
helped specify the hierarchy of sub-skills which make for
success in this task, or indeed in any collection and use of
spacial information from a tactile display.

Simple

numerical results COULD have been recorded, but this
approach was not adopted because:
(a) any bald numerical results would have been highly
specific to a particular group of children and classroom
environment and difficult to extrapolate to other teaching
situations in any meaningful way.

Also:

(b) this activity constituted a genuine teaching experience
for the children concerned, so that each child was dealt
with in a sympathetic and supportive way, and led on to
greater and greater success.

At the same time the skilful

teacher/researcher could gauge each child's weaknesses and
specific problems.
Accordingly, results are described here for individual
children (anonymously), in the hope that experienced
teachers may understand from the notes enough of the reasons
for differences in performance to do similar work with their
own pupils and to respond effectively to difficulties which
the pupils experience.
As this is a faJrly straightforward experiment the results
are given in their entirety to show how varied can be the
responses from a group of children with different levels of
general intelligence, spatial understanding, visual
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TABLE 1

PERSONAL

INFORMATION
THE

CHILD
IDENTIFIED
AS

AGE AT
TIME

ON

"NINE

CHILOREN

CUPS"

WORKING

WITH

APPARATUS

OPHTHALMIC RECORO

TEACHER'S INFORMATION

8

5

LE
RE

C

51

No light perception

Poorly developed spatial and
/l'Obility skills.

G

6;

6/60 in both eyes.

Some sight until recently.
Now
almos t totally blind. Quick to
respond.

J

5;

LE

Glaucoma.

Totally blind.
1/60

Light perception

Partially sighted. Very poor spatial
awareness. Poor retention of
instructions.

Sight can vary.

only.
RE

Counts fingers in
small field.

M

5

6/12 (Teacher doubts
this) •

Totally blind (eT records!)
History
of very passive upbringing.
Reluctant to use hands and fingers
to exp lore things.

N

6

No formal record.

Good short range vision.

Q

6

"Wears glasses" !

Vision 50 good that this child was
withdrawn after. the first session.

R

5;

No light perception.

Congenitally blind. Very bright and
active. Inclined to "rush in"
carelessly.

R2

6;

No light perception.

Short attention span.
listener.

Not a good
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impairment, maturity and previous tactual experience.

All

of these factors can affect children's performance.
The examples described all come from one small class. A
summary table, giving ophthalmic details from school records
(unfortunately incomplete) and information on the background
of individual children given by the class teacher, appears
on the opposite page.

A table of national data on the

causes of blindness and partial sight from new registrations
of sight-impaired children is given on the next page for
comparison.

These figures have been extracted from Tables 5

and 16 of DHSS (1988).

They are quoted for general

comparison, but should not be used here for anything more
than a general indication of the national context of
visually impaired children.
The following are the experimental results from the "Nine
Cups" task:

R,

aged five-and-a-half.
Congenitally blind. As is typical of this particular child,
a little carelessness on first attempt.and mistakes made.
When warned to be more cautious, quickly achieved 100%
success and was easily able to pick up the necessary
information from the diagram and translate this into the cup
arrangement information. As this child was one of the
younger ones, the task of locating two cups simultaneously
required much greater concentration but was successfully
accomplished.
At a later interview (one month later) this child achieved
even greater speed, and located two simultaneous target cups
without fault.
He was able to describe to the researcher
his method, which was to count the number of cups from the
left-hand side to a target cup in each row.
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TABLE 2
CAUSES

OF

BLINDNESS. AMONG

NEW

REGISTRATIONS

Data.for year ended 31 March. 1981.

Male

Blindness
Female
105

Disorders of the globe

1 .8

1 .0

Retinal detachments & defects

0.9

(=

100%)

CHILDREN

Percentage distribution.

111

TOTAL. all conditions

OF

Partial Sight
Female
Male
137

113
1 .8

14.4

31.4

16.1

18.6

Disorders of the choroid

5.4

3.8

1 .5

2.7

Glaucoma

1 .8

1 .9

0.7

1 .8

Cataract (excluding congenital)

0.9

4.8

Disorders of refraction and
accommodation

4.5

1 .0

Other retinal disorders

5.3
5.1

0.9

Visual disturbances
Corneal opacity and other
disorders of cornea
Disorders of optic nerve and
visual pathways
Other disorders of the eye
Congenital anomalies of the eye
TOTAL. mul tip le causes
TOTAL. all othar conditions

3.5

0.9

0.7

0.9

23.4

14.3

14.6

9.7

7.2

3.8

20.4

13.3

25.2

24.8

29.2

26.5

1.8

1.9

1 .5

6.2

11 .7

11.4

10.2

8.8
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!!, aged five.
Partially sighted.

Alth~ugh able t~ use iight for this

task, found it difficult and was only able to find the
correct cup once, despite being kept on easy examples.
Seemed to have poor spatial awareness and really needed a
much smaller array for success.

(3 x 1 or 2 x 2)

It was not a case of not knowing right from left or even a
problem of transforming directions across a distracting
angular transformation.

Even when hovering over the cups B

seemed unable to retain a simple instruction like "this
side" or "that side" with extra teacher help.
The second work-session seemed to show that in this case the
problem was partly one of maturity.

When the array of cups

was kept down to 3 X 1, or with practice 2 X 2, and the
child was encouraged to work calmly and carefully (and if
necessary to verbalise the task) he became more successful.
Over the course of four work-sessions his standard improved,
but he could still be highly erratic in his choice if he
began a session in an unsettled frame of mind.

!:L aged five.
Totally blind.

In fact this child had good spatial

awareness but was reluctant to use hands and fingers to read
the diagram properly.
other work).

(A characteristic already noticed in

This weakened her performance.

More diagram reading practice was therefore needed.

This

child was known to have very meagre pre-school experience.
A second attempt after one month with smaller. arrays, and
much talk about "This side"; "that side"; and "middle",
helped to give accurate choice.

Once again, .this child was

very young.
At a third session there was even better progress, and the
child asked to try a larger array. With nine cups was
consistently good, although admittedly warned from time to
time to stop and think, "Is it front or back?

Is it this
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side, that side, or the middle?"
~,

aged six-and-a-half.

Almost total loss of sight fairly recently after a history
of poor sight, and now relies heavily

~n

tactual input.

Extremely good spatial awareness and probably the best and
certainly the quickest of the group.

100% success even with

more difficult, two-cup examples, and unsymmetrical arrays.
This child was older than most of the group.
Q, aged five-and-a-half.

Although sight poor was able to visualise the whole array
simultaneously which was a great advantage.

The child was

therefore able to make consistently reliable choices, and
was not asked to try again at subsequent work-sessions.
R2, aged six-and-a-half.
Although some useful vision, found it difficult to think in
straightforward spatial terms such as "back", "front" and
"middle".

Needed to start with a more restricted array and

to learn to listen to and respond to simple instructions.
At the second interview, one month later, this child's
choice was still erratic even with a single row of three
cups, and even with the "map"

placed close in front of the

cups to give easy one-to-one correlation of cups with
pictures.

In this case a great deal of supplementary

teaching, involving among 'other things the reinforcement of
simple language like "back", "front" , "middle", "behind",
"under" was clearly necessary.
At a third session with graduated experience working from an
array of 3 X 1 this child was able to achieve better
results.

To make the task easier at first the map was

placed in front of the cups (instead of to one side).
One further work-session gave immaculate results, including
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a final array of nine cups.

However, as it was important to

give this child motivation from encouraging results, the
task was not pushed ahead too quickly.

!L aged six.
Faultless performance from a combination of relatively good
short-range vision, and good spatial sense.

J, aged

five-and-a-half.

Some vision, which may vary from time to time from the
effects of glaucoma.

A young child who found the

instructions rather difficult to comprehend at first.

After

an early uncertain start, was able to work out the answers
correctly, but did not progress as rapidly as P or H.
This child missed the second work session because of
illness.
At a later session this child achieved immaculate results
with nine cups and finally choosing two simultaneously.
~,

aged five.

Although quite intelligent in many ways, this child was
known to have poorly-developed spatial and mobility skills
which were the subject of remedial action by the school.
Even at the simplest level at which this task was presented
this child found the correlation of pictures and rows
difficult, and would need careful preparation with fewer
options.
A second session showed slight improvement with arrays of
3 X 1, and 2 X 2 cups, and at a third session this child was
able to describe the strategy which he had adopted, which
was to.count from the left as in the case of RI.

By this

strategy he was consistent in his choice with four cups,
even when the map was placed at one side.

It was suspected

that many of his orientation problems stemmed from lack of
experience, and that he had the intelligence to learn
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quickly, given suitable opportunities.

4.10 GENERAL DISCUSSION OF THE EXPERIMENT
The performances of the children in this class illustrate
some of the sub-skills which are important for success with
this task.
Firstly, the child must be capable of listening to and
reacting to simple instructions.

With children in the five

to six age-group it is quite usual to meet a few children
who while being basically intelligent and co-operative are
not at a sufficiently mature state of development to be
capable of responding fully to the instructions given by the
teacher.

It is possible to deal with this problem by

breaking down the instructions into smaller steps, or by
simplifying the whole task, as was done in this instance by
offering a smaller array of cups.
There may also be children whose attention span is not very
long, or who do not listen very well, and perhaps are prone
to distraction, or whose general intelligence is not
adequate for the task.

As was mentioned in the introduction

to this thesis, most of the writer's research interviews
were also teaching sessions for the children concerned.

For

this reason, stark statistical differences were not left
unattended-to, but each child's contribution was accepted,
and suitable guidance was offered so that the child's
experience could be extended and its performance improved
step-by-step without more ado.

This of course has the

effect on the presentation of results of tending to blur the
differences and to narrow the final range of results.

This

is why results have to be discussed within the context of
individual cases.
Another limiting factor for performance was the willingness
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of the child to explore the tactile map so as to find the
information which first identifies the target cup. Most of
the children were happy to attempt this and persistent in
examining the map until the marked discs were identified.
Any further differences between pupils then resulted from
differences in their spatial sense, and ability to remember
an array or the position of the target. Short-term memory
must also be considered in this connection and is discussed
in section 5.2 of this thesis. The one child who was
half-hearted with the actual map had a background of some
deprivation of normal activity which inhibited her use of
her hands. Her teacher had already done a great deal to
improve this situation and the child showed every sign of
overcoming this weakness in her development.
When children had obtained the positional information from
the map, the two remaining factors for success were
remembering the information for long enough to transfer the
hands from the map to the array of cups, and coupled with
this, having a sense of direction and position sufficient to
act upon this information. Blind children of similar
general intelligence do vary in their sense of position and
ability to navigate accurately. The map-makers and
environmental psychologists have explored these differences
in some detail, and they are of course found also in
fully-sighted children. A recent book by a research team at
the University of Sheffield (Spencer, Blades & Morsley,
1989) discusses the whole question of children's spatial
ability and Morsley has particularly investigated this in
blind children.
One talkative child, R, clearly described at an early stage
his strategy of counting cups from the left-hand side to the
target. This seems a fairly obvious and reasonable
technique for a child with very little vision (some light
perception only in his case), and in fact other children
gave evidence of this strategy. It was not felt to be wise

88.

to interrogate the very young children in this group to
discover if other strategies were in use.
The final factor affecting the children's performance in the
nine cup task was the possession of sufficient residual
sight, however imperfect, to allow an impression of the
whole array of nine cups to be viewed simultaneously.
a level of vision conferred a great advantage.

Such

Note,

however that the child still has to retain in mind the
information from the tactile map.

No child in the group

described had sufficient vision to see that as well, and
neither did any child feel the tactile map while they were
actually choosing the cups.
It also needs to be pointed out that one child, R2, despite
useful short-range vision still had a great deal of
difficulty with the task, although there were signs of
progress after four work-sessions.

This is a typical

instance of the way in which the initial evaluation of a
pupil's response to the task reflected upon the nature of
the child's difficulties and became responsive and
formative;

it helped to shape subsequent teaching.

It is necessary here to refer back to the more random or
abstract type of array used with some of the more proficient
children.

This in fact presented a less difficult task than

was surmised originally.

It appears that with this type of

array, once children have identified the target on the
diagram they are able to keep in mind a much smaller
sub-group from the array which contains all the relevant
landmarks for locating the target cup.

With such a

strategem it is not necessary to remember the whole array.
In this connection a quotation from Mackworth

& Morandi

(1967, p.551) is noteworthy:
"The perceptual process is continuously trying to find
simplifying regularities and consistencies to detect and
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discard unwanted, redundant stimuli which may overload input
channels".
As these "simplifying regularities and consistencies" emerge
they act as a kind of pictorial or structural mnemonic which
enables chunks of incoming information to be held and
handled in short-term (or indeed long-term) memory more
easily. Masses of information, whether tactual, visual or
verbal, which appear to be largely formless or
structureless, or whose structure is diffuse and monotonous,
are very difficult for the nervous system to deal with.
This applies to the higher cognitive

~tructures

of the brain

as well as to the more immediate perceptions of the
peripheral nervous system and the operation of short-term
memory.

(See Section 5.2)

Experience in the classroom with a variety of geometrical
and spatial operations leads the writer to believe that
similar difference would be found in a comparable group of
children with many of these tasks, and that similar factors
would operate to cause these differences.
The results from this very simple investigation suggest that
a series of educational experiences, many of them capable of
being confined to the table-top, could be devised to develop
the spatial ability of visually impaired children and
provide a worthwhile supplement to the larger-scale activity
of the mobility teacher.

Some relevant activities are

discussed at length in Chapter 9 and listed in Appendix 1.
It should also be noted that there is evidence from
experiments on kittens that an animal which is allowed free
exploration develops better understanding of its environment
than an animal which is passively transported over the same
ground.

(Held & Hein, 1963)

In a similar way, disabled

children who are pushed everywhere are less sure of the
direction which they must take to get to a desired
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destination in, say, their school than able-bodied children
or disabled children who propel themselves.
(Foreman &
Gell, 1990) Research on mobility maps with students in
higher education also demonstrated better understanding of
tactile map information by blind students who were active
explorers, as compared with students who were less
independent.
(Casey, 1978)

4.11 A CONSIDERATION OF THESE OBSERVATIONS IN PIAGETIAN
TERMS
Piaget spoke of generalised abilities which allow certain
basic reflex actions to take place as "Schemata". At birth
these schemata control the basic reflexes such as grasping,
sucking and looking.
Any new event in the child's environment is responded to if
possible by being "assimilated" into one of the schemata of
the current cognitive structure, eliciting then a stock
response. Such assimilation does not constitute learning,
for learning implies expansion of the cognitive structure; a
modification or extension of one or more of the existing
schemata. This process Piaget calls "accommodation". In
fact there is a sense in which all learning depends on
failure, a failure to solve a problem by existing
behaviour-patterns (Piaget would describe this as a failure
to assimilate the experience). Optimum conditions for
learning come from experiences which are mildly challenging
so that an amount of assimilation is possible which is
reassuring and encouraging for the learner, while at the
same time accommodation is necessary to take full possession
of it, thus extending the cognitive structure. If the
challenge is too great it may overwhelm and bewilder the
learner; if there is no challenge or too slight a challenge
learning will not take place or will be minimal.
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In dealing with individual children's responses the
teacher/researcher was trying to achieve optimum conditions
for learning for each child, though admittedly acting at the
time with the intuition which comes of long teaching
experience.
Piaget would have no difficulty in explaining in these terms
either Held & Hein's data from the experiment with kittens
(Held & Hein, 1963) or Foreman & Gell's findings with
disabled children (Foreman & Gell, 1990) or indeed Casey's
experience with blind college students. (Casey 1978)
Only by building up a wide range of schemata, in these three
cases from active exploration, can the kittens or people
concerned hope to make sense of their surroundings. To
continue to learn the child needs to experience situations
in which he/she can observe that his/her existing schemata
are too narrow or in other ways imperfect so that the
existing structures are modified or extended to accommodate
these new situations. If the child's experience is not
broad enough, and if the opportunity to explore is not
given, the exceptions to existing schemata will not become
apparent.
The next chapter of this thesis discusses the same situation
in rather different terms in discussing the effect of
long-term memory on tactual perception.
Piaget also describes the increasing utilisation of
cognitive structures in responding to the environment as a
child develops, with consequent lessening of the need for
the environment to be "here and now". Piaget's word for the
process is "interiorization". The building of more
elaborate cognitive structures make more complex problem
solving possible. Thought itself becomes a tool with which
to respond to and manipulate the environment. Piaget, in
fact, described stages of development, thus
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Sensorimotor stage

A very egocentric stage in which

objects seem not to exist for the child when
they cannot be seen or felt directly.
Stage of Pre-operational thinking

In

~hich

rudimentary concepts are established but in
which things can be wrongly classified by
transductive logic.
Stage of Concrete operations
solve

qu~te

In which children can

complex operations as long as they

are dealing with c~ncrete objects and real
events.
Stage of Formal operations

In which children can deal

with hypothetical and abstract situations.
Maturation in the physical, neurological and
genetic sense is important, but Piaget also"
emphasises repeatedly the need for cumulative
experiences with the environment.
He originally put forward this classification in a paper
entitled "Les stades du developpement "intellectuel de
l'enfant et de l'adolescent" at the 3rd Symposium de
I 'Association de psychologie scientifiquede langue
francaise in Geneva in 1955, but it is cited repeatedly in
English translations of his later works (Piaget

&

Inhelder,

1967, p.454) and in later commentaries on his theories.
(Inhelder et ai, 1987, p.141; Hill, 1990, p.115)
By the chronology which is usually given for Piagetian
stages one would expect the children who participated in the
experiment described above to be completing their transition
from pre-operational thinking to the stage of "concrete
operations" and the observations seem to bear this out.
Their increasing facility with language, not only to
describe objects, but also to specify (and indeed to
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remember and control) actions is likewise a notable feature
of development in this age-group.
Language becomes an increasingly important tool for holding
and comparing data, and for focussing and controlling
action.

Thus it may be that in the observations of the nine

cup experiment described above the two boys who were able to
talk about their strategy for remembering and correlating
the position of the target from map to table were in a
stronger position to make an accurate location than children
who appeared to be less mature and less able to describe the
experience.

However in considering this particular group of

children one should not fall into the trap of ignoring
personality differences in making this sort of judgement on
the observations.
From working with pupil G over many weeks the researcher
became aware that this child was of a quieter and more
self-contained disposition, not so prone to voice her
thoughts in public as the two pupils whose comments were
reported.

The mere fact that her strategy was not made

public did not mean that a similar cognitive process was not
being performed, and visual observation of her actions in
fact suggested that it was.
The development of language use and the understanding of the
language which allows place, relationship and action to be
described becomes a powerful tool for the control of action
and for relating that action to a current position and a
desired end.

The children who appeared to be less mature in

the group described above appeared sometimes to be acting
instinctively and their actions in response to the tactile
map seemed to be almost as likely to be wrong as right.
Restricted in scope though this experiment is and limited
though the learning potential of the equipment is,

it shows

among other things how a formative evaluation can be useful.
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Because of the learning problems of some children, and the
variable visual impairments of others it was helpful to
modify the teaching aims during the course of lessons.

Thus

with pupil B a smaller array of cups gradually built up the
skill of the pupil.

Similarly when pupil R2 was having

difficulty in translating the "map" information for the task
of the cup-choosing, the map was placed in close proximity
and in front of the array of cups to make one-to-one
correlation easier.

(It must be noted that even at this

stage this pupil's eyesight was still not good enough to
allow the pupil to see the map and the full array of cups
simultaneously.

A hand movement was still necessary.)

4.12 "CONJECTURE AND REFUTATION"
There are interesting parallels between the understanding of
learning put forward by gestalt psychology and the theories
of Karl Popper who writes on the philosophy of science.
Popper bel ieves that "we have been born wi th the task of
developing a realistic set of expectations about the world".
(Berkson

& Wettersten,

1984, p.16)

Popper's best-known book

about the development of scientific understanding was
entitled "Conjectures and Refutations" and of course
Popper's whole approach is sharper and more severe than one
would expect children to adopt.

Berkson and Wettersten

summarise Popper's view thus:
"Because we do in fact learn by conjectures and refutations
in an effort to solve problems, the best way to make
progress in the growth of knowledge is to focus on and
articulate problems, to conjecture solutions boldly and
imaginitively, and to assess the proposed solutions
critically."

(Berkson and Wettersten, 1984, p.27)

Popper would therefore applaud a "problem solving" approach
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to learning. While this may not be practical or advisable
as an all-embracing strategy for the education of visually
impaired pupils, the writer nevertheless believes that one
way to broaden the outlook of blind children is to encourage
them to make, and then evaluate, reasonable hypotheses
regarding the things they encounter. It is very easy for a
blind child to become inhibited by the fear of "making a
mistake". This problem is discussed again in section 5.4 of
this thesis.
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CHAPTER FIVE

QUESTIONS OF MEMORY AND STRATEGY

5.1 THE INFLUENCE OF MEMORY
Any perception based on tactual input has two components - a
sensory component and a memory component. Even if other
modes of sensory input are excluded. the haptic sensations
arriving at the central nervous system only partly account
for what is perceived. because these sensations are
integrated with the subject's memory of previous experience.
(most powerfully with previous TACTUAL experience) and are
then attended-to. identified. evaluated and responded-to in
the light of this experience. It follows that variations in
previous experience may be expected to modify the
perception. It also follows that any outside influence or
supplementary information which may alter the subject's
expectations will also have a marked effect on th~
perception.
To offer a simple explanation of this: Within the total
darkness of one's own bedroom. stretching out one's hand may
cause a fingertip to collide with. say. the top of an alarm
clock on a bedside table. In these fa~iliar surroundings
which signal a specific "expected environment". well-known
and precisely-located objects can be identified or predicted
with a surety which cannot be explained solely on the basis
of the meagre sensations of that brief touch. One has a
strong perception. not only of the actual objects touched.
but a knowledge of the environment constructed largely from
a memory of surrounding familiar objects and furniture.
Contrast. then. the experience of Sammy Mount joy, the
central character from William Golding's novel, "Free Fall".
(Golding, 1959 pp. 166ff) He is blindfolded and imprisoned
in a small cell. The last words of his inquisitor. Halde.
which remain on hi s mind are "If necessary. I wi 11 ki 11
you." In this frame of mind, his cell becomes a possible
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anteroom to a torture chamber and a moist, slimy lump on the
cell floor is identified as a piece of decaying human flesh,
possibly from a previous victim. It is only when he is
released from his place of confinement that a backward look
reveals the cell is merely a hastily-cleared broom cupboard
and the "human flesh" nothing more sinister than a
wash-leather inadvertently left behind. His mind had
created bizarre identities for the objects he had felt in
the darkness. This account, although fictional, is a valid
statement of experience.
These two lighthearted examples, the first homely and
familiar, and the other bizarre and threatening, offer a
clue to the range of possibilities for a blind person
reading a tactile display. Sensations received through the
fingers at the time of reading only partly account for what
is perceived, although by careful design what is provided on
the page may derive the utmost advantage from what is
contributed from memory.
Simple experiments with blind children from four to six
years old attempted to evaluate the relative contribution of
touch sensors to the identification of familiar objects by
artificially restricting the amount of, finger contact to the
tip of, the index finger and the opposing thumb as in the
picture. The fingers were held by the experimenter's hand
to prevent any perceptible sideways movements, but allow a
small freedom of pressure. The objects and contact points
are listed in diagram 6 and the results are given. Except
for the two slight variations listed, the identifications
were unanimous, and for the ball two additional bits of
information were offered by some of the children.
Plainly, complete identification of the items given would
not be possible from the restricted contact allowed without
considerable previous handling experience of the objects, or
to put it another way, it would be impossible to construct a
perception of these objects from the available sensations
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alone.
Similar results are found with tactile diagrams and pictures
and the result will vary according to the richness of the
subject's previous experience and the extent to which this
is relevant to the picture or can be brought to bear upon
the picture. A variety of responses are found which are
often so specific to the subject matter that no useful
purpose would be served by quoting individual examples, but
to attempt some systematisation of these, consider three
possible cases:
(a) Diagram not met before by subject, nor any similar
diagram.
(b) Diagram not met before, but similar or related diagram
has been used previously.
(c) Diagram or an exact copy met before.
The normal results from these three possible situations
appear to be as follows:
(a) The subject will understand the diagram if it bears some
similarity to objects from his/her real world and this
similarity is sufficiently obvious to the touch. The wider
the subject's handling experience, particularly if this has
included tactile pictures, the more proficient is he/she
likely to be.
(Compare Piaget's use of the terms
"assimilation" and "accommodation" in this sort of context,
discussed already in section 4.11.)
(b) Similar results to case (a) with greater chance of
success the more obvious the similarities are. Any clues
from braille titles, tape or oral instruction will enhance
the effect of the diagram.
(c) Recognition can be instantaneous from very slight
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contact. There is frequently no need for full scanning of
the picture. Serial reading of the shapes as in reading
lines of braille is not required.
Note the almost instantaneous identification which can
result from contact with a tactile picture. It needs to be
emphasised that such a quickness of identification is only
possible if the blind person is prepared to risk what
Guarnerio (1977) describes as "a trade-off between speed and
accuracy". The subject relies on the picture (or object)
not possessing bizarre and unpredictable distortions in the
spaces between the finger contacts. In the same way. with
one of the familiar objects described in the simple
experiments above. the subject is making the reasonable
judgement that there is NO surrealist sculpture attached to
the cup handle. for example. This would be very unlikely in
everyday life. although theoretically and practically
POSSIBLE.
This behaviour also accords with some of the postulates of
general information theory in which expected sequencing or
juxtapositioning of elements discovered can help to narrow
down the number of possibilities to be eliminated. and thus
reduce the information-processing load, (Attneave. 1959.
Chapt.2). as can the possibility of aggregating the
information into easily-remembered groups or patterns. which
also assists memory. (Ibid .• p.82; see also Chapter Four of
this thesis)
The operation of the mind in this sort of context was summed
up in a quotation from Maximus Tyrius. quoted by Gombrich
(1960. p.170):
"The mind. having received of sense a small beginning of
remembrance. runneth on infinitely. remembring all what is
to be remembred."
--Maximus Tyrius "Philosophumena"
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When we are presented with a mass of sensory information
which at first seems to be formless we try to discover some
pattern or rhythm in it; to make some sort of sense out of
it.

This is something we try to do from birth.

Our

attempts are very diverse, and a school of psychology,
gestalt psychology, is founded upon them.

In addition,

visual art often makes use of this behaviour for successful
communication of creative ideas.

These may range from

cartoons and caricatures to sparse line drawing styles or
tricks of colour and shading.

To a large extent they are

part of the very stuff of visual art which is admirably
described by Ernst Gombrich in his book entitled "Art and
Illusion" (Gombrich, 1960, Chapt.7)
With tactile pictures, as with visual art, the reader's
memory and imagination can be stimulated in such a way that
they can be encouraged to run ahead, and even perceive
things that are not really present at all.

In this way

tactile communication can be enriched.
These phenomena will be referred to in relation to specific
educational diagrams and pictures later in this thesis.

It

had been hoped to research more deeply, this whole question
of the mechanism of tactual perception in relation to
diagrams and pictures and in particular the contribution of
memory, but the necessary funding was not available and
other fully funded work on the development of tactual
ability had to be given preference.

Investigations which

have been made recently have made use of observations while
in contact with blind subjects for other research purposes.
This is the first publication of these observations,
although Hinton (1988a, p.16) drew attention to the
importance of memory.
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5.2

SHORT-TERM MEMORY

These comments on memory so far refer entirely to what is
known as "long term memory", namely the memory store which
is retained, and can be reflected upon and brought into use
as required.

There is also a phenomenon known as "short

term memory" which acts while manipulations and explorations
are actually in process and which enables individual
sensations or sensation arrays to be integrated and
interpreted without appearing to register in any permanent
sense in the brain.
Long-term storage may in fact generally involve a
strengthening of the memory trace by repetition of the
event, either directly or by mental "rehearsal" after it has
occurred.

Millar (1974) found that short-term memory

impressions decayed both after an unfilled delay of time and
under the influence of attention-demanding distractors, but
that there was no statistical interaction between these two
effects.
Her data appeared to support the hypothesis of Gilson and
Baddeley (1969) of "a tactile impression which delay
degrades or makes less accessible and a longer term process
requiring capacity with which distractors interfere".
(Millar, 1974, p.262)
This short-term memory is vitally important for the

.

environmental understanding and tactual learning of blind
people.

Hinton (1984, p.21) drew attention to the problem

which blind observers have in bringing overall coherence to
a series of tactual observations which are, from the nature
of their method of collection, fragmented.

Even within the

bounds of a single page there is a problem for a blind
reader in relating diagram components to each other; in
drawing them together to make a recognisable form or
"gestalt".

It seems to be the short-term memory which holds

the available information until this gestalt emerges from
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the welter of incoming touch sensations. This process is
necessary whether the features spread beyond a
hand's-breadth so that they have to be sampled successively,
or whether they can be held simultaneously, but are detected
by separate nerve-endings.

5.3 SCANNING AND LEARNING
Much of the published intensive research on tactile diagrams
has been directed at discrimination, scanning and tracking
needs and has been carried out in the context of a
controlled experiment involving a simple texture or symbol
matching test (Nolan & Morris, 1971) a tracking test, often
on a carefully-devised "pseudomap" (Berla, 1972); or some
kind of scanning exercise.
Such controlled experiments are a necessary step in the
process of learning about tactual displays in general, and
particularly about map-like formats. The important
information which is gained by this kind of research does
not, however, tell the WHOLE truth, even about map use, and
particularly where the more PICTORIAL forms of display are
in use, new contextual factors operate within the overall
perception, and a whole new collection of considerations
have to be addressed when the tactile is being used to
convey real informatiomn in the classroom.
A similar situation is met by mobility specialists who use a
tactile map to provide way-finding information.
(Bentzen,
1972; Kidwell & Greer, 1973) For example, a given texture
or symbol must be not only discriminable, but meaningful in
the context"inwhich it is used.
In picture format it is also clear from the author's
observations between 1985-1990 that with experience and
confidence a blind person recognises features of a picture
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(or an object) quite rapidly, and without first going
through a process of exhaustive exploration and
introspection.

In the author's contact with established

teachers and lecturers working with blind students it is
occasionally said, "Well of course, tactile pictures are
read just like braille.

The fingers scan across the page

serially from left to right and then finally interpret what
is felt".

None of the writer's observations suggest that

this is generally so, although it is possible to think of a
few diagrams whose structure would cause the reader to work
in such a manner.

What generally seems to happen is that

structures and components quickly emerge from the picture as
a gestalt during the preliminary touch of the page, and that
meaning is then attached to these by the reader (see also
pp.78ff. of this thesis). Recognition can be in some cases
quite rapid--so rapid that it appears to be instantaneous.
As this thesis stresses repeatedly, this recognition only
comes as a consequence of more fundamental handling
experience, operating on two levels:

(a) the level of simple

shape in the geometrical sense; and (b) the level of form
and organisation as found in the subject-matter under study.
For example: an apple is identified first as a
slightly-deformed circle or sphere, and then it is
recognised within a subject context as fruit and apple.

As

the percept takes shape at each level the reader may need to
check the presence or absence of additional minor features
to select the most likely contenders from a range of
possibilities before eventually arriving at a diagnosis.

5.4 SPEED AND ACCURACY IN SCANNING
In much the same way that rapid judgements of the
identification of concrete objects can be made by a
spatially-restricted touch,

judgements can be made rapidly

from sequences of sensation in the scanning of objects and

105.

diagrams.

Often at even greater speed in fact, because of

the richer array of sensations collected.
Guarnerio's comments (Guarnerio, 1977) about the trade-off
between speed and accuracy still apply here of course.

No

blind person could keep up with the pace of modern life and
education without being prepared to risk occasional errors
from snap judgements, or to quote Millar,

(1975):

"Sacrificing some accuracy for speed is more economical when
dealing permanently with relatively slow inputs".
Education must provide the person with the skills and
experience to be able to consider a sufficiently wide
selection of alternatives for each life-situation, and with
the maturity of judgement to decide upon the necessary
limits of this selection.

Part of early education should

provide blind children with the security and lack of
embarrassment from possibilities of destructive assessment
by teachers.

This would encourage the child to advance

reasonable postulates on the basis of the available
evidence, and then take steps to collect additional specific
evidence to allow them to eliminate some of the
possibilities.
Classroom experiences lead the writer to believe that far
too often, because of their experiences of pressure from
unskilled teachers or over-ambitious or ill-informed parents
blind children can be afraid to put forward a suggestion
because of the fear that they may "make a mistake", and
thereby earn condemnation.

Because of this inhibiting fear

of being put into a situation where they appear to be
unintelligent or stupid they are not willing to "have a go".
Many learning situations can thus unnecessarily remain
entirely passive and didactic if the opportunity to make an
attempt or to "put up a suggestion as a basis for working"
is not provided.

It is vital that teachers should find ways

of breaking out of this vicious cycle of inhibition and
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resulting passivity, and that parent counselling makes the
parents of blind children aware of this problem at an early
stage.

5.5 USING YNGSTROM'S METHODS WITH 4-6YR OLDS
Arne Yngstrom is a Swedish teacher with a particular
interest in orienteering as a sport and a recreational
activity.

In recent years he has devoted much time to

finding ways in which young people who are blind can be
taught to take part in orienteering activities.

To do this,

of course, they need to learn to relate their personal
mobility and space awareness concepts to some type of map.
Yngstrom's teaching methods follow a carefully thought-out
sequence from tracing round the fingers of the child's own
hand on German Film, and on to relating simple table-top
models to a drawn plan, before small-scale navigation
through an obstacle course with the aid of a map, and so on.
(Tatham

& Dodds, 1988, p.91-108)

There is no doubt that Yngstrom's teaching methods with
young children are soundly compiled and contain much that is
of value to young children.

This is not to say that his

published lessons are in any way complete as a
line-of-approach with all blind children in the target
age-group.

In fact very few blind children, and those only

with a particular background of parenting and experience,
can begin the Yngstrom lessons without preparatory training
in manipulative and control skills, and Yngstrom
pre-supposes a certain minimum of basic mobility skill.

The

children should have some knowledge of parts of the body,
and the ability to find and recognise these in other people
as well as themselves.

They also ought to have a little

experience with simple geometric shapes, and the recognition
of everyday objects by touch.
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If they are to trace and draw on German film in the way that
Yngstrom.describes they must first learn to hold and
manipulate a pen. It is necessary to be able to trace round
a template accurately by following its shape closely. It is
necessary to make a consistent and distinctly-raised line on
the film by holding the pen upright and controlling the
pressure on the mat. Too much pressure and the pen digs
into the mat; too little pressure and no tactile line is
left behind. In this connection it should be mentioned that
during work with blind children between 4.Syrs and 6yrs old
the writer observed that these children appeared not to show
a preference for either right or left hand as early as
fully-sighted children in this age group, and this lack of a
favoured hand could hinder the development of a firm and
controllable pen-grip.
In the absence of sight it is vital that children get plenty
of practice in the sensorimotor or kinaesthetic sequence
experiences which result from following particular simple
shapes. This can best be done in the early stages by laying
aside the pen, and drawing round templates or objects with
the index finger. The shape should be followed repeatedly
in this way before any attempt is made to draw round the
shape on German film. Experience in relating an outline on
film to the concrete three-dimensional shape should also be
provided, and this IS something which Yngstrom emphasises in
his publications. (Ibid., p.94) It must be remembered that
silhouettes (in conditions of reduced light) and outline
representations are very much part of the.visual scene, but
are not really part of the blind person's normal experience.
So if outlines are to be used the correlation of outline to
solid object must be learned. In the classroom it is useful
to provide a selection of objects of the brick and cocoa-tin
type and to present them to the pupil in various
orientations, asking the two-dimensional shape from a given
viewpoint. Many five-year-olds do this with ease, but some
can only make the necessary leap-of-imagination after
careful teaching.
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5.6 MEMORY AND EXPERIENCE
To recapitulate the concerns of this chapter:
What is contributed from the pupil's memory forms a vital
part of what is perceived from a tactile picture, or indeed
from anything handled by a blind person.

The reservoir of

tactual experience on which that person can draw will be
enhanced by wide-ranging touch experience of all kinds
(aided by what is experienced by the other senses).

This

needs to be begun in the child's earliest years if possible,
and can be further strengthened by imaginative and carefully
presented educational experiences at school.

Yngstrom's

methods (described above) are a good example of how part of
this experience can be offered.

Other suitable learning

activities are discussed in Chapter 9 and listed in the
appendices to this thesis.
In discussion about tactile diagrams and other spatial
concepts the congenitally blind are said to be a
particularly disadvantaged group by "having no visual
memory".

The next chapter will discuss the educational

implications of congenital blindness and the extent to which
this type of statement is appropriate.
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CHAPTER SIX

cqNGENITAL BLINDNESS

6.1 THE USUAL PATTERN OF DEVELOPMENT OF TACTILE-KINAESTHETIC
ABILITY IN YOUNG SIGHTED CHILDREN
Before considering some of the effects of congenital
blindness on a child's development it is worth summarising
briefly the normal pattern of tactile-kinaesthetic ability
in young children as described by Williams, (1983).
Most of the tactile perception ability develops by the age
of five. There are no differences among five to eight year
old children in the ability to locate one point stimuli, but
four year olds are less accurate. There is unfortunately no
information on developmental changes in the two point limen
test. Only 50% of five year olds are able to tell
consistently when different fingers are touched
simultaneously or sequentially. There is a steady
improvement in this ability from four to eight but little
improvement thereafter.
Three year olds tend to explore an object by grabbing and
patting it, but four year olds begin to move their hands in
meaningful exploration. Five year olds are more systematic
and by six the child uses the fingers to examine special
features of an object and discover relationships. 'There is
little apparent difference in ability to compare shapes
between the ages of five to eight except that eight year
olds are slightly faster. Ability to reproduce designs
drawn on the back of the hand improves continually from four
to eight year olds.
Eight year olds are much better than five to six year olds
in their ability to reproduce a given limb movement. When
blindfolded, five to six year olds are generally unable to
keep a straight path throughout a 20ft distance, whereas
eight year olds are significantly more accurate.
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Six year old children with more advanced tactilekinaesthetic ability are superior to those with less well
developed tactile-kinaesthetic abilities in both gross and
fine motor tasks.

The differences in performance in the

fine tasks are much greater between the two groups of
children.
slight.

By the age of eight, the differences are very
Although for younger children the level of tactile-

kinaesthetic functioning is not an important factor in the
level of achievement in reading or conceptual development,
it is much more important with older children (twelve to
fourteen years).

Williams (loc.cit) believes that it is

possible that poor tactile-kinaesthetic development reflects
weak cortical development which does not hinder simple motor
tasks, but affects higher order cognitive operations much
more severely.
In connection with research described in this thesis there
are just three aspects of this developmental sequence which
deserve immediate notice.

Firstly, there is little apparent

,difference in ability to compare shapes between the average
five-year-old and the average
increased speed.

eight-year~old,

except

This suggests that difficulties with

descriptive tactiles presented to children at this age and
beyond should not stern from a simple inability to
discriminate and compare shapes.

There may be difficulties

related to the type of information presented.
The second point that may be noted is the improved ability
to reproduce designs drawn on the back of the hand between
the ages of four and eight.

It seems reasonable to suppose

that this runs parallel to a general improvement in drawing
ability.

With blind children, as has been mentioned in

Chapter Four of this thesis, there are all sorts of
hindrances to the development of the necessary skills, but
the exploratory and drawing experiences which have been
suggested in this thesis as being suitable for children in
this age-group should support and enhance this development
in blind children.
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Finally, the impact on higher-order cognitive tasks of poor
tactile-kinaesthetic development is noted.

Where blind

pupils have been taught in a way which does not strengthen
tactile-kinaesthetic ability, often because some of the more
practical and manipulative activities have seemed less
important for blind children than the acquisition of
information, it seems likely that cognitive development may
also suffer, at least by the age of eight.

It is unwise to

generalise about this for all visually impaired children,
but it is likely that schools should put more stress on the
systematic provision of opportunities for the development of
tactual ability in such children.

6.2 THE EDUCATIONAL SIGNIFICANCE OF CONGENITAL BLINDNESS
In the past a great deal has been written about the
insurmountable difficulties of congenital blindness.

Much

of this writing has been unnecessarily pessimistic and some
of the assertions made about the predicament of the
congenitally blind are not in fact borne out by carefully
investigated facts.

(Birns, 1986; Cromer, 1973)

Controlled

experiments do not suggest that congenital blindness imposes
any further limits on a blind person's general performance,
given an adequate education, than late blindness, although
it is admitted that the congenitally' blind person works
against a sensory shortfall which needs to be overcome by
careful provision.

It is also clear that there are

individual differences in performance which over-ride the
late blind/congenitally blind division.

Some of these may

be the result of differences in earlier educational
experiences.

(Tobin, 1972, p.196)

It was a commonly held belief among some teachers and
others, including the less-fortunate congenitally blind
people of an earlier generation, that "the
congenitally blind cannot understand tactile diagrams" but
careful work and observations under conditions which are
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fair to the blind person show that this is far from the
truth.

The present writer has worked with some congenitally

blind teenagers and younger children who are highlyproficient in using diagrammatic forms of representation,
not only as an aide-memoire after careful schooling, but
freely,

imaginatively, and with genuine understanding.

Many

congenitally blind people of an older generation went
through a more didactic educational system in which rotelearning was a notable feature.

When they complain of

difficulties with diagrams, their complaints need to be
taken very seriously and met with sympathy and tact, but in
the writer's experience rarely denote an insurmountable lack
of ability.

There is simply a lack of the type of

preparatory experience which would lead to success.
Happily, some of these people have found enjoyment and
interest to a degree in illustrations for leisure pursuits
which are now becoming available.

(e.g. Hinton, 1986 &

1989b)
What differences do need to be borne·'in'mind therefore?
There are some visual concepts such as colour, light and
shade which can only be approached by the congenitally blind
person through some mental effort unsupported by direct
sensory experience.

Despite this, such concepts as colour

can be usefully employed by association, and perhaps by some
inexplicable imaginative construct understood by each
congenitally blind individual only according to his or her
personal definition.

They become, therefore, concepts which,

are virtually impossible to describe and yet may be
convenient to use in conversation.
Beyond such necessarily visual phenomena, most concepts can
be learned by direct sensory experience if adequate
opportunities are provided for direct encounter.

However,

such encounters may not occur naturally in everyday life.
It is thus vital that this type of opportunity is provided
in the home or in formal education, particularly for the
young congenitally blind

child, and that objects which are
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not directly approachable because of their size, or for
reasons of safety, are presented through some "reality
substitute"

such as a model.

To cite two examples which are relevant to this discussion:
A congenitally blind 14year old in the North of England was
found to be unaware that the body shape of men and women was
different and was therefore unable to begin to understand
their differing reproductive function.

At his age it was

obviously a fairly urgent matter for his teachers to ensure
that this lack of understanding was put right, and the
writer was involved with the Health Education Authority in
providing suitable teaching materials for this purpose.
(Hinton, 1988c)

One can understand why the boy mentioned

had not acquired this knowledge, because to understand the
secondary sexual characteristics and body shape differences
of human beings he would need to feel live human bodies or
good models.

He was debarred from direct experience of this

by normal etiquette and taboo, particularly where the
opposite sex was concerned, and apparently models had never
been provided for him.

Small wonder that another such pupil

once confessed to a sympathetic female teacher that in his
early-teens he deliberately contrived to fall against a
female member of staff occasionally

fo~

no worse motive than

wanting to obtain some of the morphological understanding
which he knew he lacked.
Even where adequate models are provided by an understanding
teacher in a sympathetic environment there is a degree of
embarrassment which prevents a blind student from exploring
parts of the model in public with the intensity which may be
necessary for acquiring full understanding.

This is why

such students need a degree of privacy in this study which
can only come from individual use of the teach(ng materials.
A completely different aspect of the problems which exist
for congenitally blind students was the blind 9year old boy
already mentioned who was found by the writer to have no
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knowledge of egg-cups, because when he ate a boiled egg his
mother always fed him for fear of getting egg on his
clothes.

Hence, he had never handled an egg-cup, and

probably had never handled an in-shell egg.

So he did not

realise that the egg would tend to roll on a flat table and
so was normally held in a special vessel called an egg-cup.
An illustration of an egg-cup thus meant little to him.
Such illustrations underline the need for wide-ranging
handling experiences from earliest childhood, and for
parents and teachers to be aware that such experiences need
to be provided in a deliberate and cumulative manner.
Another characteristic of this condition is that the child
does not have the strong visual role-models to copy which
are so potent in shaping the techniques and behaviour of
fully-sighted children.

This can weaken the drive to

attempt early activities such as standing upright and
walking, for example, and at school it can also make such
tasks as the controlling of a pen, scissors or other
implements more difficult to learn.
The acquisition of an adequate pen-grip, important for a
blind child learning to draw on German film,
example of the kind of difficulty.

is a clear

For the fully-sighted

child it is possible to adjust the grip on the pen WHILE
LOOKING AT THE TEACHER'S PENHOLD in a way that can give
relatively quick results.

Blind children can only feel the

teacher's grip, aided by suitable instructions from the
teacher, and then have to try to retain a mental model of
this grip while attempting to recreate it.

It can be done,

but with a lot more difficulty and after more trial-anderror than most fully-sighted children would need.
This problem also affects such activities as the drawing of
straight lines free-hand as a preliminary to other drawing
activities.

In classroom work in connection with this

project it has been found helpful to practise straight lines
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by constructing a "fence' for which the teacher draws two
horizontal lines about 5cm apart.

This gives the child a

definite starting and finishing mark for a series of
vertical lines. and a mildly interesting context in which to
work.

The close span of the two horizontal lines avoids the

complications of forearm drag during the drawing of each
line. and also reduces the chance of wandering which a
longer line without parallel reference points would present.
The distance can of course be increased as the child's skill
develops.
Similar problems can occur with tasks such as drawing round
a template.

Here part of the problem. in the absence of

visual feedback.

is that the sensation of drawing the shape

needs to be experienced as a psychophysical sequence.

The

actual kinaesthetics of the operation need to be experienced
by the child's joints and muscles.

This is of course even

more important in the earlier stages of learning these
skills.

In a teaching session the writer would normally get

the child to draw round the template with the index finger
"to see what it feels like" before using the pen.

To remain

in close contact with the template requires some inward
pressure. and the direction in which this needs to be
applied will change as the pen progres.es around the shape.
The pupil can only avoid skidding away from the template by
being aware of what is coming ahead of the pen.

This

knowledge comes partly from experience. and partly from the
use of a finger of the free hand to feel ahead of the pen.
(Some more dexterous pupils may use the lower fingers of the
hand that holds the pen.)
Similar teaching techniques may also be necessary with blind
children with some history of vision. depending on
individual needs.

Only by adequate interpretation of the

kinaesthetic feedback using experience built up through
plenty of practice can the blind child's drawing skill be
consolidated.

Incidentally. it is vital that teachers do

not restrict the use of items like German film for reasons

116.

of economy.

A child with normal sight lays down the

foundation of drawing technique in early childhood by
"scribbling" on countless scraps of paper.

Thus fully

sighted children in a nursery school go through a
progression of making enjoyable hand and arm movements with
paintbrush or crayon in hand (perhaps even with fingerpaints), so that the movements are traced by lines or
patches of colour on a sheet of paper.

Then at a later

stage these shapes have simple meanings attached to them by
the child, who then begins to feel the need to refine and
develop the link between the marks and what is depicted so
that the meaning becomes clear to an audience.

The

opportunity to experiment is vital for the acquisition of
control and fluency.

It is not unusual for the blind child

who is encouraged to draw in school (and not all such
children are) to find that there is no opportunity for
experimenting between formal lessons.

The writer has found

it necessary in teaching to provide the child with a few
spare sheets of film for free practice in spare moments in
class or even to take home to show parents or to work in
privacy.
With regard to opportunities for direct contact with
concrete objects, there are of course

~articular

problems

with objects which are inaccessible for safety reasons, or
because their size is too vast or too minute to be
detectable.

Here the only thing that can be done is for

some kind of reality substitute such as a model to be
provided.

With all models or tactile pictures it is

important for the child to be aware of the relationships of
scale.

It is often helpful to make some anthropomorphic

comparison to make clear the real size of the object
depicted.

If extremes of size make this impossible then a

description of size or magnification/reduction should be
provided in some form appropriate to the sUbject-matter and
to the educational development of the pupil concerned.
It is also important to ensure that the child's experiences
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are not entirely formal and instrumental, but offer also
opportunities for imaginative and creative activity,
Anderson (1984, p.209) suggests, I think, paraphrasing Olson
(1981, p.375), that:
"the curricula of nursery and primary schools should
encourage congenitally blind children to investigate more
creative or novel uses for common objects rather than simply
to use the objects in a stereotyped, prescribed manner.

If

the creative tendencies of these children are to be
enhanced, the children need to be challenged and encouraged
to explore the properties and uses (real or potential) of
objects, individually or in combination.

Since blind

children cannot imitate the exploratory and play behaviour
of other children whom they cannot see, teachers and parents
must model ways to explore and assist them to invent or
discover new and different uses for objects."
From the writer's own experience of visually impaired
children in school during current research it is clear that
much is being accomplished along these lines in present-day
schools.

There is also a heart-warming readiness on the

part of sighted peers, or children with more residual vision
to involve a blind child in play acti~ity.

Nevertheless, it

is still true that it is the tendency of the condition of
congenital total blindness to cause passivity in the
sufferer, and this needs to be overcome if the child is to
lead a full life.
It is also true that in the competition for time and
resources in the educational curriculum, creative,
imaginative and play opportunities tend to be given low
priority.

The congenitally blind child loses more from this

situation than does the child with full vision.
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6.3 OLDER CONGENITALLY BLIND PEOPLE AND THEIR UNDERSTANDING
OF A SCENE
Much of the present writer's earliest work with tactile
pictures as distinct from the more stylised graphic displays
involved the depiction of objects or parts of objects in
isolation.

Such pictures can take the form of a simple

plan, elevation or section and therefore be free of the
complications of perspective which influence the depiction
of a scene in pictures for fully sighted people.

It cannot

be too strongly emphasised that perspective is a purely
visual phenomenon and is completely beyond the normal
experience of a congenitally blind person, although the
analogous fadi'ng of sound with increasing distance is a
phenomenon of which blind peopl. are aware, and this can be
used as an illustration.

The decreasing angle from the

horizontal of a sound-producer as it moves further away is
also used by the writer in teaching about perspective to
blind adults.

The voice of a tall person close to the

hearer appears to come from a high source, whereas as the
speaker moves away the source seems to become lower and
lower as well as more distant.
page.)

(See diagram on opposite

The parallel is easy for an adult to understand.

Perspective will be discussed in more'detail in relation to
visual picture perception in Chapters 8 and 9 of this
thesis.

What has also been interesting in the writer's

recent work with congenitally blind adults has been the
discovery of more obvious features of pictures which are
almost universal in the experience of the fully sighted and
yet completely unknown to the congenitally blind person.
One example is the depiction of people facing in directions
other than towards-the-artist.

A very intelligent

40year-old man who was congenitally blind was recently shown
a tactile representation of a painting in which a woman was
shown from her back view.

He became absorbingly interested

in this picture because he said it had never occurred to him
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that an artist or photographer might show someone's back
view.

Yet the more he thought about it the more he realised

that this viewpoint not only told him a great deal about the
arrangement of the room, but also helped to explain the
social relationships between the woman and the people with
whom she was in conversation.
Another feature of visual pictures which is really one of
the fundamental aspects of perspective is the wa'y in which
nearer objects are shown towards the bottom of the picture,
and more distant objects towards the top.

This is something

which congenitally blind people have to be taught to
interpret.

It is outside their normal experience, unless

they have useful residual vision.

Bach-y-Rita (1972) and

his colleagues (Guarnerio, 1974, p.103; White et aI, 1970)
had to deal with this problem in their TVSS training and the
author has had to teach users of tactile representations of
paintings to understand the same phenomenon.
For the blind person objects are related in space by their
distances and directions from each other in absolute threedimensional terms.

Where the distance overall is greater

than the subject's arms can stretch the distances between
features may be understood in terms of the distances
travelled in getting from one to the ,other.

Thus for the

blind person there may be a passage of time between
observations of one feature of the landscape and another,
while for the fully sighted person the distance may be
traversed by the eyes almost in an instant.

It is the lack

of this instant scanning which is perhaps the severest loss
for blind students doing environmental fieldwork;

individual

features may be examined and assessed with ease, but to
absorb their spatial relationships with any accuracy may be
very difficult.

Maps and diagrams help a great deal with

this problem.

(c;.re~, IQ~~ p7olt.)
Both von Senden, and Gregory and Wallace (1963) were able to
work with congenitally blind people whose sight' had been
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restored after eye surgery.

Gregory (1974, p.92) reports on

such subjects responding to standard perception tests and
visual illusions as well as to objects from their everyday
environment.

Gregory found a frequent referral back to

tactile experience obtained while they were still blind, and
often an inability to identify objects until they were
verified by touch.
1984.)

(See also the closing pages of Hocken,

Subjects were able to describe features of an object

which they could see without arriving at an identification
of the whole object.

Gregory also found that in the early

drawings of Sight-recovered people features were sometimes
exaggerated according to their tactile importance, and the
artists could have great difficulty in representing features
which they had not had an opportunity to touch.

(Gregory,

1974, p.102)
In some cases drawing skills improved along with other
abilities in the newly-found world of vision,

(Ibid., p.105)

but there were cases where reliance on tactile information
could never be completely abandoned.

(Ibid., p.106)
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CHAPTER SEVEN

EFFECTS OF PICTURE FORMAT

7.1 OUTLINE PICTURES
Kennedy is particularly interested in the perception of
outline images.

(Kennedy, 1974, p.106ff.)

He describes

various examples of tactile pictures, including some
actually made of distracting and confusing elements (like
shells).

He concludes that drawings and particularly

outlines must be kept simple.

However, it appears to the

writer that he oversimplifies the conclusions which he draws
from some of his earlier smallscale experiments, and
overrides differences in previous experience.

(Ibid., p.152)

Also his statistical conclusions seem unproven, because he
does not isolate and control against a number of possible
causative factors.

For example, he does not deal with the

problem of scale in comparing a fork drawing with a
diagnosis of "a hand and arm" (for example).

Neither does

he take into account the atypical shapes given to some
objects in the illustrations he used.
Kennedy's main conclusion, based on use of four plane
outlines (hand; fork; man-with-arm-raised; flag) and four
projective line drawings (face; cup; man-with-arms-crossed;
table) was that there appears to be some deep-rooted human
capacity to understand outline depictions of solid objects,
a

capacity shared by sight and touch.

p.152)

(Kennedy, 1974,

Here again, the possibility of previous relevant

experience with pictures is not discussed.

The writer's

contact with old and young congenitally-blind and
early-blind people provides evidence that practical
experience of pictures and conversation relating to pictures
undoubtedly takes place, even if these experiences are
generally casual and not pedagogically organised.

They

quite clearly could affect the results of experiments like
those of Kennedy.
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According to Kennedy's description, brain cells outside the
main touch and vision pathways, but with access to both,
deal with discontinuities in either vision and touch and
accept lines as equivalents of the discontinuities.
p.112).

(Ibid.,

Picturing was discovered by early men and not

invented by them.
The writer believes Kennedy's interpretation (Ibid, p.154)
to be too simplistic and to gloss over some other possible
explanations for results which are after all generalisations
from a rather small sample.

It is quite plain from the

writer's fieldwork on the development of touch perception in
children up to the age of nine that the ease of
interpretation of straightforward modes of tactile
illustration has a lot to do with the degree of exposure to
the crucial shape.

For example, the writer included within

a selection of tactiles used to assess

the ability of 4 to

6 year old blind children to identify tactile pictures
without textual support, two sectional diagrams of fruit
which were in fact produced for GCSE examination courses.
The first, of an apple, was correctly identified by children
down to the age of three-and-a-half (the youngest children
worked with).

The researcher cannot remember any blind

child failing to identify the subject of this picture,
although not all of its components were understood by the
younger children.

It was found, however that the children

were basing their diagnosis mainly on superficial
characteristics such as the basic shape, and the presence of
a stalk.

In this diagram the bold presentation permits no

likelihood of figure/ground confusion and similar
misunderstandings.
It was interesting that the comparable diagram of a rose-hip
was hardly ever identified by younger children without
recourse to accompanying braille text, although this diagram
was similar in its style.

The researcher believes that this

was simply because the rose-hip is not a fruit with which
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young children. and particularly young BLIND children are
very familiar.

They were aware of the existence of such a

fruit. and perhaps had drunk rose-hip syrup. but rarely if
ever handled the fruit.
Pring. another researcher who uses mainly outline drawings
similar to those of Kennedy. recognises a conflict between
"views expressed within the framework of visual perception"
and the way the sense of touch operates.

(Pr ing. 1987. p. 38)

The writer's classroom experience suggests that with the
simple planar diagrams produced on German film (which gives
very similar results to the Sewell board which Pring used)
the ability to identify and interpret a picture depends very
much on the form and complexity of the drawing.

When this

is done successfully without textual or teacher support it
is often by the use of relatively superficial features of
the drawing. and as Pring discovered. a simple confusion
over components of a drawing can lead to early confusion
between the stalk of a flower and the handle of a toothbrush
(to use Pring's example).

(Ibid. p.42)"

There is a strong tendency for line drawings of this sort to
rely heavily on artistic conventions established for visual
art where the image is supposed to be related to the view of
the real world perceived by the retina ieceiving focussed
light through the eyeball.
Gombrich. 1960. p.213)

(Reed & Jones. 1982. p.270.1966;

While some of these conventions may

pertain to and be relevant to the hand's impression of the
world. and others have for the time being an ease of
manipulation which permits convenience in educational use.
still other conventions are less relevant to the hand's
sensations. and may be very difficult for a blind person to
comprehend.
It may in fact be a hindrance to general
understanding that such comprehension should be attempted.
Kennedy's resonant phrase "Lines --- depict visual
discontinuities" is. however. useful as a descriptor of line
drawing (Kennedy. 1974. p.132). and Kennedy in his work on

125.

visual art discusses the various types of discontinuities of
colour, texture, orientation, illumination and the way in
which they may be depicted and understood in visual line
drawings.

(Ibid., p.106 ff.)

The work on visual processing

and the "primal sketch" which Watt (1988) describes is a
recent development of this approach to picture analysis.
(This is discussed further in the next chapter of this
thesis.)
Kennedy also describes the perception of receding objects by
TVSS subjects in a way that suggests he has overlooked the
amount of training that was devoted to allowing the subjects
to correlate actual concrete happenings with what they felt
from the TVSS array.

(Kennedy, 1974, p.150)

He also mentions the work of Fukarai who introduced blind
children to drawing via pottery statuettes.

Fukarai also

enriched their experience with dance and mime, sometimes
using mime actions to create marks on paper to which the
teacher would glue sand to make the marks tangible.
(Kennedy, 1982, p.315)

It appears to the writer that

Fukarai's multi-media approach would constitute a good
teaching strategy.
The much earlier work of Merry

& Merry

(1933, p.148-163)

has already been cited as an example of sweeping
generalisations being made on the basis of responses to
diagrams of poor quality.

They also found that after

practice their subjects identified fewer pictures than at
the beginning.

Among other shortcomings their investigation

did not check the possibility of a drop in motivation, and
they therefore drew unfavourable conclusions about the
ability of the blind to understand haptic pictures.

The

Nuffield report of 1968· (Fletcher, 1968) echoed this
pessimism despite quoting in an appendix blind students who
said that pictures are recognizable and interesting.
Millar (1975) was concerned mainly with the cognitive
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process but she also had blind children drawing people,
which they did recognizably on many occasions and her work
demonstrated the benefit of some teaching and experience to
her blind subjects.
Kennedy and his collaborators presented a number of simple
drawings to adults and recorded a high recognition rate.
(Kennedy, 1982, p.318)

Although their blind subjects tended

to be less adept at this some could be BETTER than their
blindfolded sighted subjects.

Once again the previous

experience of subjects was not known, and as Tobin points
out,

(1972) this experience is relevant to the

interpretation of results.

When making their own "drawings

of three-dimensional objects Kennedy's blind adults and
chi Idren often used "bulky 1 ine", "enc los "ing 1 ine" or
"fold-out" techniques to show depth.

(Ibid.," pp. 320 ff.)

There was also some (apparently instinctive) use of thick
and thin lines for near and far portions, although the
educational backgrounds of people who used these techniques
cannot be checked.

Also from actual pointing and movement

tests Kennedy found some suggestion of knowledge of
perspective phenomena, but seemed unable to discover whether
this was learned or intuitive behaviour.

Kennedy fails to

give a reason why this behaviour should be INTUITIVE in
congenitally blind subjects.

Some of the adults also made

use of additional graphics to indicate movement, including
representations of footsteps, bending wheelspokes and a
"smoky spiral" (my term, not Kennedy's).

Kennedy tries to

differentiate between what is LITERAL in these techniques
and what are METAPHORS.

(Unsuccessfully in the writer's

estimation. R.A.L.H.).
Kennedy also describes a system devised by Campbell and
himself to show features such as slope and concavity.
p.330)

(Ibid,

From the writer's educational experience with blind

students this system, though logical, would appear to be an
unnecessary complication and one which contains features
which are themselves possible causes of further confusion.
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Kennedy only illustrates the use of this system by an
extremely simple example, whereas the writer has designed
and used many hundreds of tactile diagrams which have been
found to be effectively interpreted by blind children and
older students, and in many such diagrams Kennedy's code
would be hopelessly submerged.
Kennedy's judgement is that a display can be so simple that
it does not contain enough information to clarify lines, and
yet it can be serviceable.

The writer would agree that

local difficulties can sometimes disappear if the
over-riding message of a tactile picture emerges clearly,
but this kind of experience cannot be universally assumed
and it should certainly not lead the picture designer to
ignore possible sources of confusion in picture components.

7.2 FORMAT ADOPTED IN THE PRESENT PROJECT
In the writer's own work simple outline drawings have been
found to be insufficient for effective educational use
except for very simple subjects such as plane geometry, and
outlines wellknown to the pupils.
The hand and other touch sensors are equipped to receive
three-dimensional information about the three-dimensional
world, and making sensitive diagnoses from this information.
Such information can include surface texture and assessments
of movement, weight, and temperature, as well as details of
gross shape.

Accordingly it is found that tactile diagrams

which include appropriate textural information, and strong
indications of the third dimension,

including concave and

convex surfaces, will be helpful.
The eyes can assess the three-dimensional world from what is
essentially a two-dimensional image, but in vision the
two-dimensional image is enriched by light and shade, and
contains modulations and gradients of colour which are often
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difficult to analyse and describe, but can nevertheless be
interpreted and used by unsophisticated people and by young
children.
To this is added perspective information, and sequential
information during scanning.

Although vision is often

described as instantaneous in comparison with touch, this
statement is only true in a very loose sense, because slight
alterations of image obtained sequentially can yield
important information about the shape and orientation of
objects in the real world, and about their spatial
relationships to one another.
In the writer's earlier work on biological tactile diagrams
it was found that bold multi-layered relief with convex and
concave shapes was needed to convey adequately the rich
anatomical information that was sometimes required. (Hinton

& Ayres 1986; Hinton 1988a p.26)
People wi th full vision often see. and make use of
silhouettes in conditions of bad illumination.

Totally

blind people never encounter such a flat two-dimensional
image.

The world encountered by the fingers always has

information from the third dimension added to it.

Even the

suggestion or hint of this third dimension as in, say, a
reduced-relief diagram may be straightforward and obvious in
use.
Thus the reader may surmise that a structure is shown whole
or sectioned according to whether it is depicted with a
concave or flat surface.

For the same reason concave or

sunken channels are often used on a diagram to indicate the
presence of a duct or tube, instead of a raised strip or a
convex ridge.

Although such sunken areas are still uncommon

in tactile pictures they are often a more logical and
helpful way of dealing with the subject matter, and if of
sufficient size, no more difficult to finger-track or
interpret.
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Map-makers habitually use standard textures and symbols.
Although standard techniques are used in the work being
described where possible, and it is particularly important
that textures for identical structures in a linked series
are followed throughout the series, it is not always
possible or desirable to adhere to a standard symbol.

In

such work, it is the diagram CONTEXT which is important, and
individual textures are interpreted in relation to what is
found around them,

(Hinton, 199J.) perhaps wi th the help of

braille or other annotations.

Thus, standard textures

become less important, whereas appropriate and meaningful
textures are vital to the understanding of the diagram and
its components.

7.3 LINE-Of-APPROACH AND PRELIMINARY SCANNING Of TACTILES
The line of approach to a tactile diagram is important to
the reader's clear understanding of the contents.

In his

survey of tactile map reading strategy Berla (1972, p.277)
found that some systematic procedure was essential if
important features were not to be overlooked.

Berla did

not, however, find that any single strategy was the sole
answer, but that any of a number of possible approaches
chosen by the reader's personal preference or sometimes by
the specific demands made by a particular diagram would
suffice.

(Ibid., p.286)

Maps are generally, though not invariably, framed within a
rectangular border which may also bear co-ordinates and
indications of North, whereas the majority of the tactile
displays designed by the writer are unframed.

The reason

for this is that the frame often contributes no useful
information to the readers perception of the diagram, but
simply adds to the clutter on the page.
help to confuse the blind user.

It may therefore

The whole question of

clutter is one of the bugbears of tactile diagram design.
The problem is exacerbated by the presence of braille on the
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page.

Vital though this tactile code is, it is very bulky

in comparison to print, and its very bulk maybe the
overwhelming consideration in tactile diagram design.

The

problem becomes particularly acute in Higher Education where
the display may involve complex flow charts and process
diagrams.

The designer is also entrapped by standard page

sizes, and to a certain extent by what the reader's hands
can comfortably span, so the space available is limited.
Diagrams at that educational level may thus become
multi-page presentations which may then require considerable
duplication of information for the user's ease of reference.
Diagrams are generally provided with a braille title and
this is almost always at the top of the page, so any
instruction regarding the line-of approach to the diagram
may naturally follow this title.

In t"he absence of such an

instruction the natural way to approach tactile diagrams is
often from the edges of the page inwards.
As with vision the first cursory (hand) scan is important in
discovering the meariing of what is on the page.

It is

possible to manipulate components of a tactile presentation
to bring desired features into prominence, thereby helping
the reader attach importance to such features in seeking to
understand the diagram.
There are three main contrasts which are available to the
designer for this purpose.

The first is high and low

relief, with higher relief tending to be more prominent. The
second is rough and smooth texture, and. in general rough
texture is the more prominent.
Both of these two contrasts
are part of the stock-in-trade of most tactile diagram
designers although the writer is noted for the variety of
relief which he employs in tactile diagrams.

The third

contrast which is even more characteristic of the writer's
personal style and has been consciously adopted following a
great deal of classroom observation and research,

is the
In this
contrast between concave, flat, and convex shapes.
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case the prominence comes from the novelty of a particular
form amongst its surroundings.

(Hinton, 1988b, p.10)

At the most basic level it is these contrasts which the
writer is able to use to

avoid the figure/ground ambiguity

which was a source of confusion for Kennedy and Domander's
blind subjects in their use of certain tactile line
drawings.

(Kennedy & Domander 1984, p.216)

In the writing of scripts for tape recorded notes, or in the
preparation of oral comments to assist a blind student in
the examination of such a tactile it is often useful to use
such prominent features as a starting point, and also as a
continuing point of re{erence for the location of other less
obvious features of the picture.

'CRicker, 1981, p.297)

It

is important that a sighted teacher or picture designer
keeps in mind always the sensations that the picture would
evoke in a blind person.

Some teachers find it necessary to

blindfold themselves or shut their eyes, although with
experience one learns to be aware of the needs of a blind
reader even when working with one's eyes open.

7.4 DISTRACTING ELEMENTS IN TACTILE PICTURES
Kennedy (1982, p.314) has warned of possible confusion for
blind users from distracting elements in tactual pictures'
as, for example in collages made from components like shells
which already have a strong shape of their own.

The writer

has met similar problems, and also possible confusion from
the use of textured sheet materials with a strong one-way
pattern (e.g. a wallpaper with a pattern of parallel
ridges). Materials like these may have a use in a
particular diagram context, but it must be recognised that
they impose a strong pattern or trend of their own which may
contradict or confuse the picture. This may not be a
problem when a print pattern of a similar kind is used as an
element in a visual diagram, because borders of patterned
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areas and delineating marks can be given greater weight to
compensate for the strength of the pattern.
Many of the author's earliest tactile pictures were of
biological subjects and were originally given strongly
contrasting and some times very artificial textures, to
ensure that picture components could be discriminated.

It

was quickly realised that it was desirable for such diagrams
to be lifelike as well, so that the blind user could make
connections between the picture and the reality.

To this

end, textures were made less harsh and were chosen for their
lifelikeness to the touch.

(Hinton, 1988a, p.24)

It was realised that with the relatively strong relief which
became a characteristic of the author's designs, natural
forms could be used as picture elements.

Raised border

lines marking the limit of one tissue and the beginning of
the next were frequently found to be unnecessary; a slight
difference in relief level or texture would suffice. (Ibid.,
p.lO)

The omission of such edge lines removed yet one more

distracting element from the tactile presentation.
It is common knowledge among experienced tactile diagram
makers that "lead arrows" marking the points on a diagram to
which labels refer, are a posssible source of confusion, and
are better left out.

In fact, the writer never uses lead

arrows in this way, although other types of raised arrow may
be required to show, for example, the direction of flow in a
flow-chart.
Because of the excessive space occupied by
braille on a diagram the writer generally labels diagrams by
means of a well-positioned braille key-letter on the
diagram, with an alphabetical key being provided on the
opposite page.

(Hinton, 1988,a·pp .9 & 10)

It is important to minimise all of these distractions in
tactile diagrams, and to be aware that quite small tactual
defects, virtually invisible to the eye, can be obtrusive to
the touch. and can mar and confuse a tactile impression.

At
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the same time in other contexts, the fingers can be aware of
interesting features that the eye can overlook.
1984, p.30)

(Hinton,

7.5 MICROCAPSULE DIAGRAMS
In recent years the diagrams produced on microcapsule-paper
by the stereocopier process have come to be widely used in
education.

In fact one of the principal speakers at the

International Cartographic Association symposium held in
1988 at King's College, London produced user-trial evidence
to back his assertion that they were now the format of
choice for tactile maps.

(Dacen & Coulson, 1988)

Their widespread use stems partly from the vigorous
salesmanship of the makers of the copying machine, and
partly from the speed at which diagrams can be produced.
However, experienced diagram makers now find that it can
take almost as long to produce a good-quality black-andwhite ink-drawing for reproduction in the stereocopier as it
does to produce a master diagram of the same subject for
thermoforming.

It is also likely that the low-technology

alternatives to the stereocopier for producing this type of
diagram will be used more in future.

(Ibid., p.9; Edman,

1989)
An advantage of this type of diagram is that lines, textures
and braille annotation are-coloured in black, so that they
are easier for a person with residual vision to see.
Disadvantages of this type of diagram include a rubbery
surface texture which is found to be unpleasant by some
users.

Some schools find that these diagrams also

deteriorate in use after a while.

From the perceptual

point-of-view the major disadvantage of this type of diagramis that all of the lines, areas and symbols on a diagram or
map are raised to a constant height above the surface of the
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page so that there is no opportunity to provide the variety
of levels and three-dimensional shapes which are possible
with thermoformed diagrams.
In the opinion of the present writer the use of microcapsule
diagrams should be determined by valid perceptual and
educational considerations. and not by mere convenience to
producers.
The factors which would suggest their use in
particular contexts would seem to be as follows:
(1) They probably provide the neatest and best option for
~roducing

simple. open-textured maps and graphs.

particularly where simple geometrical shapes are shown.

A

comparable thermoform would probably be less tidy. or would
take an inordinately long time to produce.
(2) They can be used in conjunction with the Edinburgh CALL
software on the Apple Macintosh microcomputer for easy
diagram editing. and with this system there is the
possibility of storing diagram components on floppy disk for
re-use in other diagrams.

(Buultjens. 1988)

(3) They also function effectively as tactile overlays for
the Nomad audio-tactile device (Parkes. 1989). where the
more elaborate kinds of thermoform

ar~

less satisfactory

when they interfere with the sensitivity of the touch-pad.
In fact it may be that Nomad when developed to its full
potential will make up for some of the shortcomings of
microcapsule diagrams and allow diagrams of poorer
structural quality to be used with greater success.
(4) Because of these new information technology factors.
they may be the best alternative for diagrams for use by
blind students in Further and Higher Education at the
present time. particularly in subjects where the diagram
structure is relatively simple. but where the information
carried is very varied and detailed.
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However it is quite clear from the work of the present
project, and from many conversations with experienced
specialist teachers and technicians, that in many learning
situations microcapsule diagrams are inadequate.

There is

also clear evidence from the present project and from other
tactile diagram collections that the thermoform method will
provide a solution to many diagram problems where the
microcapsule method would utterly fail.
Experience also
suggests that the potential of the thermoform method has yet
to be fully exploited.
The criticism which is occasionally levelled at thermoforms
by a few teachers is that they are bland and bleak in
colour, and therefore dull and less helpful to users with
some sight.

It is interesting that this criticism is not

levelled at .thermoformed braille text, although admittedly
the diagrams can be used by students with more vision than
those who would want or need to read braille, and are even
helpful to bright students with normal vision.
The writer's experiments with the colouring of thermoformed
diagrams for use by people with some sight have so far
proved disappointing.

The two possible approaches are hand-

colouring of the finished thermoform, and screen-printing of
the brailon sheet before

thermoforming~

with careful

registration of the print with the thermoform.

Not only are

technical problems found with both of these methods, but the
results when apparently achieved are visually disappointing.
More appears to be lost than is gained.
Some teachers get their partially-sighted pupils to search
for diagram components in. order to colour them by hand with
felt-tip pens.
This can be a useful learning experience in
its own right.

However, in view of the problems noted

above, and also the fact that the writer has never received
complaints from partially-sighted students, despite their
readiness to draw attention to other shortcomings in
diagrams, thermoformed diagrams in plain brailon PVC appear
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to be the most useful product of this method of producing
diagrams.

Future colouring experiments may include rapid

airbrush techniques.
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CHAPTER EIGHT

THE DEPICTION OF SCENES

8.1 THE INFORMATION AVAILABLE IN PICTURES
Gibson observed two conflicting theories of
what a picture is.

The first theory assumes that it

consists of a sheaf of light rays coming to a station point
or perceiver, each corresponding to a spot of colour on the
picture surface.

(Reed & Jones, 1982, p.272)

Bach-y-Rita (1972, p.70) quotes an extension of this by
Maturana which describes the transmission of the visual
information by discrete pathways, thus: "the optical image
on the retina is transformed from a mere continuum of light
and distributed to a mosaic of luminous points from which is
extracted the visual world".
The second theory assumes that it consists of a set of
symbols, more or less like words and that a painting is
comparable to a written text.

(Reed

& Jones, 1982, p.274)

On the first theory a picture could represent a real object
or scene, insofar as the light rays from the picture are the
same as the light rays from the original.

On the second

theory, a picture can stand for a real' object or scene,
insofar as the language of pictures is understood.

The

second theory implies that one has to learn to "read" a
picture, much as the child has to read written speech, but
the first theory suggests that as soon as a child can
perceive an object directly, he can perceive it in a
picture.

(Ibid., p.267)

The point projection theory has

been paramount for many years, except among the artists
themselves, but Gibson points out that it can only strictly
apply to a painting or a photograph and not to a line
drawing and in fact does not apply if the viewer's vantage
point is changed.

There is no point-to-point correspondence

of brightness or colour between the optic array from a line
drawing and the optic array from the objects represented.
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Another objection emerges when one considers cartoons.

The

cartoonist's drawing of a man is not even a faithful
projection of the shape of his features and his body.

We

say that it is distorted, which can only mean that the man
represented is a deformed or distorted man, but as Gibson
points out this statement is somehow not right.
p.272)

(Ibid.,

The caricature may be faithful to those features of

the man that distinguish him from all other men and thus may
truly represent him in the higher sense of the term.

It may

correspond to him in the sense of being uniquely specific to
him - more so than a projective drawing or a photographic
portrait would be.

Even where a political cartoonist

deliberately distorts and plays with a representation of a
face for humourous reasons, recogniseable characteristics of
the face are preserved. That is part of the skill of
caricature.
This is, as Gibson asserts (loc. cit.) a compelling
objection to the whole theory that pictorial information can
be reduced to light rays.

A caricature is not a mixture of

optical projection and symbolic distortion but something
different from either one.

Gibson suggests that it is an

effort at displaying relevant information.
In considering the symbol theory, Gibson points out that a
picture is not simply a matter of symbolic language. (Ibid.,
p.276)

One of the artistic conventions which artists follow

is that of perspective.

This becomes problematic because of

the phenomenon called Perspective Distortion.

Perspective

has to he compromised for the spectators' benefit to
minimise perspective distortion.

Trompe d'oeil paintings

have to be viewed from one particular point and are often
set in a box with a viewing aperture.

In an ordinary

painting the vantage point of the viewer can drastically
affect what he or she sees in looking at the picture.
Gibson goes on to construct his own theory of pictorial
information. (Ibid., p.277) He suggests first of all that a
picture is a display of optical information.

This comes in
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an optic array composed of a hierarchy of nested units, not
simply of rays.

By his formal definition, "a picture is a

surface so treated that a delimited optic array to a point
of observation is made available that contains the same kind
of information that is found in the ambient optic arrays of
an ordinary environment".

(loc. cit.)

This definition is broad enough to admit the case of a
caricature.

An artist can capture the information about

something without replicating its sensations.
Gibson bases the above definition on his new theory of
perception as well ,as a new formulation of optics.

It

implies that visual sensations are not necessary for visual
perception, strange as this may seem.
p.361)

(Reed & Jones, 1982,

Having sensations is at most only an accompaniment

of perceiving, not a prerequisite of

perceiving~

Gibson

then goes on to discuss the emergence of invariants from the
optic array and the way in which these invariants carry
information which describes features of the environment.

It

is difficult, except for a gifted or trained artist, to
reproduce precisely these invariants, but one can be aware
of them and identify/classify them.

In looking at the

world, one begins to see the elements of non-change
underlying the changes.

Primitive artists, ego ice age

hunters, did not fully appreciate the changes in appearance
of an animal from the front, the side, the rear and above,
but they learned·,_ these things when they attempted to
represent them and they learned from their mistakes.
Through experience it is possible to perceive the
real size and distance of one of the objects represented in
a picture, as well as the size of the representation;

for

example, in looking at a picture of a tree the distance and
size of the tree and of its picture are not the same, for
they are not in the same space, but it is nevertheless
possible to perceive and estimate both.

When a person looks

at a picture of a room and comes to analyse the optic array
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from the room-and-picture, it is found that this contains
information for both the perception of the room-space and
the perception of the picture-space.
It is also possible to have pictures of objects which do not
exist in fact.

There are pictures of mermaids, of angels,

of buildings not yet constructed and of events that will
never happen.

(Ibid., p.281)

The information provided by a

picture is information for perceiving, in the widest sense
of the term, not only for remembering something in the past
but also for conceiving something in the future.
Displays which are ambiguous or reversible with respect to
what is seen, have been interpreted as proving that
perceiving depends more on the perceiver than it does on the
external stimulus.

The fact of two alternative percepts

from the same drawing is very puzzling.

The light to the

eye has not changed when a pair of faces is seen instead of
a goblet, but the percept has.

If such drawings are

analysed as sources of information instead of mere
stimulation, the puzzle becomes intelligible.
information in the array is equivocal.

The

There are two

incompatible kinds of pictorial information in the light to
the eye and the percept changes when the beholder shifts
from one kind to the other.

(Ibid.)

Kennedy (1974) has also studied and reported quite widely
this question of equivocal representation in drawings of the
edges and corners of surfaces in the world.
To speak of the information in an optic array does not imply
that it consists of conventional symbols or that pictures
constitute a language, for some of the basic principals of
optics still underly the reformulated discipline that Gibson
calls ecological optics.

The informative structure of

ambient light is richer and more inexhaustible than the
informative structure of language.

Animals and men could

see things long before men began to describe them and we can
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still see many things that we cannot, as yet, describe.
Picturing becomes a means of communication and a way of
storing, accumulating and transmitting knowledge to
successive generations of people in much the same way that
speaking and hearing and reading and writing are ways of
accumulating and transmitting knowledge.

The difference is

that picturing exploits some of the information in the
structure of light.

(Reed

& Jones,

1982, p.283)

Not only do

we perceive in terms of visual information, we can also
think in those terms.

The present writer would agree with

Gibson that visual thinking is freer and less stereotyped
than verbal thinking, but it would appear that to state as
he does that "there is no vocabulary of picturing as there
is of saying"

(Ibid.) denies the effect of cultural

experience on the viewer of a work of art, and also denies
the stylistic conventions of modern advertising.
Gibson uses his theory of visual perception as the basis of
a theory of picture perception.

The former theory was based

on the assumption that light can convey information about
the world and, hence, that the phenomenal world does not
have to be constructed by the mind (or the brain) out of
meaningless data.

This assumption, in turn, depends on a

new conception of light in the terms of the array at a point
of observation.

That is, light considered not merely as a

stimulus, but also as a structure.

It was then possible for

Gibson to distinguish between the pictorially mediated
perception of the features of a world, and the direct
perception of the features of the surroundings, and yet to
understand there is common information for the features they
have in common.

8.2 THE PERCEPTION OF WORKS OF ART
Some artists have expended a great deal of effort in
attempting to create pictures which deceive the eye into
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believing that they REALLY ARE the objects that they
portray.
l'oeil"

Such paintings are commonly known as "trompe
and there are examples to be found in architecture

and cartography as well.

Unfortunately one of the

characteristics of solid objects is that they look different
from differing viewpoints, and a truly effective trompe
l'oeil painting works best if it is mounted In a peepshow
box so that one particular viewing point is imposed upon the
observer.

Thus trompe l'oeil paintings are a very special

case.
All other paintings attempt to portray the world as seen by
the artist, and using various approaches to the task of
portrayal which vary through the eras of art history, and
also vary according to the individual artist's style and
intentions.
In certain works, e.g.

impressionist painting and

caricatures, certain features which the artist takes to be
the essence of the subject are emphasised in an uncommon way
to portray the subject.

Very often the artist's means are

difficult to describe in words, and yet his message is
understood, although it needs to be emphasised that some
styles depend for their understanding on a measure of
stylistic or cultural acclimatisation on the viewer's part.
Indeed, as Ernst Gombrich (1960) has pointed out, every
artist is limited to the terms of his medium, and not one of
the tones of a painting would correspond objectively to what
we call the reality of the subject.

(Ibid., p.30)

The

viewer can be conditioned into accepting and interpreting as
reality representations which include negative images
(Ibid., p.39) and other forms of illusion (Ibid., chapt.VII)
and can become attuned to transposed relationships between
components of pictures, and gradients of colour and
brightness and even to distorted viewpoints if necessary.
(Ibid., pp.46

& 47)
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8.3 GOMBRICH ON ART AND ILLUSION
Ernst Gombrich was interested in the ways in which artists
attempted to portray the visual world, and also the ways in
which viewers responded to their efforts.

He wrote a great

deal about his own observations on these two aspects of art
and about other people's thoughts on the subject, notably in
"Art and Illusion" (Gombrich, 1960).

He covers so much

ground that it would be unprofitable to comment on all of it
here, but some of the points he made are potentially
relevant to tactiles and worth itemising.
Firstly, he frequently refers to the way in which the
immediate picture context modifies the way in which a
particular feature is seen.

This can be something as

straightforward as the way in which a colour is perceived
depending on what colours are adjacent to it, or it can lead
on from this to artistic expressions such as the use of
chiaroscuro to widen the range of available tones and hence
heighten the modelling of, say, a woodcut.

(Ibid., p.38)

There are also some surprising manifestations of this, such
as the fact the eye can take in the details of a figure
depicted even in a picture in which the black and white
detail is reversed, as in a white-line-on-black scraperboard
picture, or white on black ink drawing.

Gombrich also cites

an early greek amphora in which the animal decorations are
in red-on-black on one side and black-on-red on the other,
and can be equally well understood from either side.
p.36)

(Ibid.,

He also mentioned the modifying effect of language on

one's memory of a picture,

(Ibid., p.64) an effect

investigated by a number of psychologists.

(Vernon, 1962,

p.36)
It is possible to create all sorts of illusions in pictures,
from those that are barely perceived by the artist as such
to those which are consciously contrived by artists (Escher,
1967, Prints 56 & 76) and investigated by perceptual
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psychologists.

(Robinson, 1972; Gregory

& Gombrich,

1973)

There are also features in almost every picture which are
ambiguous in some degree: things are left "unsaid" in such a
way that the mind fills in a perception of its own.
attempts to complete the form or "gestalt".

It

Just as

ambiguities of language are part of the stuff from which
poetry is created, so visual ambiguities are useful to the
graphic artist.

Many of these ambiguities are what Gombrich

calls "ambiguities of the third dimension" and are related
to the demand that the three-dimensional world should be
depicted by a two-dimensional picture.

(Gombrich, 1960,

p.204)
Some of these ambiguities are less entertaining when they
appear in a TACTILE picture, in fact they threaten to
disrupt its message entirely.

While experiments on

figure/ground confusions may be of interest to the
laboratory psychologist, they are to be avoided at all costs
by the educator who prepares tactile pictures for blind
users, and some of the techniques used to minimise this
problem have already been described in Chapter Seven of this
thesis.
One other aspect of visual art which Gombrich discusses is
caricature.

It is an interesting phenomenon that a skilled

cartoonist can draw a picture of a person which appears to
be a great distortion of reality but which nevertheless
contains some recognisably typical feature of that person's
appearance.

This is nowhere more apparent than in the work

of present-day political cartoonists.

Often their

individual styles vary greatly, and yet they may all have
the ability to show a politician in such a way that all
readers can make a correct identification of that person.
In the present writer's experience caricature is of no
direct use in tactile pictures for educational use. Present
day teaching materials published in snappy cartoon style for
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"user appeal" simply have to be depicted "realistically"
(though this term is itself problematic) when in tactile
form.

Otherwise the subject of the picture can be

unidentifiable to the blind reader.

The humorous

distortions obstruct the message of the picture.

However

the writer believes that caricatures do have something to
say to us in the philosophical context of J. J. Gibson's
work on the emergence of INVARIANTS from sensory input in
its visual as well as its tactile form.

To use Gibson's

terminology: Each of the cartoonists is finding some
invariant feature of the subject of the picture which
remains rec~g~isable even in novel and sometimes bizarre
contexts.

(This is a'":current

the~e in the development of

Gibson's thinking over a number of years; see in this
context Reed

& Jones, 1982, p.272.)

8.4 VISUAL PROCESSING AND THE PRIMAL SKETCH
Some work on visual processing has the needs of computer
image processing in mind and is of a geometrically
analytical nature.

(Watt, 1988)

The interesting link

between this work and Kennedy's phrase:
discontinuities",
already.

"lines depict visual

(Kennedy, 1974) has been mentioned

There are links also with Gibson's analysis of the

information in the optic array.

(Reed & Jones, 1982, p.10S)

Information is available from the visual field about
occlusions, shading, texture gradients and binocular
disparity differences.

Note the type of discontinuity where

a cylinder turns away from observer, for example. and the
difference between an edge or crease where one side is
turning away from the observer and one where both surfaces
remain in view.

Thus lines of sight from observer to

occluding edges correspond to sudden changes of range and
sometimes also to changes in orientation, whereas the lines
of sight to creases correspond to abrupt changes in surface
orientation but not to changes in range.
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Watt attempted to reduce this visual information to what he
called the "Primal Sketch".

This Primal Sketch attempts to

discover as many points in the image corresponding to these
interesting lines of sight as

po~sible.

Watt also deduced

that it·was necessary.to measure variations in texture grain
size over each surface patch so that orientation could be
assessed.

The Primal Sketch should thus produce a

representation in which surface creases and discontinuities
are recorded, with their shape, orientation and relative
locations.

It should also record variations in surface

texture.
In vision, of course, not only is the absolute intensity of
the image affected by changes in lighting, but the quality
of illumination may distort the relative effects of parts of
the scene on the image produced for the eyes. If
illumination is diffuse, image luminance will be a function
of surface reflectances.

Other types of illumination may

give an image which may mislead or be difficult to
interpret.
For a given image information may be required at several
levels at which unnecessary information may be filtered out
if not required for that level.

In a search for an object

the visual field is monitored for characteristic qualities
at given level of generality, e.g. car, yellow car, yellow
Volkswagen.

Alternatively, a particular size relative to

its surroundings may be expected, and this is another way of
filtering out visual information in searching for a desired
object.
Recognition involves matching the perceptual image with the
memory representation.

There may be projective

transformations of objects which add to the difficulty, but
some aspects are recognised from early partial
representations, making quick diagnosis possible.
For the Primal Sketch matter tends to be clumped into
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bodies or objects.

Surfaces reflect and scatter light.

Occluding contours tend to be projected into the retinal
image as luminance discontinuities.
may be smoothly curved or creased.

The shape of a surface
The Primal Sketch is

required to detect and characterise as many occluding edges
and creases as possible.

Texture markings on surfaces and

particularly gradients of texture contribute to the
available information.
Watt's interest in this subject appears to be directed
towards the possibilities for automatic image recognition
and robotic control.

To him the visual system is designed

to perform tasks, each having three components:
"(i) Discover the present state;

(ii) Decide some desired future state;
and
(iii) Predict the necessary route for
bringing about the desired change."
(Watt, 1988, summary)
This approach to interpreting visible information and
picture information is of relevance to tactile pictures in
that it directs attention towards the

~discontinuities"

or

boundaries of picture components and emphasises their
importance to the emerging perception during a hand-scan,
and the filtering process by which objects are located
applies to touch as well as to vision.

This is why

questions of scale are important in tactile pictures.

If

the scale relationships are not clear, the blind user may
completely misinterpret the picture, as in the dinner
fork/human hand confusion mentioned in Section 7.1 in
connection wi th one of Kennedy' s exper iments.
1974, p.152)

(Kennedy,
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8.5 DEPICTING WORKS OF ART FOR BLIND PEOPLE
One extension of the research described in this thesis is
the production of tactile versions of notable paintings from
the National Gallery collection, under the auspices of a
charity called the Living Paintings Trust.

This trust had

its formal development at the beginning of 1988 from a
working party set up to explore the feasibility of
interpretative materials on tape and in tactile form,
designed to communicate the intentions and methods of the
great painters to blind people who already had a practical
interest in the arts.
It will be apparent that this kind of tactile picture has
terms of reference markedly different from most educational
diagrams, whose main intention is to describe a structure or
process in such a way that the blind person can understand
the principles involved.

In such diagrams gross

simplification or even distortion may be accepted in order
that the educational principles may be conveyed to the user.
In rendering a work of art one has to be as faithful as
possible to the intentions and methods of the original
artist, while making the unusual transformation from a
visual to a tactual medium.

This is not to say that picture

components will not have to be simplified; the smaller size
on which one is working generally ensures that, if nothing
else does.

However, things cannot be modified simply at the

will of the tactile artist or his user; there is a
responsibility to the artist whose work is being portrayed.
In commencing this portrayal it would be possible simply to
"map" the canvas with stylised textured areas, or to attempt
a flat strictly- two- dimensional portrayal.

Alternatively

the task can be accomplished through a raised line drawing
which merely marks out the limits of features in the
painting, or what Kennedy (1974) calls "visual
discontinuities".

This has been done by other working

.- ._._--._.-

---_._--
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parties, like the group in Finland known as "Pictures for
Listening"

y

which is run by the Finnish Central Association

for the Visually Handicapped and the A~t Museum of the
Ateneum.

This group has confined its presentations to

sparse line drawings or map-like presentations reproduced by
the microcapsule process.

(Personal communication)

It is the contention of the writer however that just as
different painters have markedly different ways of using
paint and colour to achieve their desired ends, so tactile
representations would be doing blind people a great
disservice if they did not attempt to convey these artistic
differences if at all possible.

If it is an impossible task

then one might as well leave the project alone entirely; it
becomes a sterile operation, and the task of description is
better left entirely to the evocative power of words.

8.6 FORM AND TEXTURE
In order to describe some of the problems and challenges
involved in this task, this chapter will describe specific
examples and discuss their effect on adult blind users of
the tactile pictures.
The first such example concerns the depiction of water in
oil-paintings.

In discussing this, a congenitally blind

person said, "Well, water is just water isn't it? It's wet.
Why should it be different from one painting to another? "
(White, 1989)
The blind person knows water by its feel.
It is uniformly
wet.
Its temperature may vary, and it may be still, rippled
or wavy, but is otherwise very similar from place to place.
The blind person thinks mainly of the mass or body of the
water.

He may have been told and remembered other

characteristics such as its transparency, but never
experienced them.
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It was pointed out in conversation that the artist is
generally depicting the surface of the water as it appears
from a particular viewing-point.

The appearance of this can

change not only if it is wavy or still, but if the light
falling upon it changes and is reflected differently to the
viewers eye.

Reflections of surrounding objects are seen in

it as in a mirror, although the mirror may be still and
glassy or broken up into tiny independent pieces by ripples
and waves. It is therefore the varying appearance of this
water surface which the artist generally tries to convey.
'This was described by a comparison between three situations
in paintings:
(a) An even patch of water with no ripples and no noticeable
reflections, as in the canals of "The Avenue, Middleharnis"
by Hobbema.

This was conveyed in the tactile picture by a

Apfll. c.
No. 9.

smooth, glossy surface.
(b) A sea inlet with uniform wavelets painted as a regular
pattern, as in Claude le Lorrain's "Enchanted Castle".

This

was depicted in the tactile version by a sheet of aluminium

Apf>', c.
No.tO

mesh on the master diagram.
(c) The surface of the river Thames on a misty morning as
painted by the impressionist, Monet in his representation of
"The Thames below Westminster".

Monet simply picks out the

crests of the wavelets as they catch the light in small
horizontal splashes of white paint.

These were depicted in

the tactile picture by horizontal blobs of cement of similar
form to Monet's paint.
In a similar way Monet depicts a tree on the Thames
embankment by using an array of blobs of paint of
appropriate colour.

It is interesting that just as the

paint version is rather shapeless when seen at close
quarters, but merges into a treelike form from a more
distant viewpoint, so the tactile blobs coalesce into a

Apf't(. C.
No.it
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treelike shape under the fingers.
One special problem in reproducing tactile versions of works
of art is the need to illustrate features such as clouds,
fog, reflections, and sunsets which are not solid but
ethereal in nature.

They are often essential to the

understanding of particular pictures and so inescapable in
the tactile portrayal.
Obviously any feature of a thermoformed tactile picture has
a degree of solidity which is the property of the medium (a
formed polymer sheet).

It is, however, possible to minimise

one feature in relation to the rest so that the perception
appears less solid.

This may still need some oral

interpretation, but is nevertheless easier to understand
than a picture where the inter-relationships are misleading.
It was never the belief that these tactile representations
of works of art would ever stand alone, however.

They were

designed to be used with a tape-recorded commentary.
One restriction on the tactile picture maker, particularly
when his end-product is made of one material, like a PVC
thermoform or a capsule-paper print, is that he has at his
disposal a relatively small palette of reproduceable
textures.

This is the case even when the master pictures

are predominantly modelled in cement as in the Living
Paintings Trust pictures.

Despite the variety of natural

forms which appear on the picture, the surface textures are
far less varied than the colour and shade palette of the
visual artist.

That this constitutes a restraint of the

medium used is undeniable, but the effect on the final
perception of the blind user is not as restricting as may at
first appear.

This is because the context in which each

picture element finally appears influences the way that
feature is perceived.
A simple example is the use of the aluminium mesh commonly
sold for reinforcing fibre-glass car-body repairs in two

151 •

entirely contrasting picture contexts. In the first the
material was used to represent the ripple pattern of the
water in Claude le Lorrain's "Enchanted Castle" landscape
already discussed.

(Hinton, 1989b)

In the second example,

the same material was used to represent a cloth-of-gold
shawl on which the infant Jesus was resting in the
right-hand panel of the Wilton Diptych.

(Hinton,1990)

Because of the completely new context there was no confusion
for blind users of the picture.

A blind person examining

the two pictures in close succession, and questioned about
the material used, would probably detect the similarity
between the two picture elements, but in normal use the
reader would tend to overlook this completely in searching
for the wider meaning of the picture as a whole.

(Hinton,

1991, )
For this reason all results of laboratory texture
discrimination tests (e.g. Nolan

& Morris, 1971; Armstrong,

J.D., 1978) need to be considered with caution. Although
they contribute useful information to our understanding of
tactual perception and can guide the tactile picture
designer's work, it is the picture as a whole which is most
important in the end.

Some elements which appear to work

under laboratory conditions fail when incorporated into a
diagram or picture; and conversely, some elements which
appear to cause difficulty to blind users in laboratory
trials are influenced by the context in which they appear in
a diagram to the extent that the expected difficulty
disappears.
In relation to texture and colour, the "touch colour"
~~o ..lJ b~

mentioned.,

suggestion of Elder and Tonelli (1982)Ain which colours and
shades are indicated on a tactile picture by textured areas
according to a code which they devised.

The writer's entire

experience of designing and making tactiles and of observing
their use by people who are blind underlines the restricted
"palette" of textures which are available for effective use
in tactiles, as compared with the vast array of tints and

trpP'i. C.
No. 12.
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shading available to the visual artist.
In the wide range of tactile diagrams with which the writer
is involved, the available diagram textures have important
uses in describing the form and texture of the objects
depicted, and occasionally as textural labels.

One must

also bear in mind the modifying effect of the medium in
which the tactile diagram is made.
In this context, it appears to the writer that Elder and
Tonelli's system conveys little of educational value to a
blind person.

Words would convey more, even in the absence

of prior colour experience.

At the same time their

elaborate textural coding system appears to lock up textural
effects which would be better used in ways which would be
more informative to the blind person using the picture.

8.6

PERSPECTIVE

For the person of normal vision perspective does not have to
be understood to be used in the environment.

A child learns

to pick up visual clues which can allow it to make spatial
jUdgements.

To begin to do this it must move through the

environment and learn by experience the relationship between
the visual image and what will be experienced in reality.

A

baby learns this gradually, first by discovering its own
body space, and then as crawling, and later, walking begin,
discovers the relationships between "other" things at first
by relating them to itself.

(Bower, 1974, pp. 154. ff.)

Phenomena such as the continued presence of an object which
disappears from sight by being covered up by a cloth have to
be experienced to be understood.

(Ibid., p.187)

With more

experience the ability to interpret a scene in spatial terms
becomes more widely developed.

If the visual field has a

lot of depth so that occlusions occur, with one object
partially covering another, then colouring and shading
gradients must be interpreted in order to make depth
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jUdgements.

In this connection small head-movements can

yield sufficient difference in the image from parallax and
other effects to enrich the available information and thus
assist interpretation of the image.
Watt, 1988, p.143)

(Gibson, 1950, p.29;

This is particularly important in

dealing with visual ambiguities or anomalies etc.
Perspective doesn't exist in the sensory experience of a
totally and congenitally blind person (except by hearsay).
It is solely a visual phenomenon.

The blind person

understands the environment by touch, hearing and smell, and
so works mainly at close quarters.

Size judgements, for

example, are generally made in comparison with a person's
own body measurements.

Objects which are the same physical

size always appear to be so, unlike the experience of vision
where more distant objects appear to be smaller by
perspective effects.

(See Section 6.3 and Diagram 7.)

For this reason there is no need to trouble blind people
with academic perspective knowledge during childhood, or
even later in most cases.

Such depictions as plans,

side-elevations, and sections of various sorts will supply
all necessary information.

Even adult blind people can

spend their whole lives profitably with no practical or
theoretical knowledge of perspective.

Just as cavemen began

to become aware of perspective only when they began to draw
and paint, so blind people encounter perspective for the
first time when they begin to meet tactile pictures of
scenes (which are not in fact very common).

Thus there is

no particular reason for approaching perspective
academically with blind people; it makes better pedagogic
sense to allow them to experience it first through actual
examples of visual art transcribed into tactile form.
(Hinton,

1989~)

It is then possible to discuss the picture

in terms of the artist's visual experience.
In this connection it is also important to note the cultural
differences in picture perception demonstrated by Hudson and
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others.

Hudson found that many unsophisticated African

subjects preferred illustrations of an elephant which
depicted the animal from above, but with all of the legs
which they knew it to possess shown at the same time
(similar to an elephant skin spread out on the floor) rather
than a normal orthogonal view preferred by Europeans.
(Gregory

& Gombrich, 1973, p.183)

This way of resolving the conflict between what is actually
seen at one time, and what is known from other experience is
understandable in people not schooled in draughtsmanship and
artistic convention,_. and it is also interesting in the light
of Kennedy's findings with

t::ong~nitally

their modes of represen"tat"ion.

blind adults and

(Kennedy, 1982, p. 321)

They,

too, sometimes illustrated several aspects of an object
which could not be seen simultaneously by normal vision.
Such drawings are sometimes termed "split representation" or
"chain-drawings"

(Derogowski, 1970, p.21), although they

also conform very closely to what mathematicians call a
"net" (or sometimes a partial net) of a solid object.
There is, however, a great deal more to be investigated of
this split-representation phenomenon as Derogowski
cit.) points out.

(loc.

Young children of all cultures share the

liking for split representation as a means of illustrating
natural and geometric shapes, although in western cultures
and in many parts of the world with similar conventions in
"adult" art they are "educated out" of this preference.
(Ibid, pp.21-23)

However, it persists even in some

culturally "advanced" societies, particularly where these
representations are reinforced by some symbolic code which
typifies the object of the picture.
p.186)

(Ibid., and Boas, 1927,

Such representations may also be employed as

decorative motifs, although Derogowski regards a hypothesis
that use in the repeated decoration of craftwork is the
over-riding reason for persistent split-representation as
being unproven.

(Derogowski, loc.cit.)

It is interesting that Derogowski's own research shows that

·DIAGRAM

B.

Chain drawing of an elephant used

by

Hudson

-~.

-

c
,Front-side chain-type drawing
,"

.
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even people with a cultural preference for splitrepresentation may find conventional perspective pictures
more informative for certain tasks involving identification
and manipulation of the objects represented.
1970, p.24)

(Derogowski,

Furthermore, he cites research by Spencer, J.

(1965) which found faster assembly of components by
Europeans from conventional perspective drawings than from
third-angle projections, despite the widespread use of the
latter in engineering and the construction industry.
Spencer achieved similar results in identification tasks.
Plainly Derogowski's work poses many questions to which he
does not find the answer within the paper cited, and it
seems to the present writer that some types of chain-drawing
contain confusing elements that are not characteristic of
the genre as a whole.
these problems.

Derogowski does not appear to isolate

See, for example, the elephant drawing used

in his research with rural Zambian women which contains
direct contradictions not amenable to simple geometric
rotation, transposition or net treatment.
p.23, fig.1c; also reproduced opposite)

(Derogowski, 1970,
Not only are some

of the legs duplicated, but different legs appear to be
lifted in different parts of the illustration.
The result is somewhat bizarre and in the writer's view
illustrates how generalisations have been made about splitrepresentation phenomena from evidence which is not
consistent in the problems it presents to subjects.

8.7 THE WORK OF C.N. VINCENT
From the more practical standpoint of the teacher of
technical drawing, C.N. Vincent developed a special
drawing-board by the use of which blind people could produce
perspective drawings by measuring from the three axes of the
specially shaped board and drawing along the T-squares
provided.

The T-squares clicked over the special
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graduations on the edges of the board so that measurements
could be made.

Vincent's trainees could make measurements

of features in a room and from these produce a perspective
drawing on the board.

When they had once experienced

perspective in this way they could interpret perspective
drawings presented to them in tactile form, and from these
assess and if necessary, measure and calculate real sizes of
features of the environment depicted in the drawing
(Vincent, 1970).

Although in the literature the success of

Vincent's subjects in drawing and interpreting perspective
drawings was apparent, his idea appears not to have been
taken up by the colleges where he did this work, and his
drawing board has dropped out of use.

(Vincent, 1984, p.17)

That Vincent achieved what he set out to do in the technical
sense is undeniable, but as this thesis emphasises
repeatedly (see Section 8.7 above), perspective is a purely
visual phenomenon and quite outside the experience of a
blind person.

Tobin (personal communication) quotes the

response of the late Reg Bonham, a blind mathematician who
was present when Vincent's techniques were demonstrated and
discussed.

Bonham re-phrased the well-known saying thus "to

a blind person a cube is a cube is a cube".

In other words

a blind person working by touch always encounters the edges
of a cube as being of equal length and the sides as being
parallel.

The tapering effect of visual perspective is

never experienced.

So in seeking to do what he did, Vincent

was imposing an alien viewpoint on touch experience, and as
this chapter has discussed, perspective very rarely has any
practical use for a blind person.
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CHAPTER NINE

THE IMPORTANCE OF THESE OBSERVATIONS FOR
EDUCATION

9.1 RECOMMENDATIONS FOR THE DESIGN AND USE OF TACTILES
For ease of storage, durability, and freedom from floppiness
during use, thermoformed diagrams should have as shallow
relief as possible, given the demands of the subject-matter.
Nevertheless, many diagrams will need a bolder, multilayer
treatment in order to carry the desired picture content.
The diagram format should be uncluttered; all unnecessary
detail should be omitted,. but where less-important material
has an educational or informative value, the possibility of
conveying the information through more than one diagram
should be considered. For example, in a histological
illustration some secondary detail may put the tissue which
is the main purpose of the illustration into a more
realistic context, and to omit it altogether would be
misleading. In such a case a second illustration showing
the main subject in bolder detail, or more magnification,
would be helpful.
In all types of diagram the writer has often observed that
blind users are helped by the presence of more frequent
points-of-reference than would be necessary for a sighted
person. Examples of this would be the scale markings on a
graph, or grid markings on a map. If these are too widely
separated from the operative part of the diagram it becomes
difficult for a blind reader to correlate the two features
accurately. On the other hand, it is important that extra
information like this should not add to the general clutter
or distract the reader from the primary purpose of the
diagram.
Applied textures should be natural and appropriate to the
subject, since the blind person may need to relat~ the
picture to something experienced in real life.
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The spacing of diagram components should be adequate for
discrimination unless different textures reinforce this.

It

is not helpful to lay down hard and fast rules for the
spacing of components as some map-makers have been inclined
to do, because the resulting perception is shaped by the
overall context of the display, and the way the various
components interact.
Since braille is a major limiting factor on any diagrams
which are intended to carry braille annotations, such
designs must be worked out with the space required for the
braille, and the need for unobstructed braille reading kept
firmly in mind.

Whenever complex braille labelling,

supplementary riotes or scanning directions are required, the
provision of such instructions via supporting
tape-recordings should be considered.

(Hinton, 1988a, p.13)

In future the Nomad audio-tactile device may present an
alternative way of coping with this problem.

(Parkes, 1988)

For more advanced work, great care should be taken when a
tactile diagram or flow-chart spreads over to several pages.
There is great danger of disjunction of information when
this happens, and students using this kind of diagram may
find effective study difficult.

To counteract this, the

related pages should be carefully co-ordinated, with all
interrelated information being adequately cross-referenced.
Particular care should be taken with mathematical
information in such circumstances, because this may be
mis-read or overlooked by the student in making
calculations.
Microcapsule paper diagrams have a valid educational use,
and their effectiveness should not be underrated.

It is,

however, vital that they are only used in conditions where
the educational considerations, and not convenience, dictate
their use (as with all diagrams).
In view of the high cost of the stereocopier for the
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production of microcapsule diagrams and recent indications
that the supply of machines in the United Kingdom may not be
as reliable in the future, the low-technology methods
described by Edman (1989) and by Offenberger and Templeton
(1989) deserve attention. The writer has produced
satisfactory microcapsule diagrams with an ordinary
photocopier, followed by heat treatment under a bathroom
infra-red heater bulb, or alternatively with the fuser of an
off-set lithography installation.
There is clearly the potential for more widespread use of
the more pictorial forms of tactile display, and with these
any suggestion that can be given of "the third dimension"
will help the blind user to understand the message of the
picture. Where scenic types of picture are transcribed into
tactile form, perspective phenomena will be encountered, and
these are outside the direct experience of congenitally
blind people. Where perspective can. be avoided in teaching
diagrams it is better omitted, but where it is necessary for
a blind reader to come to terms with it, this can be
accomplished initially within a meaningful picture context.
Auditory analogues which the blind person will have
experienced are useful in explaining perspective effects.
(see p.95) Only at a later stage, depending on the maturity
of the student and future study needs, is it wise to embark
upon an academic explanation of perspe·ctive geometry.

9.2 EDUCATIONAL ENVIRONMENTS WHICH ENGENDER SUCCESS
It is especially important that blind pupils encountering
tactile diagrams should be at ease and should not feel
threatened by the experience. Such students often feel that
features of their lessons are set up with the intention of
testing their intelligence. They may have experienced
failure on previous occasions, and do not want to find
themselves in any situation where they do not feel entirely
in control. Rather than be speculative, they would prefer
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to wait to be told the "correct" answer. which they are
happy then to remember and reiterate.
If the above
sentences sound condescending to the pupils concerned. this
is unfortunate. because they are intended to criticise the
educational environment in which they are often reared. and
not the pupils who have to endure it.
Tactile diagrams. maps and pictures do not always have to be
presented in this didactic fashion. They can be an
important extension of the outside world. waiting to be
explored. It is this exploratory attitude to diagrammatic
material which needs to be fostered. Wherever possible. the
pupil should be encouraged to search for the available
information within the diagram or picture. If this is not
apparent. the pupil should feel free to ask for help and
further information from the teacher. without feeling a
sense of failure.
Indeed. older pupils should be aware of
the possib(lity of an inadequate diagram. (Hinton. 1988a.
p.15) Knowledge gained in this way can generally be
remembered. and experience with this way of studying will
not only have its immediate reward in terms of what is
understood from the diagram under scrutiny. but every
diagram experienced in this way helps the pupil's
preparation for more advanced material later in life. and
lays a good foundation for secure independent study and
personal research. The writer has seen ample evidence of
this in working with individual children over periods of
several months and in some cases for two or three years
during research described in this thesis.
The word "diagram" in this instance is intended to include
the whole integrated package of picture. braille caption and
supplementary text.
The next section describes the way in which elements of the
child's educational programme can be developed and the
implications of some of its components. Specific examples
of activities are given in a list in the appendix to this
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thesis.

However, this list merely contains suggestions

which have been found to work by the writer.

It is not a

prescriptive list, and some parts of it can be adapted to
fit individual learning needs and the teaching style of
other teachers.

Items can also be taken out of order in

response to a particular learning need, as long as the
general progression of activities is preserved.

9.3 WHAT KIND OF EDUCATIONAL PROGRAMME IS REQUIRED AS A
PREPARATION?
This next section descri
the child's educationa
implications of some
require specific e
Appendix A.

How

have been foun
prescriptive

s the way in which the
programme can be develo

f its components.

mples a list of activiti s is given in
er this is a list of sug estions which

ist, and some parts of i

fit indivi ual learning needs, or th
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d and the

For t ose who

to work by the writer.

other te chers.
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is not a
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teaching style of

They can also be t ken out of order in

e to a particular learning need, as long as the

gene al progression of activiti s is preserved.
Firstly, the blind child needs active exploring and handling
experience from infancy.
The live experience illuminates
the diagram; the diagram may later help to explain the live
experience. This activity is particularly important if the
child shows a tendency towards undue passivity when young.
It may be necessary to provide extra encouragement and
stimulus to break out of this state in an environment which
feels safe.
Parents and teachers need to communicate some of the
excitement and interest of finding out things, and sharing
experiences.

Most teachers who are trained as visual

impairment specialists will do this as a matter of course,
but some have greater success than others.

It is perhaps
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another example in education where it is better to drink
from a running stream than a stagnant pool; teachers who are
prepared to learn and discover for themselves, far from
losing face in front of their pupils, often teach best.
Their attitude is apparent even to the very young child.
It is important for teachers to make every possible use of
analogies meaningful to a blind child in discussing everyday
phenomena which are visible to the child with full sight,
but outside the blind child's direct experience.

To take as

an example: A six-year old anophthalmic child had been
discussing falling rain and its importance as a source of
streams and rivers with the mainstream class with which the
child was integrated.

The child had, of course, never seen

raindrops coalescing on a window-pane to produce a trickle,
which was the starting-point of the discussion for the other
children.

In this case the following "model" was devised

from apparatus already in the classroom:
A large bean-bag-type cushion was rested partly across the
child's knee with the child squatting on the floor. Under
one side of the cushion a large plastic tray was placed.
The child was then provided with a container of glass
marbles which were to be used as "raindrops".

The child was

encouraged to drop the marbles slowly, one-by-one, onto the
nearest half of the cushion.

Each marble fell with an

audible thump onto the fabric of the cushion.
At first the "raindrops" were isolated, so no further sound
was heard.

However, after a while one of the marbles

eventually hit another with a glassy click, and this soon
became a frequent occurrence.

(In fact it was possible for

the child to say from the sound whether the marbles bounced
apart or remained in contact.)

At each stage careful

exploration with the fingers would verify the arrangement of
the marbles, taking care not to cause a disturbance.

The

teacher/researcher then suggested that a similar fate would
befall a succession of raindrops.

Eventually little rows or
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"trickles" would be formed.
Sooner or later a long trickle would weigh the filling of
the cushion down, forming a tiny valley, and this would
eventually cascade off the side of the cushion with a
vigorous rattle into the plastic tray.
The marble analogy was reinforced by running water from a
beaker into a sloping tray of sand. The blind child could
not follow this as well as a sighted child would, but it was
possible to feel damp patches and hollows in the sand and to
feel the tiny valleys and meanders created by the water
flow. It was necessary for the child to explore this with
care and delicacy to avoid destroying the evidence.
Tactile presentations on the page can include both pictorial
and maplike formats from an early stage. Pictures should be
bold, simple and in fairly deep relief to begin with, so
that the comparison with the object portrayed is obvious.
With increasing experience the relief can be reduced a
little. (See thermoforms of an egg in the box which
accompanies this thesis)
flppeMi')( c., No· t.
Mapwork should begin on a scale which.allows the environment
depicted to be encompassed by the child's two hands so that
there is no abrupt change of scale in moving from
environment to map. This has been discussed in more detail
in Chapter Five, and in the simple introductory strategy
described in Yngstrom's writings. (Yngstrom, 1988) From
these early beginnings maps can increase in size and
complexity, but should always be backed up by on-site
experience so that the child builds up an understanding of
how things are depicted on a map. The "site" can of course
be a model if this is more convenient. Simple spatial
exercises are helpful in developing directional sense and an
understanding of the relationships of objects in space. As
pupils reach the stage of predicting the environment from a
map, Yngstrom's strip method for orienteering maps (Ibid.,
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p.ll) seems an appropriate way of providing a clear linear
pathway which minimises distractions, and focuses attention
on the essentials.
Pupil drawing on German Film or Melinex is a helpful way of
developing skills with maps, (Ibid., p.2,3, & 5) geometrical
diagrams and life drawings.
In geometry, finger tracing
should be encouraged before pen drawing is attempted.

In

the absence of visual feedback the blind pupil needs to
develop a repertoire of kinaesthetic shape-drawing
experienpe to be able to draw fluently.

This approach is

also important when moving on to solid shapes.
understand the idea of drawing

a

In order to

single "viewpoint" the

congenitally blind child needs to outline with a finger the
shape which corresponds'to a particular sight-line.

A blind

child of average intelligence in Year 2 can understand the
aspects of simple shapes like a rectangular box or a
cylindrical cocoa tin.
Pupil drawing is also beneficial in dealing with items drawn
from life (e.g. objects from "the nature table" and other
found objects).

Although the teacher may draw for the pupil

so as to demonstrate the style of line-drawing and its use
for illustrations of this kind it is important that the
pupil's final drawing is made from the object itself.
With such subjects and with environmental layouts all
possible transcriptions of the subject should be
experienced.

For example: From the explored environment the

pupil should try to produce a model in some suitable medium
such as Lego bricks, cardboard boxes or clay.
model a map can be drawn.

From the

Later, perhaps, the map can be

drawn directly from the environment, initially from general
impressions and later from measurements.

Conversely a model

could be built from the map, or the environment could be
predicted and explored with the aid of the map.

It should

always be the aim of the teacher to offer a stimulating
context for the task which is being proposed.

There is also
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scope for puzzle-type rearrangement activities.
It is found that drawing and modelling exercises are not
just an end in themselves, but that the pupil is stimulated
to explore the real object or environment more carefully and
critically in order to produce an accurate model or drawing.
At appropriate stages more and more detailed information can
be sought from the maps and diagrams so that the pupil
accumulates greater skill. The significance of viewpoint
for the sighted person should emerge in a natural way early
in the blind child's learning with pictures. It should
certainly not be taught in an academic fashion even at the
secondary school level except where this information is
required for the pupil in a technical subject.
Measuring has already been mentioned. This should begin in
a simple way in yr 1, and measuring techniques should be
gradually extended. It must be noted, however, that tactile
measuring devices in some cases have weaknesses and
inaccuracies which are built in to the apparatus. These not
only create problems for the pupil, but also place
restrictions on the tasks which the teacher can prescribe.
With blind pupils it is especially important to develop
skills of rapid measurement. Pupils must be taught to read
along the largest possible units as quickly as possible and
only at the end to count the finer graduations for an
accurate measurement. For example, when making length
measurements with a metre stick, there is a tendency for the
blind pupil to count laboriously every centimetre, instead
of rapidly scanning the decimetre and 5cm graduations as far
as possible. Failure to use the latter strategy makes a
slow task even slower.
There are problems for blind children in .dealing with the
measuring tasks found in mainstream maths books when the
tactile measuring devices available to them may not have the
finer graduations. For examples, a tactile protractor

commonly measures to the nearest 5 deg. and a tactile ruler
to the nearest 5mm and not to 1mm. This means that a lesson
development that may seek to integrate the pupils knowledge
,
of units of length with developing knowledge of decimal
place may be impossible. Individual millimetres'are not
available to the pupil and metres are so large as to be
difficult to manage.
The writer has taught the beginnings of decimal place
notation to 6-7 year olds by using a fictional unit of
length (named after one of the children). Not only could
,several of the "whole units" be kept within the span of two
hands, but the 1/10 unit tactile division was large enough
to be detectable. This kind of strategy may sometimes be
necessary to overcome some of the practical manipulative
problems.
In mathematics and in dealing with all quantitatIve
information, pupils should experience all the usual forms of
graphic display such as histograms, line graphs and
pie-charts, and should learn how to read quantities and
co-ordinates from these. As has been mentioned before,
blind users often need more points-of-reference than a fully
sighted person would, in order to orientate themselves.
,Some information will be better presented: in a model or a
microcapsule diagram.
With all types of tactile diagrams and pictures it is
important that users learn scanning techniques; beginning
with a light, cursory sweep before more detailed
examination. When diagrams fail for a blind student it is
important that the diagram itself should be examined
critically to see if it is deficient in any 'respect: but it
is also vital to consider whether the student's PREPARATORY
EXPERIENCES were lacking in any detail .
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9.4 EDUCATIONAL PROVISION FOR ADVANCED STUDY
In secondary and further education it is important that
blind students have tactile versions of anything shown on
the blackboard or overhead projector.

This needs to be

provided at least when the visual presentation is made, and
preferably before the lesson to give the student an
opportunity to preview the tactile presentation so that the
lesson points can be followed with reasonable fluency.
It has become clear from consultancy work in connection with
the present project that at this educational level there
must be very close co-operation between course lecturers and
those responsible for the provision of tactile resources, OR
the resource staff must have an intimate knowledge of the
content and intentions of the course.
The provision of tactile resources is never adequate if the
resource staff are relegated to the role of "jobbing
printer", merely transcribing into strict tactile copy every
feature of print handouts without question.

9.5 SCENIC PRESENTATIONS
Tactile depictions of scenes, as distinct from isolated
objects, are still comparatively rare, and greater use of
these could be made in the future.

Congenitally blind users

will not have had prior experience of any of the phenomena
of visual perspective. They will not have experienced the
occlusion of one object by another standing in front of it.
They will not have experienced the apparent upward movement
of an object in the visual field with increasing distance,
and the way this affects groupings of people and objects in
pictures.

They can learn to understand these phenomena, but

not usually in the vivid way in which the TVSS subjects
experienced them in controlling their own camera.
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(Guarnerio, 1974, p.103)

An older user of scenic tactiles

can go on to understand perspective phenomena in a more
precise way, and begin to appreciate them as a source of
absorbing interest and challenge to many visual artists.
When attempts are made to transcribe visual art into tactile
form for the enjoyment and education of interested blind
users, it is the writer's strongly held belief that the
tactile pictures should at least HINT at style differences
between one artist and another.

The blind person would get

a very false impression if human figures by, say,
Gainsborough, Monet and Stanley Spencer appeared to have the
same solidity.

This intention is undeniably problematic,

but if it cannot be attempted, then the tactile page remains
as a very superficiai kind of map, and it would perhaps be
preferable to rely on the evocative power of words instead.

9.6 THE OVERALL PICTURE
Tactile diagrams and pictures are still sorely under-used in
the education and leisure pursuits of blind people.

It is

true that first-hand experiences are vitally important
wherever they can be provided, but tactile pictures fill in
many unattainable gaps.

Many things are too large, too

small, too fragile, or too dangerous to be touched and it is
in situations like these that models and tactile pictures
come into their own.

Tactiles provided in early life also

prepare the user for later, more detailed material.

There

is a need for home-based activities which contribute to the
developing corpus of understanding.
Media like German film
need to be more generously provided for the child to
experiment with, for "practice makes perfect" and only by
experimenting and making mistakes in solitude will the blind
child acquire fluency in reading and drawing tactile
pictures.
It is also possible to create diagrams and pictures which
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have a game or puzzle element and can be used as the
starting-point for practical activity.

There are many

possible uses for such things as tracking and discrimination
tasks, counting and shape matching games, and so on.
One congenitally blind six-year old in a mainstream class
needed some kind of apparatus to give her some idea of
snow-crystal forms when her sighted peers were looking at
photographs etc.

She was provided with a six-fold star-like

shape of thin rods spaced at 60deg. intervals.

This was

then thermoformed in heavy grade brailon and used as the
basis of a snow crystal shape which she built for herself
out of small rod-shaped or v-shaped sub-units of white
plasticene.

She was told that any unit which she added to

the first rod (generally the top one) should be matched by
identical additions to the other five arms as in the diagram
opposite.

She in fact prepared six identical pieces of

plasticene which she ~olled and shaped before laying them in
position on the matrix provided. The finished model
exhibited the sixfold symmetry which is characteristic of
snow crystals, and "formed an acceptable alternative to the
visual experiences and drawings of her peers.

9.7 THE FUTURE FOR TACTILE ILLUSTRATIONS
With present knowledge and equipment it has to be admitted
that the available tactile illustrations fall woefully short
of the capabilities and variety of visual illustrations.
Despite this, the various sorts of tactile presentation have
advanced greatly in the past two decades, and teachers and
others working with visually impaired children and adults
are learning how to make better use of them.
In an era when the world of technology becomes more and more
complex, and where communication, whether for education,
information or entertainment, becomes more visual, it is
vital that the means are found to make as much of this
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material available to visually impaired people as possible.
This is particularly so where visually impaired people are
supported in a setting where they are integrated with people
of full sight.

A failure to do this would further handicap

them in education and career opportunities and in leisure
and entertainment.

Fortunately for the future, even the

present methods of provision have not yet been fully
exploited, and some present work gives hope of imminent
advance.

(Buultjens, 1988; Parkes, 1988)

The research of the present writer has made it clear that
even congenitally blind people can learn to use tactile
graphics, and that their responses can be quicker and more
complete than some teachers have suggested. (see section
6.2) Their enthusiasm and enjoyment in doing so is likewise
heartening.
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DIAGRAM .9.

Depicting the way in which a congenitally blind
six-year-old constructed plasticene snow crystal
patterns on a given tactile matrix
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APPENDIX A
TACTILE EXPERIENCES IN APPROXIMATE CHRONOLOGICAL ORDER
(but beware of hard-and-fast rules!)
Simple paragraph divisions separate discrete activities;
Numbered sections represent loosely defined stages of
development.

1.

Find way around immediate classroom environment.
Handle everyday objects and toys so as to recognise
them from touch and develop skill in manipulating.
Simple matching "Tactile Pairs" or "tactile dominoes".
Hold biro and learn to make consistant marks on German
Film. It is helpful if the pupil can be provided with
parallel lines drawn horizontally about 5cm apart and
then asked to construct a "fence" with freehand
vertical lines, copying a few drawn by the teacher.
Touch, explore and manipulate toy village, and then
describe routes from one place to another.

2.

Draw round teacher's hand on German Film.
draw one's

~

(To have to

hand presents additional problems.)

Relate drawing to life!
Draw round plane geometry templates or any
simple-but-interesting objects.
Identify and complete simple geometric shapes from
incomplete shapes provided.

(See section 4.4) The

amount to be added can be gradually increased.
Look at simple, bold thermoforms.
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Nine cups experiment.
Free hand drawing of shapes from (2) above.
(See sections 4.3 & 4.4)
Draw various aspects of solid shapes (section 4.5).
4.

Draw simple map from play village, and continue
route-finding games. (cf. 1. above).
Construct model of (e.g.) "Village with three
corners", or other map from story books.
Find treasure in sandpit from treasure map. (See
discussion- of this in Section 4.4 of this thesis).
Allow pupils to navigate their way through an obstacle
course of the type suggested by Yngstrom. (Tatham &
Dodds, 1988 p.98)

5.

Draw objects from nature table after seeing teacher
examples. Despite the teacher drawings, the child
-must draw from life and not copy teacher drawings!
(See section 4.3)
Look at, and talk about, thermoformed pictures (fruit,
tree shapes etc).

6.

Look at, and perhaps help to improve and extend, a map
of part of classroom.
Help to make a map of a larger area (School hall?).

7.

Measure and map playground and its furniture.

8.

Illustrate objects from different aspects (after
sectioning or dissection).
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APPENDIX B
Measuring - an outline of possible activities.
1.

Learn to read a tactile ruler.

2.

Measure (e.g.) lesson & reading books.

3.

Learn to use a tactile metre stick.

4.

Measure desk, table, cupboard etc.

5.

Become familiar with a tactile tape measure.

6.

Make simple measurements, with training in
quick-reading skills.

7.

(lO's, 5's then l's!)

Use a trundle wheel, and understand the importance of
walking in a straight line for accuracy. Intelligent
use can be made of walls etc. to help keep the line
straight. Compare the measurements obtained with the
trundle wheel with paced measurements.' What is the
effect if the largest and smallest child in the class
each pace the same distance?

8,

Use a knotted line for longer distances, and
understand the importance of keeping the line taut.
If the line is used for traversing measurements (i.e.
has markings as on a surveyor's chain), practise
making measurements and the necessary mental
calculations in a large room.
(Ref. Hinton, 1984, p.50)

9.

Make a "right angle measurer" from paper.

10.

Learn to use a tactile protractor to measure right
angles and angles greater and less than a right angle.
Understand the limits of its accuracy. Angles may be
scribed on German film.

