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Abstract: This articleis an assessment of a variety of techniques used by researchers
in the fields of geography, psychology, urban planning, and cognitive science to col-
lect and analyze data on how people with visual impairment or blindness learn,
understand, and think about geographic space. The authors concluded that these tech-
niques and their results need to be used cautiously. They aso made recommendations
for increasing the validity of future studies, including the use of multiple, mutually
supportive tests; larger sample sizes, and movement from the laboratory to real-

world environments.

Golledge (1993) suggested that the
inability to travel independently and
interact with the wider world is one of the
most significant handicaps that can be
caused by visua impairment or blindness,
second only to the inability to communicate
by reading and writing. Clark-Carter,
Heyes, and Howarth (1986) reported that at
least 30 percent of persons with visua
impairment or blindness make no indepen-
dent journeys outside their homes. The
majority of those who do venture out adhere
to known routes because exploration can

lead to disorientation; chaos;, and the fear,.

stress, and panic associated with being lost
(Golledge, 1993; Hill, et al., 1993). Such
entrapment reduces the independence and
‘quality of life for many persons with visual
impairment or blindness. Cognitive map-
ping research focuses on how individuals
acquire, learn, develop, think about, and
store data relating to the everyday geo-

graphic environment and on the actual
knowledge that is acquired (Downs & Stea,
1973). This research has the potential to be
of great benefit to persons with visual
impairment or blindness (Pick, 1980). The
information is also useful to urban planners,
mobility specialists, and navigation aid
designers (Kitchin, 1994). It is hypothe-
sized that an understanding of how persons
with visual impairment or blindness under-
stand space ‘could lead to the- planning of
-environments that are easy to remember
and that facilitate greater and more pleasur-
able use. This understanding could a so pro-
vide knowledge about the content, form,
and location of spatial information that
should be made available to blind or visu-
aly impaired pedestrians. In addition, it
could provide clues about how to enhance
this group’s wayfinding and orientation
skills by supplying feedback on current
knowledge and strategies of thought. Such
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feedback could provide mobility specialists
with information on how to teach more
effective strategies of spatial thought and
could provide navigation aid designers with
benchmarks for measuring the impact and
effectiveness of various training strategies
and mobility aids. The need for an effective
and reliable assessment becomes ever more
apparent with the accelerating devel opment
of new technological aids for persons who
are blind or visually impaired, such as
NOMAD, an audio-tactile graphics
processor (Parkes, 1988); personal guid-
ance systems (Balachandran, 1995;
Golledge, Loomis, Klatzky, Flury, & Y ang
1991, Petrie, 1995), talking signs (Brabyn,
1995); and Atlas Speaks, atalking orienta-
tion tool (Fruchterman, 1995).

Researchers have used a whole range of
techniques to assess the cognitive map
knowledge of persons who are visualy
impaired or blind and those who are
sighted. This article is divided into two sec-
tions. The techniques used by researchers
from psychology, geography, urban plan-
ning, and cognitive science to assess var-
lous aspects of cognitive map knowledge
are discussed in the first section. This dis-
cussion is divided into those tests that mea-
sure aspects of route knowledge (retracing,
distance, and direction) and those that mea-
sure aspects of configurational knowledge
(where places are located in relation to each
other). When possible, examples are taken
from studies in which the respondents are
blind or visually impared. Some of the
tests that are reviewed in this article have
not yet been used to assess the cognitive
map knowledge of persons with visual
impairment. Therefore, the authors hypoth-
esized about their tests' potential to provide
further comprehension and understanding.
The second section of this article examines

the validity of drawing conclusions from
these tests, given that they focus on content
and accuracy rather than on utility, that the
methodological convergence between them
Is weak, and that their reliability is gener-
ally unknown. In addition, the authors
explored the problems inherent in research
that generally assesses small sample sizes
and the respondents’ knowledge of micro-
scale, artificial environments rather than
real-world macro-spaces that people
interact with in their daily lives.

Review of measurement
techniques

ROUTE-BASED TECHNIQUES

Route-based techniques aim to determine
a respondent’s knowledge of the relation-
ship between two locations and how to
travel between them. Tests to measure this
type of knowledge can be divided into three
categories. In the first category, respon-
dents can be asked to retrace or infer a
route. Passini, Proulx, and Rainville (1990)
compared sighted, blindfolded sighted,
congenitally and adventiously blind, and
visually impaired respondents ability to
retrace a route from the destination to the
point of origin. Klatzky et al. (1990) com-
pared sighted and blindfolded respondents
ability to return directly to the origin from
the destination after they had traversed a
two-to-three-segment route. These types of
techniques have utility because they study
an individual’s interaction with a space,
whereas other techniques might only infer
knowledge and possible behavior from the
test results.

In the second category of tests, respon-
dents can be asked to estimate the distance
between the start and end nodes of a route
or of the segments that make up that route.
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Montello (199 1) classified tests designed to
measure cognitive distance estimates into
the following five subgroups. 1) psy-
chophysical ratio scaling, 2) psychophys-
ical interval or ordinal scaling, 3) mapping,
4) reproduction, and 5) route choice. The
first two of these methods use traditiona
psychophysical scaling techniques that
differ in the level of measurement.
Montello (1991) described four ratio
scaling techniques, two of which are applic-
able to the testing of cognition of large-
. scale distances. Magnitude estimation
requires a respondent to assign a number to
a distance, scaled in relation to a given
value. For example, the distance between
London and Paris could be assigned a scale
vaue of 100. The respondent would then be
required to estimate the distances between
other locations in comparison to this value,
with places closer together receiving a
lower value and places further apart
recelving a higher value. Allen, Siegel, and
Rosinski (1978) and Cadwallader (1979)
have both used this technique to obtain dis-
tance estimates. Ratio estimation requires
the respondent to mark on aline the dis-
tance to alocation, with the length of the
line representing a given distance. Ratio
estimation has been a popular technique,
used by Lowery (1973); Briggs (1973,
1976); Day (1976); Phipps (1979);
MacEachren (1980, 1992); Coshall (1985);
Okabe, Aoki, and Hamamato (1986) and
Lloyd and Heivly (1987) to collect distance
estimates. These techniques al require
large mental transformations and scaling.

Montello (1991) classified psychophys-
‘ical interval or ordinal scaling techniques
into four subgroups. Paired comparison
requires the respondent to decide which one
of apair of distancesis longer (Biel, 1982)
and in asimilar triad method, respondents

are presented with three locations and
asked to judge which of the threeis furthest
from the other two (Allen, 1981; Magana,
Evans, & Romney, 198 1). Ranking requires
respondents to rank distance in an order
along the dimension of length (Allen et al.,
1978; Kossyn Pick, & Farriello, 1974).
Rating requires respondents to assign the
distance between places to a set of prede-
termined classes that represent relative
length (Baird, Merrill, & Tannenbaum,
1979). Partition scales require the respon-
dent to assign distances to classes of inter-
vals that appear to be equa in length
(Cadwallader, 1979). These techniques are
generaly used to collect data for non-
metric multidimensional scaling wherein
datais converted into a two-dimensional
format (see configuration techniques).
These methods of data collection might
have more utility for measuring visually
impaired or blind individuals' knowledge of
place separation than to the magnitude or
ratio estimation techniques because they
require only categorization rather than
more precise scaling estimates.

Mapping requires several locations to be
represented simultaneously on a scale
smaller than the estimated environment. It
Is discussed in the next section.
Reproduction requires respondents to pro-
vide distance estimates on a scale of the
estimated distance. This technique has
potential for use in studies of visualy
Impaired individuals knowledge of dis-
tances because it requires few mental trans-
formations or scaling estimates and is on
the scale that is most familiar to respon-
dents. Route choice requires individuals to
infer judgments of cognitive distance from
their route choices. This technique might
have little utility in the study of how visu-
aly impaired’ individuals cognize distance
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because their choice of routes is often con-
strained to known paths.

In several studies, respondents were
asked to judge Euclidean distances between
locations. For example, MacKay and
Zinnes (198 1) and Matthews (1981) asked
children to estimate, in miles, distances
between locations. Other researchers have
used such familiar units as the scale of use
in magnitude estimation (Briggs, 1976;
Cadwallader, 1976; Saisa, Svensson-
Girling, Girling, & Lindberg, 1986). Day
(1976) had respondents mark a dash along a
line that had miles marked along its length.
The use of such unitsin studies of visually
impaired individuals knowledge is ques-
tionable, and Rieser, Lockman, and Pick
(1980) found that visualy impaired persons
had difficulty estimating Euclidean dis-
tances between locations but had less diffi-
culty estimating functional distance.
However, Haber, Haber, Levin, and
Hollyfield (1993) found that visually
impaired respondents could accurately esti-
mate Euclidean distances within small-
scale spaces. Alternative units of measure-
ment that might have more utility in the
assessment of visualy impaired respon-
dents are the estimation of travel time or the
measurement of functional distance in units
such as paces. .

In the third category of tests, respondents
could be asked to estimate the direction
between the start and end nodes of a route
or between various locations along a route’s
length. Pointing was used by a number of
studies of both sighted (Kirasic, Allen, &
Siegel, 1984) and visually impaired
(Bigelow, 1991; Bryne & Salter, 1983;
Dodds, Howarth, & Carter, 1982; Herman,
Cratiman & Roth, 1983) individuals. In
general, the method requires the respon-
dents to stand, or imagine that they are

standing, at a location and then to point to
another location. Additionally, respondents
can be asked to draw a line across a com-
pass representing the direction to a place,
when the central point represents the origin.

CONFI GURATI ONAL  TECHNIQUES

Graphic tests

Tests to measure configurational knowl-
edge can be divided into four categories.
Graphic test methods are all variations on
sketch mapping. There are five basic sketch
mapping variations.. The basic sketch map-
ping technique is designed to obtain from
the respondent a freely drawn and solicited
sketch map that has been only minimally
defined by the researcher. The respondent is
given a blank piece of paper and is asked to
map a given environment. The normal
sketch mapping technique imposes more
constraints on the respondent than the basic
approach. The researcher is often interested
in more specific features and will word the
instructions appropriately to obtain the
required data. In cued sketch mapping, the
respondent is given a portion of the map
and asked to complete specific features.
The longitudinal sketch mapping technique
allows the researcher to study how the
sketch map evolves. The instruction set is
similar to the normal procedure, but it
requires the respondent to provide the
sketch map on layers of carbon or tracing
paper. After certain time periods, the sheets
of paper are turned over and the respondent
continues to draw. Beck and Wood (1976a,
1976b) and Wood and Beck (1976) argued
that teaching respondents a sketch mapping
language produces maps that are not com-
promised by graphic ability or a lack .of
mapping knowledge. They developed a
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sketch  mapping language  caled
“Environmental A” for use by school chil-
dren. It might be anticipated that visually
impaired individuals will experience
trouble with graphically based tasks
because they require the drawer to select,
classify, simplify, and symbolize their
knowledge to cartographic conventions and
to manipulate it into a representation syn-
onymous with a bird’s-eye view, which is
never experienced by individuals who are
blind. However, Jacobson (1992) has suc-
cessfully used the normal sketch mapping
procedure to collect drawings representing
blind individuals' knowledge of the
University of Wales Swansea campus. In
that study, respondents used a raised-line
drawing board to sketch the campus area
prior to, and after, learning a tactile map of
the area. Although the respondents’ initia
reaction was one of refusal, each indi-
vidual, with encouragement, not only drew
the campus, but was remarkably. accurate
when compared to the learned tactile map.
Downs and Stea (1977) also reported on a
blind student who could accurately draw an
outline map of the United States after
learning atactile map.

Partially graphic and reconstruction tests

Partially graphic and reconstruction test
methods provide respondents with a certain
amount of attendant spatial information..
Soatial cued response methodologies are
essentially location testers. They differ
from sketch mapping in that they require
only the placing of points. This reduces the
motor skill component of drawing to amin-
imum and provides a structured framework
for respondents responses. There are var-
ious techniques, but the basic method is that
of Thomdyke and Hayes-Roth (1982), who
asked respondents to place a location in

relation to two points, one the starting pc
of a route and the other an arbitrary lo
tion. This method provides a scale and
orientation for the respondent. Buttenfi
(1986) altered the methodology so t
instead of performing a series of triad tes
a whole series of locations were placed
relation to the coastline (see Figure 1). T:
test could easily be converted for use w
visualy impaired individuals, with the i:
tial spatial cue taking the form of arais
tactile surface or for use with individu:
with low vision if it took the form of
enhanced graphic. Because of the reducti
in motor skills, the spatial cued respor
test has more utility for measuring t
knowledge of blind individuals than dc
the sketch mapping technique. The d:
from spatial cued response tests can
guantitatively analyzed using bidime
sional regression (Kitchin, 1993), which
a two-dimensional equivalent of ordina
least squares linear regression that allos
two sets of coordinates to be compar
(Tobler, 1965). In this case, the two sets
coordinates being compared are the cog-x
tive and real-world locations. This regre
sion technique is sensitive to rotatior
trandations, and changes of scale and c:
culates how large they are (Tobler, 197¢
In addition, a series of calculations can !
used to measure the amount and type of di
tortion contained within respondents’ repr
sentations (Waterman & Gordan, 1984).
The cloze procedure test is a spatia cor
pletion test. Traditionally, the responde
fillsin the blank space. An aspatial examp
would be, “A dog barks but a cow
Robinson (1974) and Boyle and Robinsc
(1978) have extended this exercise sp
tially. A base map is covered with a gri
and the information contained in some «
the squares is deleted. Respondents are the
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Spatial cued response test |: Try and add to the base

map by placing a point where you think other places and

landmarks are in relation to points A and B.

Spatia cued response test 2: Try and add to the base
map by placing a point where you think the 25 listed
places and landmarks are in relation to points A and
B (provide a list).

Spatia cued response test 3: Try and add to the base
map by placing a point where you think other places,,
and landmarks are in relaion to points A and B and
the coadtline.

Spatia cued response test 4: Try and add to the base
map by placing a point where you think the 25 listed

places and landmarks are in relation to points A and B
and the coastline (provide a list).

Figure 1. Example of a spatial cued response test.

asked to identify particular elements in
these blank squares with the aid of the con-
textual information retained in the
remaining open squares. The results can be
quantitatively analyzed by constructing an
accuracy score that represents how well an
individual did in assigning places to the
boxes. This score is simply the percentage
of boxes with places correctly assigned to
them. Thistest could easily be converted
for use with visually impaired respondents
by giving them a tactile map with blank
gpaces and asking them either to match
given places to spaces (cued) or to decide
what places might be in each square
(uncued) (see Figure 2). Burroughs and
Sadalla (1979) used a similar technique

caled sentence frames. Respondents were
required to complete a set of frames that
took the typical format of: «
Iscloseto ”and “
Isessentially. next to " These
sentence frames. might have particular
utility because they involve no graphic
externalization.

Reconstruction tasks alow the respon-
dent to build a model of an environment.
They have been successfully used to study
visualy impaired individuals knowledge
of an area. For example, Casey (1978)
asked 10 congenitally blind students, aged
17 to 20, and 10 partialy sighted students,
aged 16 to 21, to construct a map of their
school using amodeling kit consisting of 22
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Cloze procedure test 1: Write in the blanked out
boxes the number of a place or landmark that has
been removed. Write the place that number
represents in the spaces below.

Cloze procedure test 2: Write in the blank boxes
the number of the place or landmark from the fifteen
listed below that has been removed (provide a list).

Figure 2. Examples of cloze procedure tests.

wooden building blocks labeled in print and
‘braille and adhesive strips that represented
roadways and paths. Passini and Proulx
(1988) used a similar modeling kit con-
sisting of wooden blocks 2 cm in length and
miniature stairs and circles that indicated
entrances and exits. Each block had a mag-
netic strip so that it could be attached to a
metal board. These models can be assessed
both in terms of their content and their
accuracy.

Uni-to-multidimensional tests

Uni-to-multidimensional techniques,
such as multidimensional scaling and pro-
jective convergence, use route knowledge
data to explore the latent, or inferred, struc-
ture of configurational knowledge. They do
this by constructing a two-dimensiona
space from the one-dimensional data that is
provided, using a series of algorithms..
Multidimensional Scaling (MDS) is atech-
nigque that is designed to construct a map
showing the relationship between a number
, of objects, given only amatrix of distances
between them (Aitken, Cutter, Foote, &
Sell, 1989). These distances can be either
al metric or al ordinal. The purpose of this
technique isto discover the pattern or struc-

ture in acollection of empirical dataand tc
represent that data visually (Golledge.
1977). The agorithm minimizes the differ-
ence, or stress,. between the patterns of
proximities in the matrix and the space cre-
ated (Montello, 1991). Haber et a. (1993;
successfully used the MDS method to com-
pare blind and sighted individuals
Euclidean distance estimates and Lockman,
Rieser, and Pick (1981) have implemented
a nonmetric equivalent. In the Lockman et
al. (1981) study, respondents ‘were pre-
sented with the names of three locations
and asked to determine which two places
were furthest apart and which two were
closest together. Respondents completed a
series Of these questions and the results
were nonmetrically multidimensionally
scaled to produce a two-dimensional map.
Whereas the MDS method constructs a
configuration from a matrix of distances.
the projective convergence, or resection.
method uses direction estimates to work out
the coordinates of locations. Typically.
respondents estimate the distance anc
direction to unseen places from three 01
more locations. The resulting vectors car
be drawn and where the lines end, atriangle
of error can be drawn whose mean center is
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taken as the cognitive location of a place
(see Figure 3b). Hardwick,, Mclntyre, and
Pick (1976) originally developed the
method in a study wherein respondents first
familiarized themselves with four locations
within alibrary. Screens were then erected
and respondents were asked to estimate the
direction by pointing a sighting tube in the
direction of the four unseen locations. By
calculating where the lines intersected, the
triangle of error could be found and a cog-
nitive location could be calculated (see
Figure 3a). Kirasic, Siegel, and Allen
(198 1) first used the distance/direction
method (see Figure 3b) in a study of 48 stu-
dents and their memory of locationson a
university campus, using a direct magni-
tude method for éliciting distances. In a
second experiment (Kirasic et al., 1984),
they devised a method wherein distance
and direction were recorded simultane-
ously, with respondents drawing a line that
represented both.

Recognition tests

Recognition methods collect configura-
tional knowledge data by providing the
respondents with a representation of an
environment and asking them to correctly
identify features and configurations, as in
map/configuration recognition or aerial
photograph recognition. For example,
Evans, Fellows, Zom, and Doty (1980)
asked respondents to identify four out of
eight floor plans that they had just walked
through. Evans and Pezdek (1980) gave
respondents a set of triad configurations,
only half of which were correct. These con-
figurations were either nonrotated or
rotated by 60, 120, or 180 degrees.
Respondents were shown the triads one at a
time and asked to say which configuration
had the places correctly located relative to

each other, despite the rotation, and reac-
tion times were noted. A similar method
was used by Kitchin (1995) (see Figure 4).
Recognition tests are likely to have great
utility for measuring the configurational
knowledge of individuals who are visualy
impaired or blind because the configura-
tions can be easily displayed tactilely and
respondents only have to determine which
configuration is correct. However, the
authors are unaware of any study that
has utilized this method to asses the config-
urational knowledge of visualy impaired
individuals.

Issues of validity

There are a number of important issues
relating to the use of these techniques as
valid indicators of the cognitive map
knowledge of individuals who are visualy
impaired or blind. At a basic level, the
authors question whether these tests are a
suitable way to measure avisually impaired
individual’s knowledge of, or ability to
learn, an area. All of these tests measure an
individual’ s knowledge in terms of accu-
racy, mainly in relation to another represen-
tation of an environment (Euclidean dis-
tances, amap, or a building plan), rather
than utility. For any individual, the utility of
their knowledge— whether it can get them
from point A to point B — isfar more rele-
vant than a correspondence between their
knowledge and a geometrical abstraction.
The utility of someone’s knowledge is best
assessed through tasks that demonstrate it
In action, such as wayfiiding in a complex
environment. However, assessing utility in
real-world environments is difficult
because of complicating factors. For
example, when individuals are wayfinding
In a complex environment, are they using
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B Location estimated from
P Centre (cognitive location)
Estimated cognitive lodation

. — Perimeter
LZ> Fuzziness error
D Direction estimated

B Location estimated from
P Centre (cognitive location)
@ Esimated cognitive location

— Perimeter
Fuzziness error :
D+D Distance and direction estimatdd .

Figure 3. Projective convergence technique for converting unidimensional estimates into coordinates. Sources:
A. Hardwick et al. (1976), B. Kirasic et a. (1981).
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Al suEl MPIEL gl

MP sul sH SRS mp
SR$| SRS MP 'SH
B <q  |E] SRS [Q] -MP_[H]'SRS
C oMmp| MP SH
SRS " gy| saSRS _MP
Square is the correct orientation.

ﬁ Orientation specification test: Complete
the booklet detailing which box contains
the correctly orientated configuration.

MP Mumbles pier
SH Singleton hospital
SRS Swansea rail station

Figure 4. Example of a recognition test.

their cognitive map knowledge to guide
their actions, cues in the environment to
guide their actions, or ‘both? This is an
important question when trying to deter-
mine if visually impaired individuals are
capable of developing spatial representa
tions of environments.

In their defense, these techniques do pro-
vide the opportunity to discover knowledge
content and assess how accurate this
knowledge is, with the inference that the
greater the accuracy of the knowledge, the
more utility it has. Currently, despite a
number of studies, knowledge of how per-
sons with visual impairment or blindness
learn, understand, and think about geo-
graphic space is limited (Passini & Proulx,
1988), and the answers to many questions
about that knowledge are incomplete. For
example, can a person with. visual impair-
ment or blindness achieve an adequate spa-
&I representation of a complex, real-world
environment? To what extent does lack of
vision impoverish an individual’s cognitive
map ‘knowledge? Do persons with visual
impairment or blindness have the same
skills, abilities, and knowledge structures as
sighted persons do? Do they use spatial
information to solve problems or respond to
life experience in the same way as sighted
persons do? How do persons with visua

impairment or blindness learn a new envi-
ronment and update existing knowledge
with new information? What is' the role of
gpatial perception in the formation of cog-
nitive map knowledge and active spatial
behavior by blind or visually impaired per-
sons? What exploration strategies are used
by wayfinders who lack sight? (Blades,
Golledge, & Kitchin, in press).

These tests do provide the opportunity to
explore and answer these questions.
Furthermore, they have led to the formation
of three theories related to the visually
impaired individual’s ability to understand
gpatial relationships. 1) the deficiency
theory, which states that congenitally blind
individuals are unable to develop a general
gpatial understanding because they have
never experienced the perceptual processes
(vision) necessary to comprehend complex
gpatial arrangements (Golledge, 1993);
2)the inefficiency theory, which states that
persons with visual impairment can under-
stand and mentally manipulate spatia con-
cepts, but because information is based on
auditory and haptic cues, this knowledge
and comprehension is inferior to that based
on vision (Spencer, Blades, & Mordey,
1989); and 3) the difference theory, which
states that visually impaired individuals
possess the same ahilities to process and,
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understand spatial concepts and that any
differences, either in quantitative or quaita-
tive terms, can be explained by intervening
variables, such as access to information,
experience, or stress (Passini & Proulx,
1988). These theories now need to be
extensively examined using the tests
outlined.

The tests do, however, have a number of
problems and unknown qualities. First,
many studies have shown that these tests
have weak methodological convergence. In
other words, they produce different results
for the same individual even when the tests
have similar characteristics (such as two
partially graphic tests). For example,
Howard, Chaser and Rothman (1973),
Cadwallader (1979), and Montello (199 1)
found that tests designed to measure dis-
tance cognition produced varying results.
Similarly, MacKay (1976), Magana et al.
(1981), Bryant (1984), and Matthews
(1984) found that tests designed to measure
aspects of configurational knowledge pro-
duced contrasting findings. Although these
studies reported that differences existed, the
specific reasons for any differences were
not discovered.

Recently, Kitchin (1995) studied the
results from 13 tests designed to measure
aspects of configurational knowledge in an
attempt to ascertain why different tests pro-
duced varying results. Six groups of indi-
viduals each completed a set of four dif-
ferent tests. Each of the four tests were
drawn from a different category of test
types (graphic, partially graphic, uni-to-
multidimensional, and recognition). Tests
»were found to introduce varying amounts of
methodological bias into an individua’s
results. These biases were found to be
caused by differences both in the amount of
gpatia information provided to the respon-

dent and the amount of inforrnatio
requested by the respondent. Differer
combinations of these two factors cause
varying results and their relationship wa
found to be quite complex. For exampie
when provided with little spatial informe
tion and requested to locate a set number ¢
designated places, large residuals wer
introduced into the analysis because th
respondents did not know the locations ¢
certain places. When provided with aset ¢
gpatial locations and asked to identify whe
place was at which location, residual errc
was introduced because the respondents di
not know the places at certain location:
Additionally, some tests were discovered t:
be too abstract for respondents, requirin;
them to use skills that were not well devel
oped. For example, respondents had diffi
culty estimating absolute (Euclidean) dis
tances between places but found it easier t
estimate relative distances. As a result, indi
viduals varied in how they did in compar
ison to their peers and an abstraction of thr
real world, such as a map. Two main con
clusions can be drawn from this study: 1
no one test can produce superior result:
because each test introduces some biase:
into the analysis; and 2) multiple, mutually
supportive tests should be used to assess ar
individual’s configurational knowledge sc
that a complete picture can be formed.

A good example of a study that adopt:
such a multiple, mutually supportive
approach is Passini et al. (1990). In thi:
study, respondents learned a complex maze
and then took eight different tests to allow
an assessment of their acquired knowledge
These tests included inverting a route, com-
bining routes, learning models and ther
executing behavior, making shortcuts anc
mental rotations, and building models of
layouts. By using eight tests, Passini et al
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(1990) acquired a clear picture of respon-
dents cognitive map knowledge that con-
firmed two conclusions drawn from an ear-
lier study: 1) blind individuals do under-
stand the geometric characteristics of a set-
ting to an extent that is comparable to
sighted individuals' understanding (Passini
& Proulx, 1988) and 2) any differences are
due to distant cues and visua reference
points that are not accessible to blind
individuals.

Additionaly, with regard to weak
methodological convergence, most studies
to date have assumed that the methods used
to elicit knowledge would be reliable. A
reliable test is atest that consistently élicits
the same response from an individual,
despite nuances in the individual’s knowl-
edge or character. Blades (1990), in a
unique study, tested the reliability of sketch
mapping data by testing respondents
knowledge on two occasions one week
apart. He concluded that sketch mapping is
a consistent measure over a short period of
time. However, Walmsley, Saarinen, and
McCabe (1990) argued that because sketch
mapping is a reactive technique and the
drawing of an area affects subsequent draw-
ings of that same area, it is difficult to
assess replicability. Siegel and Cousins
(1985) further argued that if differences do
occur,” it might not be surprising because
participants' responses are re-representa-
tions that are two levels removed from the
actual environments (environments — cog-
nitive map knowledge of environment —
test result). Consistent data, and hence the
same conclusions, need to be produced by
these tests in order to have confidence in
their utility.

Currently, many studies of visually
impaired persons cognitive map knowl-
edge have very small sample sizes. Thisis

problematic because as sample size
decreases, it becomes increasingly more
difficult to draw generalizations concerning
the knowledge and ability of other visualy
impaired persons. For example, Bigelow
(1991) only had two blind respondents, two
visually impaired respondents, and eight
sighted respondents. How valid is it to com-
pare groups when the- sample sizes are so
small, let alone to draw conclusions about
gpatial development? Haber et al. (1993)
used only seven respondents in two groups
(blind and sighted, familiar) and six in
another (sighted, unfamiliar); Bryne and
Salter (1983) used only eight blind and
eight - sighted respondents; Rieser, Guth,
and Hill (1986) used only six blind respon-
dents (familiar) and six blind respondents
(unfamiliar) in one study and six early-
blind, six late-blind, and six sighted respon-
dentsin a second study; Hollins and Kelley
(1988) used only six blind respondents and
six sighted respondents in their four exper-
iments. It is acknowledged that recruiting
respondents remains a difficult task, but
every effort should be made to achieve
workable sample sizes from which more
valid conclusions can be drawn.

There is another issue that relates to the
scale of the environments used by
researchers as test areas. Currently, most
studies of visually impaired persons spatia
and wayfinding abilities concern micro-
scale environments. For example, Hollins
and Kelly (1988) and Juurmaa and
Lehtinen-Railo (1994) studied how visualy
impaired persons learn limited layouts of
objects, and Passini et a. (1990) studied
these individuals' learning in small, spe-
cially constructed spaces ° suitable for
people to walk through. A few researchers
have tested blind persons’ wayfinding per-
formance in real environments, but most
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have only asked individuals to walk a short
route with one or two choice points (Dodds
et a., 1982; Herman et al., 1983; Leonard
& Newman, 1967). Only rarely has blind
persons cognitive map knowledge been
tested in complex environments. Passini
and Proulx (1988) examined blind adults

ability to find their way through an unfa-
miliar university building. Small spaces,
short routes, and corridors of buildings are
only a subset of the environments experi-
enced by blind persons, and it is difficult to
extrapolate from performance in such
spaces to performance in everyday environ-
ments. Wayfinding in large-scale rea-world
spaces is different from wayfinding in lim-
ited areas. On the one hand, there are more
sources of information (such as sounds,
smells, and wind direction) for route-
finding in real-world spaces; on the other
hand, there are distractions and complica-
tions resulting from the presence of obsta-
cles and other people and the possibility of
unexpected changes and diversions along
the route (Blades et al., in press). Thereis a
real need to assess cognitive mapping
knowledge and ability in environments that
persons who are blind or visually impaired
actually experience on adaily basis.

Conclusion

Vaid measurement of cognitive map
knowledge has many implications relating
to urban planning, education, and naviga-
tion aids. In particular, a a time when many
navigation and mobility aids are being
developed, it is vital that their utility in
' improving wayfmding and orientation can
be assessed.

Although a diverse number of method-
ologies for assessing the cognitive map
knowledge of persons who are blind or

visually impaired have been produced,
those techniques and their results need to be
used cautiously. All of the tests introduce
some form of methodologica bias because
they provide the respondent with different
amounts of given spatial information and
vary in the amount of information that
respondents request. These variations affect
how well respondents perform on a test,
both in comparison to their peers and to
abstractions of the real world (maps). The
reliability of these tests is also unknown,
although parallels to other psychological
tests suggest that they should be consistent
in nature (Anatasti, 1990; Cronbach, 1990).
To i&prove the utility and validity of these
tests, researchers should use multiple.
mutually supportive tests in order to builc
up a complete picture of a respondent’5
knowledge. Each of these technique:
should be rigorously tested for reliability
prior to a study. It is essential that larger
sample sizes, with a minimum of 1(
respondents in each group, be used to try
and establish a basis for generaizations
Furthermore, research should start to asses;
the knowledge and abilities within comple:
real-world environments that everyone
inhabits, rather than inferring that result:
from the laboratory will exist in natural set
tings. These tests could provide an opportu
nity to study a wide range of questions con
cerning how persons with visual impair
ment or blindness understand and compre
hend the world around them. They als
could reveal important implications con
ceming planning and education. Ever
effort should be made to successfull:
implement them in order to increase th
validity of research findings.
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