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Cognitive Mapping without Visual Experience

Simon Ungar

INTRODUCTION

Try this simple experiment: close your eyes tightly, stand up, and walk to the other side of the room and back.
You have just simulated for yourself what it is like to be blind. Well, not quite: there are several important
factors missing. Firstly, you knew all along that you could open your eyes at any minute if you ran into trouble
(e.g., a large hard obstacle). A blind person does not have that option for recovering from a mistake.
Secondly, you almost certainly used your visually derived mental 'map' of the room's layout to guide you.
Think how much harder it would have been to do the same thing in an unfamiliar room. Thirdly, you drew on a
set of spatial concepts and orientation skills developed across your life-span that involved vision as a major
unifying sense; the very first time you, as an infant, watched your hand as you reached out for an object, you
were already learning about space through vision.

Even this experiment hardly brings you close to the everyday experience of someone who is totally,
congenitally blind. Such a person has no visual memories of particular spaces, and has had no direct visual
input into the development of their spatial understanding in general. Their experience of space comes from
hearing, touch and movement, and yet they can engage in pretty much all the activities that a sighted person
can. How is this possible when we, as sighted people, place so much importance on visual experience in our
lives? Through theories and research in cognitive psychology and behavioural geography, this chapter will
explore the way(s) in which blind people experience and represent space. The first section will trace the
history of thinking on the subject, the second will assess current work while the third will look to the future.

THE PAST: GETTING THE QUESTION RIGHT

What is it about vision that makes it so well suited for spatial representation? A number of features of the
visual system make this modality appear to be better suited to spatial information than any other (Foulke and
Hatlen, 1992; Millar, 1994; Thinus-Blanc and Gaunet, 1997). Vision provides relatively simultaneous
perception of a large spatial field: although the point of foveation is quite limited, other objects are still present
in peripheral vision as our attention wanders round a particular scene. In a sense, haptic exploration is like
foveation without peripheral vision, in that the positions of objects not currently being attended to must be
maintained in memory and no cues are available to draw attention in any particular direction. Vision is more
precise than audition both in terms of accuracy of localisation (distance and direction information) and
identification of objects (features that tell us what something is). These advantages of vision for spatial
perception have often led theorists to assume that blind and visually impaired people must necessarily be
deficient in spatial abilities.

The spatial understanding of blind people became a topic of study in the late 17" century, when the English
philosopher Locke attempted to answer a question put to him by his friend Molyneux:

Suppose a man born blind, and now adult, and taught by his touch to distinguish between a cube and
a sphere of the same metal, and nighly of the same bigness, so as to tell, when he felt one and the
other, which is the cube, which the sphere. Suppose then the cube and sphere placed on a table, and
the blind man be made to see: quaere, whether by his sight, before he touched them, he could now
distinguish and tell which is the globe, which the cube? (Locke, An Essay Concerning Human
Understanding)

Locke's answer to this question is negative. As an empiricist, he believed that our minds originate as a 'blank
slate' (tabula rasa) and that all concepts we have are derived from our sensory experiences. Thus a
congenitally blind person would only have tactile impressions of objects, and these could not automatically
allow him to recognise the same objects by sight. It is only by integrating experiences from different senses
that we build up abstract (amodal) concepts. In contrast to Locke, rationalist philosophers argued that abstract
ideas about the world (including spatial concepts) are present at birth: we recognise something as spherical,
in any sensory modality, by matching it to a pre-existing concept of a sphere.

The dichotomy of empiricism versus rationalism has continued to influence theories of the mind in the form of
the famous 'nature/nurture debate'. However Millar argues that this way of thinking about the problem offers



us little in either theoretical or practical terms (see Millar, 1994, for a fuller discussion of this issue), and she
suggests an alternative reading of the question, focusing on the empirical issue of how perception relates to
knowledge. In other words, if one perceptual modality (i.e. vision) is missing, what (if any) effect does this
have on our knowledge of the world? Here, the question is phrased in terms of information processing and
directs us to a study of the nature of information handled by the various modalities, the way this information is
processed and the way the resulting representations guide or influence spatial behaviour.

Logically, three answers have been proposed for this question (Andrews, 1983; Fletcher, 1980): the lack of
visual experience may result in a total lack of spatial understanding (the 'deficiency' theory); it may result in
spatial abilities which are similar to, but necessarily less efficient than, those of sighted people (the
'inefficiency' theory); or it may result in abilites which are qualitatively different from, but functionally
equivalent to, those of sighted people (the 'difference’ theory).

The first of these positions is exemplified by the work of von Senden (1932) who argued that spatial concepts
are impossible in people who have been blind from birth, and that visual experience during some early period
is essential for even a minimal understanding of space. This strongly empiricist position is based on the
assumption that vision is the sense through which all spatial representation is derived. More recent work has
undermined this position, as Von Senden's methods have come under critical scrutiny and as empirical
evidence has accumulated which goes against his position.

It has proved considerably more difficult to distinguish between the inefficiency and difference theories, with
much of the empirical evidence supporting either theory. This is because most studies have simply focused on
current spatial abilities (competence) rather than on potential, for instance by looking at gross performance on
spatial tasks without considering the specific representations or strategies underlying performance. More
recently, some authors (Millar, 1994; Thinus-Blanc and Gaunet, 1997; Ungar et al., 1995b; 1996a; 1997a)
have begun to focus explicitly on the strategies used to solve spatial tasks and the relationship between these
and spatial performance. If the poor performance of blind groups on spatial tasks is due to a necessary
limitation imposed by the lack of vision on the range of strategies they can use to code spatial relations, this
would support the inefficiency theory. If on the other hand it can be shown that blind people potentially have
access to a range of strategies, some supporting excellent performance, then this would favour an explanation
in terms of difference. Indeed, Millar's (1994) approach challenges the very relevance of explanations phrased
in terms of differences between blind and sighted people in the processing of spatial information. She places
all the emphasis on the information that is available to people under particular task conditions (e.g., blind
versus sighted task conditions). We will return to these more recent approaches after a review of the literature.

THE PRESENT: EMPIRICAL EVIDENCE AND THEORETICAL FRAMEWORKS

Some Important Distinctions

Near Space vs. Far (Haptic vs. Locomotor) Space

In research on spatial cognition in blind and visually impaired people, a distinction is usually drawn between
'near' and 'far' space. The former relates to small-scale or manipulatory space: areas that can be explored
without changing the location of the body. The latter relates to medium- or large-scale space: areas in which
locomotion is required for exploration. Although the main focus of this chapter is on the latter, research on
small-scale spatial tasks in blind children tells us a lot about the nature of spatial representation in general.

In the absence of vision this distinction is very important for the performance of spatial tasks. In small-scale
space, where haptic exploration with the hands and arms is used, object locations can be represented relative
to one's own body, providing a stable egocentric frame of reference. In large-scale space where exploration
involves locomotion, the body must translate (i.e. change location), and egocentric reference frames become
less reliable.

Millar (1994) points out that vision provides at least three advantages for the sighted traveller: the coincidence
of body-centred and external reference frameworks during locomotion; the ability to look forwards and
backwards along a route and thus integrate the locations of spatially separated landmarks; and in terms of
prior knowledge about coding the relations of planes and surfaces. Thus, despite some logical similarities
between blind and sighted people's experiences of large-scale space, there are some important functional
differences also.



Early vs. Late Onset

In considering the understanding of space by blind people it is important to make a clear distinction between
people who have been blind since birth or early in life, and those who have lost their sight later and have
therefore had some visual experience. Exactly how long a period of visual experience is necessary or at least
valuable for spatial development? In general, the performance of later blinded people on a range of spatial
tasks is more similar to that of sighted people than of early blind people. However, studies have employed
widely varying cut-off points for the distinction between early- and late-blindness, ranging from a few months
to three years of age. Although the results remain interesting for theoretical purposes, it will be necessary to
be more precise about this factor in future research.

Memory versus Inferential Tasks

Another important distinction is between tasks that require participants to make a response based on a spatial
relation that has been directly experienced, and tasks that require participants to infer a new relation based on
their direct experience. The former simply requires some form of spatial coding, while the latter requires that a
transformation be performed on the coded information. This distinction has frequently been used to test for
differences in spatial coding particularly in large-scale space where performance in inferential tasks is
generally more efficient and reliable when based on external coding, for instance an integrated or 'map-like’
representation of a spatial layout.

On the Table Top: Coding Strategies in Haptic Space

Coding Spatial Relations

In performing any spatial task, one has the option of coding the location of an object either by reference to
one's own body and/or movements, or relative to some external framework (see Tversky, this volume, for a
detailed discussion of this topic). For instance, | can determine the position of a cup on my desk either by its
distance and direction from where | am sitting (i.e. by extending my arm by a certain amount in a particular
direction relative to my body) or by its position relative to the layout on my desktop (e.g., between the
computer and the lamp). Either method should allow me to reach for it accurately (all other things being
equal!). A number of studies have focused on the way blind and sighted people spontaneously code the
locations of objects in small-scale space (for a detailed review of these studies, see Millar, 1994).

Generally, such studies show that people with little or no visual experience (congenitally and early blind) tend
to code spatial relations in small-scale space by reference to their own body co-ordinates and/or their arm
movements during exploration of the experimental space. According to Millar (1982), this is because the 'type
and reliability of spatial information' (p. 72) available under blind conditions differs from that available with
vision, and these differences in the quality of experience generally prompt early-blind children to organise
spatial information by different coding strategies from those that tend to arise from visual experience.

Consider, for instance, the task of repeatedly locating a cup of tea placed in a constant position on a desk as
you remain seated at the desk, also in a constant position. With vision, it may be more natural to code the
cup's position relative to other objects on the desk. In the absence of vision, this strategy would involve
locating the reference objects by touch each time you wanted to take a sip. It would be far more efficient in
this case simply to encode the cup's position relative to your own body co-ordinates or according to a reliably
reproducible series of arm movements. A similar everyday example comes when we are sitting in a stationary
train, and an adjacent train starts to move off. Initially we feel, on the basis of visual information, that our own
train is moving, but kinaesthetic information soon tells us the truth. Here, visual information is clearly less
reliable than kinaesthetic information.

In this sense, strategies are seen by Millar as 'optional forms of coding' which differ in the types of information
selected (e.g., relationships between locations in space or relation of locations relative to the body mid-line)
and the coding heuristics appropriate for a particular type of information (e.g., external frame of reference,
self-referent, movement). The strategies are optional in the sense of being interchangeable, although they are
not necessarily equally reliable in a given context (e.g., the moving trains example). Visual experience
prompts children to attend to external cues (e.g., the interrelationships between locations) and this is the case
both for sighted children performing the tasks blindfold and for late-blinded children. Congenitally blind
children tend to neglect such cues and thus adopt different strategies.

These strategies produce reliable performance in most small-scale tasks, the chief exception being those that
involve spatial inference or mental rotation. In these cases the cognitive load involved (in calculating a new
spatial relation or updating spatial relations after rotation) is greater with body-centred and movement
strategies, although it is not impossible. If external cues are attended to and used, however, performance is
generally improved. Such external cues are potentially available even in the absence of vision.



This is supported by a study (Ungar et al., 1995b) in which blind and partially sighted children were asked to
examine and then reproduce a layout of shapes either from the same location or at a new location, 90° rotated
around the display. In the analysis, the children's exploration strategies were examined in relation to their
performance in the reproduction task. The analysis showed that children who adopted a strategy that related
objects to each other and to the frame of the display were less affected by the rotation than children who
learned the objects' locations by simply touching each one repeatedly. It seems likely that these exploration
strategies were correlated with particular coding strategies: children using the former strategy probably coded
each object location by reference to the rest of the display while children using the latter strategy probably
coded object positions relative to their body and/or arm movements. Similar results were found more recently
by Gaunet et al. (1997).

External cues also become advantageous when the task is very complex. Ungar et al. (1997a) asked early-
blind and sighted participants to learn a complex map of a fictional town, and then to reconstruct it from
memory. Performance of the blind group was significantly poorer than that of the sighted group. However, the
large individual differences within the blind group were accounted for by the various strategies used to explore
the map and organise the information. Better performance was associated with strategies that took used
external reference frameworks, and it is likely that such strategies were used by participants who had more
experience of small-scale spatial tasks, such as reading tactile maps or using the Optacon.

Summary

Spatial tasks at the small-scale (as we have defined it) are generally performed well by early-blind participants
relative to late-blind and sighted groups (Millar, 1994; Thinus-Blanc and Gaunet, 1997). Lack of visual
experience tends to give rise to body-centred and/or movement based coding strategies as these are
generally more reliable at this scale under blind conditions, and generally prove to be functionally equivalent to
those used by sighted people (Klatzky et al., 1995). Such strategies prove less effective when tasks require
mental reorganisation, mental rotation or spatial inference, or when tasks are very complex. However
congenitally and early blind participants do have the potential to use externally based coding strategies which
support good performance even on these tasks.

Wayfinding and Cognitive Maps: Locomotor Space

Methods of Externalising Cognitive Maps

A similar range of methods has been used to investigate the cognitive maps of blind people as has been used
with sighted people (see Kitchin, 1996, and this volume, for a review). Sketch mapping is not widely used as
blind people are generally unfamiliar with this medium, but the construction of models is used. More common
have been direct (re)production of a route, distance or direction by walking, distance estimation or direction
estimation using some kind of pointer. The relative reliability and validity of these measures for blind people
has been considered in a number of studies (Haber et al., 1993; Kitchin and Jacobson, 1997; Morsley, 1989).

Familiar Environments

By looking at spatial knowledge of familiar environments, we can investigate the structure of cognitive maps
constructed over time in relatively large areas. It is generally impractical to familiarise participants with very
large and complex areas due the time consuming nature of this process.

Casey (1978) asked blind and sighted schoolchildren to produce a plan of their school campus using model
buildings. He found that the blind participants as a group were less accurate than sighted participants, but that
some individual blind participants were very accurate. Casey also found that the performance of blind
participants was correlated with their level of independent mobility, although the direction of causation was not
explored. In an analysis of the models produced by Casey’s participants, Golledge et al., (1996) pointed out
that the congenitally blind participants had a tendency to linearize curved paths, that the maps were
segmented and chunked rather than integrated and that features on familiar routes were more accurately
represented than those on less familiar routes.
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Figure 1: Layout of the school and grounds used to test children's
knowledge of a familiar environment by Ungar (1994, Experiment 3) 1 -
Entrance steps, 2 - Dining room, 3 - Staff room, 4 - Assembly hall, 5 -
Skittle alley, 6 - Play area, 7 - Sand pit, 8 - Boat, 9 - Swings.

Ungar et al., (1996b) asked eighteen visually impaired children (aged 6 to 12.5 years) to estimate distances
between nine locations around their school (see Figure 1). Rank order correlations were performed to
compare the distance judgements of each age and visual status group with an accurate set of Euclidean and
an accurate set of functional distances'. On the whole, children's relative distance judgements correlated
more highly with the functional baseline than with the Euclidean baseline. In order to gain some impression of
the mental representations underlying children's relative distance judgements, the data were analysed using
multidimensional scaling. For all participants taken together a picture emerged in which functional distances
were exaggerated, and these functional distances were based on habitual paths of movement by the children
in their daily school activities. Overall the results were consistent with those obtained with adults by Rieser et
al., (1980).

Constructed Environments

One problem in testing people's knowledge of familiar environments is that it is impossible to control for
individual differences in experience. Therefore a number of studies have tested children in novel environments
- either an experimental environment constructed in the laboratory (Fletcher, 1980; Landau et al., 1984; Rieser
et al., 1982; 1986) or an unfamiliar part of the real world (Dodds et al., 1982; Espinosa et al., 1998; Leonard
and Newman, 1967; Ochaita and Huertas, 1993)
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Figure 2: Layout used by Rieser, Guth and Hill
(1982; 1986, based on a diagram in Thinus-Blanc
and Gaunet 1997). Solid arrows represent paths
used to learn layout. Dotted line shows one
example of an inferred path

' Euclidean distances are direct or 'crow's flight distances. Functional distances are actual travelling distances or 'city block' distances.
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Rieser et al. (1982; 1986) tested the ability of congenitally totally blind, later blinded and blindfolded sighted
adults to keep track of their position relative to a number of landmarks as they moved or imagined moving
through an experimental layout of objects (see Figure 2). The participants learned the layout by walking with
an experimenter from the start point to each of the landmarks in turn, returning to the start each time. The
participants were then tested in two experimental conditions. In the locomotion condition, participants were led
by a circuitous route to one of the experimental landmarks and asked to aim a pointer at each of the other
landmarks in turn. In the imagination condition participants made pointer estimates from the start point but
were asked to imagine that they were standing at one of the experimental landmarks.

The sighted and the adventitiously blind groups performed very accurately in the locomotion condition but less
accurately in the imagination condition. In contrast, the performance of the early blind group was similar in
both conditions to the performance of the other groups in the imagination condition. Furthermore, the
response latencies of the sighted and adventitiously blind were longer for the imagination condition than for
the locomotion condition, whereas the latencies for the early blind group in both conditions were similar to
those of the other groups in the imagination condition.

Rieser et al. (1982) suggested that this pattern of results reflected differences in the way the task was
performed. In the locomotion condition, the previous visual experience of the sighted and adventitiously blind
groups afforded them a sensitivity to the changing perspective structure of the environment and thus allowed
them to update their position automatically as they moved (cf. Gibson, 1986). In the imagination condition,
without the locomotor information to support automatic updating, these groups had to resort to a strategy of
calculating the relative positions of the landmarks. The early blind group, with similarly long latencies and high
errors for the locomotion and the imagination conditions, appear to have used a calculation strategy in both
conditions.

However, not all studies found poorer performance in early and congenitally blind participants. Loomis et al.,
(1993), in a replication of the Rieser et al. (1982; 1986) study, found no significant group differences in error
scores and all but one of the early blind participants performed at the level of the sighted participants.
However response latencies of the early blind participants were higher than those of the sighted participants,
which might suggest a speed/accuracy trade-off consistent with the use of a calculation strategy by the
visually impaired participants. Moreover, Loomis et al. acknowledge that their participants had more
experience of independent mobility that those of Rieser et al. (1982; 1986). Similarly, Klatzky et al., (1995)
found no differences between congenitally blind, late blind and sighted groups on a range of spatial tasks
including those involving mental rotation and inference.

Hill et al., (1993) and Gaunet and Thinus-Blanc (1997) looked at the exploration strategies used by blind
participants as they learned a large-scale layout of four objects in a large room similar to that of Rieser et al.
(1982;1986 see Figure 2). From observation of the participant's behaviour, each of these studies identified a
number of strategies used to learn the experimental layouts; these are listed in Table 1. All studies found a
significant relationship between the pattern of strategy use and performance on tests of spatial knowledge of
the experimental layout. Specifically, Hill et al. found that perimeter and gridline strategies used in isolation
gave good knowledge of object location (indicating knowledge of the individual locations of objects), however
in a test of integrated ('map-like') spatial knowledge of the layout, participants who used the perimeter strategy
tended to perform poorly. Good performers tended to use object to object, perimeter to object or home-base to
object strategies, and also used a wider range of strategies.

Table 1: Strategies identified in the studies by Hill, et al. (1993) and Gaunet and Thinus-Blanc (1996)

Strategy Description Studies
Perimeter Explored the boundaries of an area to identify the area's shape, size and key Hill et al.
features around its perimeter, by walking along the edge of the layout
Grid Investigated the internal elements of an area to learn their spatial relationships, Hill et al.
by taking straight-line paths from one side of the layout to the other.
Object to object Moving repeatedly from one object to another, or feeling the relationship Hill et al.
between objects using hand or cane.
Perimeter to object = Moving repeatedly between an object and the perimeter Hill et al.
Home base to Moving repeatedly between the home base (origin point for exploration) and all  Hill et al.
object the others in turn
Cyclic Each of the four objects visited in turn, and then returning to the first object Gaunet and
Thinus-Blanc
Back-and-forth Moving repeatedly between two objects Gaunet and

Thinus-Blanc

Gaunet and Thinus-Blanc found that the cyclic patterns were used predominantly by early blind participants,
whereas late blind and blindfolded sighted participants tended to use the back-and-forth strategy. Both within
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and across groups, use of a back-and-forth strategy was associated with good performance, whereas cyclic
exploration was associated with poor performance, on a number of tests of spatial knowledge of the layout.
The authors suggest that cyclic exploration formed the basis of a sequential representation of the layout
whereas the back-and-forth strategy, like the object to object strategy of Hill et al., formed the basis of a more
integrated representation.

Novel Environments

Although constructed environments allow us to test spatial performance independently of prior learning,
practical considerations restrict these environments to a relatively small scale, typically within a large room.
Exploration of such environments does involve locomotion, but the distances involved are very limited, and
importantly are less than the normal range of humans. By testing participants in real environments with which
they are unfamiliar, we gain the advantages of both familiar spaces (ecological validity) and of novel spaces
control of experience. The cost is in terms of the practicality of familiarising large numbers of participants with
a large chunk of urban environment, and consequently relatively few studies of this kind have been carried
out.

Dodds et al. (1982) introduced congenitally and late totally blind children (mean age: 11.5 years) to a short
urban route by leading them along it four times. As they walked the route children were repeatedly asked to
make pointer estimates to a number of locations along the route. Overall, errors in direction estimation
increased with distance from the target, but this effect was considerably greater for the congenitally blind
children, who were less accurate overall than the late blind children. This finding suggests that visual
experience facilitated the construction of co-ordinated spatial representations of locomotor displacements. As
all the children were able to walk the route, Dodds et al. argued that the congenitally blind children must have
coded the route in terms of body centred distances and changes of heading, but were not able to integrate this
information into an externally based representation of the layout. However, it is clear that this is not a
necessary consequence of a lack of visual experience, as a number of congenitally blind participants
performed at a similar level to sighted participants. Similar results were found by Espinosa et al. (1998) with
blind adults in an unfamiliar parts of central Madrid and suburban Sheffield.

In another study, Ochaita and Huertas (1993; Ochaita et al., 1991; Rosa and Ochaita 1993) familiarised blind
children and adolescents (from 9 years to 17 years) with a route linking seven landmarks in a real
environment (school grounds or a public square) by leading them along it once. On three subsequent days,
each participant led the experimenter along the route. At the end of each session, participants were asked to
construct a scale model of the space and to estimate between-landmark distances. No differences were found
between congenitally blind and late blind groups on either measure.

Passini and Proulx (1988) asked blind and sighted adults to walk a route through two floors of a large,
unfamiliar office building. After two guided walks, the participants were asked to walk the route unguided,
while thinking aloud about the wayfinding decisions they made. The participants were then asked to produce a
model of the route. The blind participants made significantly more wayfinding decisions and used more units
of information (e.g., landmarks) than did the sighted group. However, both groups were equally able to
produce models of the route.

Summary

With studies of large-scale space, the results have been less consistent. Most studies agree that early-blind
participants perform as well as late-blind and sighted participants on tasks that involve spatial memory (e.g.,
reproducing angles or distances). However in tasks involving spatial inference (e.g., short-cutting, inferring
crow's-flight directions) the results are inconsistent: early-blind participants generally perform more poorly, but
often no differences are found. Importantly, many studies have reported that some congenitally or early blind
individuals perform well within the range of sighted or late-blind groups. These individual differences indicate
that the poor mean performance of blind groups does not reflect a necessary impairment in spatial ability
resulting from lack of visual experience. Other kinds of experience and/or strategies used to solve the tasks
are more likely to account for these individual differences.

Explaining the Data

What, then, do these studies tell us about the spatial cognition of blind and visually impaired people? As we
have already pointed out in the first section of this chapter, a strong 'deficiency' theory (e.g., von Senden
1938) will not do. In many of the studies cited above, congenitally, totally blind participants were found to
perform at the level of sighted participants on spatial tasks, including tests of spatial inference. We can
confidently say that lack of visual experience does not prevent the acquisition of spatial representation.



As regards 'inefficiency' and 'difference' theories, it is less clear from the data which of these better
characterises the spatial cognition of blind people. This is partly because the studies themselves were often
not designed to make this distinction. Poorer performance by congenitally blind groups versus later blinded
and sighted groups could be due to spatial processing and/or storage which is necessarily inferior in the
absence of visual experience, or to the habitual use of different information processing strategies which
produce poorer performance.

Two recent publications have argued convincingly for an interpretation in terms of difference. Both consider
the poorer performance of congenitally blind groups on certain spatial tasks to be due to the use of different
strategies: Millar (1994) emphasises coding strategies while Thinus-Blanc and Gaunet (1997) focus on
behavioural strategies.

Millar: Informational Conditions and Spatial Coding

In her recent book, Millar (1994; see also 1995 and 1997 for excellent summaries of her approach) proposes a
new theory of spatial representation based on research with blind and sighted people. According to her
approach, the study of spatial understanding and representation in the absence of visual experience tells us a
great deal about spatial cognition in general, as well as providing practical solutions to the needs of blind
adults and children. Central to her theory is her 'working model' of spatial development, called 'CAPIN'
(convergent active processing in interrelated networks). According to this, information from each of the
different senses is specialised but also complementary and overlapping, providing a significant degree of
redundancy in the information entering the system.

Because of this overlap, spatial information is not the exclusive domain of one sensory modality. Spatially
relevant information is available through senses other than vision (e.g., through hearing, touch and
movement) and this information can form the basis for spatial coding. However, the lack of one sense within
the system tends to bias the way in which information is coded. While vision provides ready access to reliable
information about external frames of reference (i.e. the relationship between external surfaces), touch, hearing
and movement do not. The most reliable forms of coding in these conditions are those based on the body and
on movement of the limbs. For this reason, congenitally blind children and adults generally tend to use
egocentric coding in spatial tasks. While such coding strategies are most reliable for many spatial tasks, there
are some tasks, e.g., those involving mental rotation or spatial inference, for which coding relative to external
frameworks is advantageous.

The important point is that the processing of spatial information by congenitally blind people is not necessarily
less efficient than in sighted people, as the 'inefficiency' theory proposes. It is misleading to focus purely on
levels of efficiency rather than on the nature of coding used by participants. Congenitally totally blind people
tend to code spatial relations egocentrically because this type of strategy generally works best for them.
Moreover it is not the case, as Piaget and his colleagues (Piaget et al., 1960) argued, that egocentric coding is
simply an immature stage of development which is later entirely superseded by more logically rigorous forms
of coding (e.g., Euclidean geometry). Millar points out that even very young children can use external frames
of reference in certain task conditions, and that sighted adults often use egocentric frames of reference in
situations where these are most reliable and efficient.

In large-scale space, Millar argues, this tendency to code spatial relations egocentrically results in a tendency
to form sequential representations based on routes in contrast to the more global, map-like, externally-based
representations characteristic of sighted people. However, it is stressed that the former means of coding is not
necessarily inferior to the latter; it is simply more reliable under blind conditions in most cases. Millar points
out that it is even possible to form map-like representations on the basis of route coding, although more
cognitive effort is required to reach this level.

The information provided by the intact senses is potentially adequate to support other types of spatial coding
(e.g., externally based representations), provided blind children are systematically provided with the right
kinds of cues for coding information by external frameworks. The practical task ahead, as Millar sees it, is to
identify a range of methods for providing these cues. Possible interventions consistent with Millar's analysis
are discussed in the next section.

Thinus-Blanc and Gaunet: Behavioural Strategies and Performance

In their recent paper, Thinus-Blanc and Gaunet (1997) review a number of studies on the spatial performance
of early- and late-blinded people, including studies on small-scale and large-scale environments. They point
out that the main difference between early blind people on the one hand and sighted and late blinded people
on the other is in tests of spatial inference in locomotor space. In tasks where participants are asked to infer
angles, distances or paths on the basis of a limited amount of spatial information, performance is generally
better by late-blinded and sighted participants. However there are a number of revealing discrepancies in the



data, which appear to be based on subtle variations in experimental factors and/or differences in the
characteristics of participants.

The approach to explaining these discrepancies suggested by Thinus-Blanc and Gaunet, is to examine the
ways in which people get to know their environment and solve spatial problems: in other words, the
behavioural strategies spontaneously used by participants in spatial tasks. They define strategy as: 'a set of
functional rules implemented by the participant at the various phases of information processing... [which] is
assumed applicable to a wide range of situations' and allows the participant to 'reach an acceptable
performance level without excessive cognitive effort' (p.36). Although this differs from Millar's (e.g., 1994) use
of the term (to mean a form of coding), these functional, behavioural strategies may well be associated with
particular coding strategies, for instance a combination of a perimeter strategy, a perimeter to object strategy
and an object to object strategy in the study by Hill et al. (1993) may be the behavioural counterpart of an
external 'mapping' coding strategy, in which all objects are related to each other and to the outer frame of the
room.

Thinus-Blanc and Gaunet propose three steps for such a research project. Firstly, we must identify whether
any behavioural regularities (e.g., different exploratory behaviours) can be consistently observed in both blind
and sighted participants. Secondly, we need to identify which of these behaviours correlate with performance
on various spatial tasks and thus merit the name 'strategy'. Finally a fine analysis of the strategies must be
carried out to identify the actual cognitive mechanisms underlying them. This approach can potentially inform
theory and generate a set of 'optimal' strategies which could form the basis of future training programmes for
the poor performing blind participants.

This kind of approach has already been used to investigate the performance of blind and visually impaired
people in small-scale (Gaunet et al., 1997; Ungar et al., 1995b; 1997a) and large-scale (Gaunet and Thinus-
Blanc, 1997; Hill et al., 1993; Tellevik, 1992) spatial tasks, and in tasks requiring transfer from small-scale to
large-scale (Ungar et al., 1996a).

Summary

In both the preceding explanations, differences in spatial performance by blind participants correspond to
differences in behavioural and/or coding strategies used to acquire and organise spatial information. The fact
that lack of visual experience tends to lead people to use particular strategies, accounts for the group
differences observed in tests of spatial inference in locomotor space. It is a group tendency rather than an
inability that gives rise to apparent differences at the group level.

MAXIMISING SPATIAL POTENTIAL
Education

Several practical implications for educators spring from Millar's (1994) analysis. The information about the
structure of external space, which is so accessible in vision, must be substituted via touch and or hearing.
How this is to be done effectively is not straightforward. Millar stresses the importance of building on the
information and coding strategies currently available to a blind child, and progressively integrating new
sources of reference information with these existing ones; simply exposing a child to a new source of
information which is rich in external cues (e.g., an electronic device, or an acoustically rich room) may not
automatically cause the child to adopt a new coding system (Millar, 1994; 1995).

Similarly, training blind children or adults to use more effective behavioural strategies, as suggested by
Thinus-Blanc and Gaunet (1997), may not automatically bring about changes in coding. For example, Ungar
et al., (1995a) trained young blind and visually impaired children in strategies for learning a complex tactile
map, based on the most effective strategies observed in a previous study (Ungar et al., 1997a). After training,
there was no change in participants' performance; the poorer participants appeared not to be able to apply the
trained strategies and retained their habitual coding strategies. Such training perhaps needs to be more
closely integrated with children's existing strategies and their understanding of space.

Methods for encouraging young blind children to explore independently may well facilitate their understanding
of the structure of external space. Because a blind child is unable to detect environmental dangers like steps
(even a small one is enough to cause a fall) and jagged edges, she may become reluctant to move out into
space. Simply providing the child with a probe in the form of a cane or a wheeled toy may reduce this
emotional barrier to movement (Morsley et al., 1991; Pogrund et al., 1993; Pogrund and Rosen, 1989).

Vision Substitutes



Another approach has been to substitute vision with an electronic device that converts optical information
about objects in the environment into auditory or tactile information. One such device, the Sonicguide™ (Kay,
1974) has been used in several studies with visually impaired infants and young children. It was hypothesised
that providing children with auditory information about objects and surfaces in external space from an early
age would facilitate their general understanding of the environment. In one study by Aitken and Bower (1982a;
1982b) three congenitally blind infants were given frequent sessions wearing the Sonicguide™ by their
parents. The youngest of the three infants showed a number of spatially oriented behaviours (such as
reaching and grasping) at approximately the appropriate age for sighted children whereas the other two
infants apparently did not benefit from the Sonicguide™ at all. Warren (1994) provides a critical commentary
on these and other, similarly inconclusive, studies.

In a new approach to sensory substitution, the Neural Rehabilitation Engineering Laboratory of the University
of Louvain are integrating research in neuroscience, psychology and other fields to produce 'a model of the
deprived sensory system connected to an inverse model of the substitutive sensory system' (PSVA, 1997).
With recent advances in technology in the neurosciences, such a goal is increasingly realisable, and meshes
well with Millar's (1994) recommendation to reintroduce the required redundancy into the system as a whole.

Tactile maps

Another potential tool for introducing blind and visually impaired people to the layout of the environment is a
tactile map. A tactile map can provide a vicarious source of spatial information that preserves all the
interrelationships between objects in space but presents those relationships within one or two hand-spans.
The relevant information is presented clearly (irrelevant 'noise’ which may be experienced in the actual
environment, is excluded); with relative simultaneity (a map can be explored rapidly with two hands and with
less demand on memory); and without other difficulties associated with travel in the real environment (e.g.,
veering or anxiety). Furthermore, if maps can encourage blind people to represent the environment by
externally based codes, they may form a crucial component of mobility training (Gilson et al., 1965; Yngstrém,
1988).

It should be noted that tactile maps might have at least two important benefits. In a short-term sense, they can
be employed to introduce a blind person to a particular space. However, the exercise of relating a map to the
environment it represents, can potentially improve abstract level spatial thought in the long term, for instance
encouraging the use of externally based coding frameworks for structuring spatial representations of the
environment by making the spatial relations between locations more accessible (Millar, 1994; 1995).

Espinosa et al. (1998) asked blind adults to learn a route through a novel environment either using a tactile
map or by direct experience. Their knowledge of the route was tested by asking them to walk the route
unguided (route knowledge) and to make direction estimates between locations on the route (inferred
knowledge of the layout of the environment). Performance on both measures was best when participants
learned the route by a combination of tactile map and direct experience. Participants who learned the route by
direct experience alone performed poorly on both measures. Similar results were found in studies by Bentzen
(1972) and by Brambring and Weber (1981), indicating that tactile maps can provide congenitally and early
blind people with a cleared impression of the spatial layout of an environment.

The evidence from the few studies with visually impaired children suggests that they have the potential to
learn about, understand and use simple maps to perform orientation tasks in the environment 2. However, until
recently the evidence about visually impaired children's map use was based on small groups of older children
(e.g., Gladstone, 1991) or single case studies (e.g., Landau, 1986). Therefore we carried out a number of
experiments considering the potential of visually impaired children from five to twelve years to understand and
use maps (Ungar et al., 1996a; 1997a; 1997b; Ungar et al., 1994)

In one study, we compared the performance of visually impaired children (aged from 5 to 11 years) who were
asked to learn about an environment either by directly exploring that environment or by being shown a tactile
map of it (Ungar et al., 1994). The environment consisted of a number of familiar toys arranged randomly
around the floor of a large hall (see Figure 3). Tactile maps were constructed showing the location of all the
toys. Both the totally blind and the partially sighted children were able to understand and use the maps. Most
importantly, we found that the totally blind children learnt the environment more accurately from the map than
from direct exploration. The results of this study demonstrated the importance of tactile maps for helping
young totally blind children to form an impression of the space around them.

% |t has been suggested that young children cannot use maps, as they lack an understanding of symbolic systems, specifically they lack
an understanding that a map 'stands for' or represents the environment (e.g. Liben and Downs, 1989; Millar, 1994). However, research
has shown that even pre-school sighted children can understand and use simple maps for simple tasks (Blades, 1994). These children
can make use of the 'correspondences' between the map and the environment (e.g. to make appropriate spatial responses) even if they
do not yet fully understand how the map functions as a representation of the environment.

1N



it

I:l - Boxes containing
toys

#7e7} - 1 metre squares
P of carpet

Figure 3: Example of the layout used by Ungar et al. (1994).

The general finding from our work is that young visually impaired children do have the potential to understand
and use tactile maps. In some studies (e.g., Ungar et al.,, 1996a; Ungar et al., 1997a) it was found that the
strategies children used to perform the map tasks affected their performance; visually impaired children who
adopted effective tactile strategies often performed as well as or better than sighted and partially sighted
children.

Summary

These studies indicate that even young blind children can acquire knowledge about the spatial structure of an
environment from a tactile map, and use this knowledge to make spatial decisions. Thus, tactile maps might
be an ideal means for emphasising external frameworks in the environment, which are not readily
apprehended by direct experience alone. Spatial knowledge may be optimised when tactile maps are used in
conjunction with direct experience of the environment, supporting Millar's (1994; 1995) recommendation that
new strategies should be integrated with existing ones. Individual differences in tactile mapping use may be
accounted for by differences in strategies used to acquire information from the maps, and it may be possible
to train poorer map readers in more effective strategies.

Despite the optimistic findings of this research, tactile maps are still little used in practice, both in the
classroom and in the outside world. Educators do not always have the time or resources to keep abreast of
the latest developments in research. Furthermore, there is very little in the way of standards for the design and
construction of tactile maps; practitioners make use of the resources they have to hand, and as a
consequence, may find themselves reinventing the wheel. Closer links are clearly needed between the
research and practitioner communities.

Environmental Modification and Universal Design

Recent developments in the sociology of disability and the rise of disabled peoples’ movements have forced
people researching impairment to reflect on the role of their work in relation to the lives of disabled people
(Imrie, 1996; Kitchin, 1998; Oliver, 1990). In particular, a ‘social model’ of disability has been formulated which
challenges the traditional, essentialist view of disability as a direct consequence of impairment. According to
the social model, disability arises when environmental barriers (social, political or physical) prevent a person
with impairments from functioning in society in the same way as able-bodied people. Focusing exclusively on
the impairment can lead to solutions that attempt to fit the person to their environment, ignoring possibilities
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for adapting the environment to the person. The social model requires that disability be considered from the
broadest possible perspective, where environmental modifications are preferred but intervention at the level of
the individual is not ruled out.

Related to this, the principle of ‘universal design’ suggests that sensitive planning and design can yield
environments that are equally suited to all people. This points us to environmental modifications which may
benefit large numbers of people. Talking signs are an example of an environmental orientation aid which may
be useful for blind and sighted people alike (Ungar, in preparation).

THE FUTURE

In this final section, | will attempt to do two things: to hazard one or two guesses as to some likely directions of
research in this area; and to highlight some areas which | think deserve attention in the future. This crystal ball
gazing is necessarily based on my own personal experience and perspective within the field.

Early Experiences: Structuring the Young Child's Spatial Experiences

One implication of the research on coding strategies (Millar, 1994) and behavioural strategies (Thinus-Blanc
and Gaunet, 1997; Ungar, 1996) is that early experience influences the way blind children process spatial
information. Even at the earliest school age, children with similar levels of visual impairment already differ in
their performance on spatial tasks. This leads to an emphasis on how the early environment and activities of
blind infants are structured: in the absence of the structuring effect of vision, how do infants learn about the
space around them?

Few studies have looked specifically at sources of spatial information in the environments of blind infants. In a
review of the sparse literature, Warren (1994) identifies aspects of both the physical and social environment
that may influence subsequent cognitive development. In this sense both the opportunity to explore the
properties and layout of the physical environment safely, and the encouragement to do so may both be
important.

Nielsen (1991) developed a 'little room' in which blind infants could explore a range of objects without the
distracting and unpredictable noises of larger environments. She found that infants who were systematically
exposed to this restricted environment exhibited relatively precocious search behaviour.

A number of studies on the social development of blind children (Als et al., 1980; Pérez et al., 1994; Preisler,
1991; Rattray and Zeedyk, 1995; Rowland, 1983; Urwin, 1978) suggest that the joint activities of infant and
caregiver are very different when the infant is blind. Caregivers often do not naturally compensate for their
infant's impairment, and must learn to read the different kinds of social cues that the infant gives and respond
to these. Likewise, it is possible that caregivers do not structure their interactions with their infant in a way that
would optimise her experience of space. This aspect of early development has not received sufficient
attention.

The 'Neglected' Visually Impaired

While the literature on the effects of total blindness increases rapidly, there has been little research into the
effects of differing degrees and types of visual impairment on spatial cognition. This is partly due to the
historical significance of the Molyneux question (discussed earlier) which gives a more general theoretical
importance to the study of blindness and space, but also to the increased complexity of designing studies
which control for the varying profile of visual impairment across the population.

In one study that attempted to address these broader questions, Rieser et al. (1992) asked blind adults with
varying degrees and types of residual vision to make direction and distance estimates in a familiar area. For
the participants with early onset of impairment, they found that degree of field loss, but not degree of acuity
loss, was negatively associated with accuracy of estimates. This result qualifies the finding (e.g., Rieser et al.,
1982; 1986) that lack of visual experience per se leads to difficulties in acquiring integrated representations of
locomotor space. Here some forms of visual impairment led to difficulties while others did not. This result has
major implications for provision of education and services for people with visual impairments and deserves to
be the focus of research in the future.

12



Neuropsychology

With recent advances in techniques for scanning brain activity, a number of studies has considered the
possibility that differences in processing spatial information between blind and sighted people may be evident
at the level of brain function. In other words, lack of early visual experience may lead to different parts of the
brain being used for spatial tasks. Studies using positron emission tomography (PET scan) (Veraart et al.,
1990; Wanet-Defalque et al., 1988) and electroencephalogram (EEG) (Réder et al., 1997), for instance, have
found that activity in the occipital area of the cortex, usually used for processing visual signals, is generally
higher than in sighted and late-blind people. This generalised increased activity is unlikely to support any
specific brain function and is probably the result of surviving synaptic connections which normally disappear
as a result of visual experience (Thinus-Blanc and Gaunet, 1997).

Another study using PET (Catalan-Ahumada et al., 1993) found similarly raised levels of occipital activity
during a spatial localisation task, but also detected lower activity in the Parietal Area 7 of early blind
participants. As Parietal Area 7 has been associated with spatial processing, the authors speculated that the
difficulties with spatial tasks may be based in reduced function in this area.

Further developments in this field may well reveal further differences in localised brain function between early
blind and sighted or late blind people. As our understanding of brain function increases, this may lead to new
ways of substituting sensory information for early blind people. For instance, the Neural Rehabilitation
Engineering Laboratory of the University of Louvain is simultaneously investigating differences in brain
function and developing methods of sensory substitution based on this research.

Cognitive Maps and Urban Design

To some extent turning cognitive mapping research on its head, Vujakovic and Matthews (Matthews and
Vujakovic, 1995; Vujakovic and Matthews, 1994) examined the extent to which differences in cognitive maps
of special populations (in their case wheelchair users) reflect their experiences of the built environment. In
their study, Vujakovic and Matthews asked geography undergraduates and wheel-chair users working
together in pairs to produce maps of the city centre of Coventry which reflected the wheel-chair users'
experiences of mobility in that area. In particular, one map showed the causes of specific mobility blackspots
while another revealed the uneven 'mobility surface' of the area, where streets were graded according to their
level of accessibility. Through the process of externalizing their cognitive maps of the area, the wheel-chair
users could contribute to the mapping process and at the same time make a political statement about the level
of service provision to disabled people in Coventry.

The emphasis here is on the structure of the built environment itself rather than on the representation or
processing of this structure. Rather than treating the cognitive maps of their participants as distortions of
reality (Golledge, 1993), the maps were considered to be versions of reality reflecting a pressing need for
environmental modification. The cognitive maps thus take on a political significance over and above their
psychological interest. This method could usefully be applied to blind and visually impaired people (as indeed
to many other minority populations). The added spatial aspect of this research can enrich previous
questionnaire based studies of environmental barriers for blind and visually impaired people (Passini et al.,
1985; Passini et al., 1986).

GIS and GPS

Another technological development may reduce or obviate the need for cognitive maps. The combination of
geographical information systems (GIS) and global positioning systems (GPS) allows us to pinpoint our
location quite precisely, and can give us detailed instructions about how to get to our destination. Such
systems are already in use for in-car navigation and are being developed for use by blind people (Golledge et
al., 1991; Jacobson, 1994). Golledge and his colleagues (Golledge et al., 1991; Golledge et al., 1998) have
been developing a portable personal guidance system which can provide a blind traveller with constantly
updated information about their position and heading, about local objects, and can provide information about
optimal routes. A major advantage of this technology is that the GIS component can be updated regularly
providing the user with up-to-the-minute information about the accessibility of different routed within the
environment. It seems likely that the ever-reducing cost and size of such technology will bring it within the
reach of most blind people in the not-too-distant future. The effect this will have on their spatial understanding
will be another interesting research question for the future.
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