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ABSTRACT: This article reports on an exploratory investigation of the different ways in
which people think about geographical space and formulate answers to cognitive
mapping tasks. To try to discover the strategies of spatial thought used in completing a
task, designed to measure configurational knowledge (knowledge of the associations
between and relative locations of places), individuals were interviewed while they
undertook two of four different tests. This was followed by a debriefing interview where
respondents could express their feelings and judgments conceming each test. Such an
introspective methodology, although being difficult from which to draw any definitive
conclusions, does allow an insight into the strategies used in spatial thought and can
provide useful information conceming how traditional cognitive mapping research
should develop. Many strategies of spatial thought were found to exist. These can be
divided into common strategies that concern geographical knowledge (e.g., imagining
a map), common task strategies that are general problem-solving strategies usable over
several tests (e.g., elimination to narrow choices), and task-specific strategies constrained
by the nature of a particular task (e.g., working out distance and direction between A and
B, B and C to determine A to C). In addition, by comparing quantitative results with the
qualitative interviews it was possible to examine whether the adoption of certain strategies
led to more accurate spatial products (externalized representation of knowledge).

Since Lynch’s (1960) seminal work, researchers, predomi-
nantly from geography, planning, and psychology, have been
attempting to comprehend cognitive map knowledge and abili-
ties (see edited collections by Downs & Stea, 1973a; Garling &

AUTHOR’S NOTE: | would like to thank Mark Blades and Dan Montello for comments
on an earlier draft of this article, the two anonymous reviewers for helpful and sound
advice and the 1994-1995 geography intake at the University of Wales—Swansea for
volunteering to take part in the experiment for no reimbursement. Address correspon-
dence and reprint requests to Robert M. Kitchin, School of Geosciences, Queen's
University of Belfast, UK BT7 1NN, telephone +441 232 273368, fax +441 232 321280,
E-mail rkitchin@qub.ac.uk.

ENVIRONMENT AND BEHAVIOR, Vol. 29 No. 1, January 1997 123-156
© 1997 Sage Publications, Inc.

123

Downloaded from eab.sagepub.com at University of Manchester Library on July 26, 2016

from the SAGE Socia Science Collections. All Rights Reserved.


http://eab.sagepub.com/

124 ENVIRONMENT AND BEHAVIOR / January 1997

Evans, 1991; Gérling & Golledge, 1993; Mark & Frank, 1991;
Moore & Golledge, 1976; Portugali, in press). Research centers
on how individuals acquire, store, recall, and decode spatial and
environmental information (Downs & Stea, 1973b). Kitchin
(1994a) reported that cognitive mapping research has theoreti-
cal utility in understanding spatial decision making, in particular
with reference to wayfinding ability, migration choices, con-
sumer behavior, and recreation decisions. In addition, cognitive
maps can be of use as spatial mnemonics, for interpreting texts
that describe places (Tuan, 1975), and provide information
about people’s attitudes toward different places (Saarinen,
1973). Cognitive mapping research has applied utility in plan-
ning and education. Information concerning how people think
about and behave in different environments can be used to
design environments that facilitate easier use and are more
enjoyable to live in and travel through (Lynch, 1976). This has
particular relevance to groups who take little active participation
in the planning process, such as the disabled, the elderly, and
children (Spencer, Blades, & Morsley, 1989). In addition, if we
can understand how individuals think about geographical con-
cepts, including the everyday geographic environment and
geographic materials such as maps, it may be possible to
devise more effective teaching strategies to convey this infor-
mation (Catling, 1978; Spencer & Blades, 1993). Alternatively,
it may be possible to design geographic information providers,
such as maps and aerial images, that are easier to understand
(Edwards, 1991; Thorndyke & Hayes-Roth, 1982).

Many different techniques have been used to elicit spatial
products (externalized representation of a respondent’s knowl-
edge). For example, respondents may be asked to draw a
sketch map of an area (Blades, 1990), locate points on a base
map (Buttenfield, 1986), estimate the distance (Day, 1976) or
direction (Kirasic, Allen, & Siegel, 1984) to a series of other
locations, recognize features on an aerial photograph
(Matthews, 1984), retrace their path along a route (Passini &
Proulx, 1988), verbally describe a route or an area (Vanetti &
Allen, 1988), or build a scale model that represents an area
(Hart, 1979). It is apparent that although groups of individuals
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share common knowledge, there are individual idiosyncratic
differences in spatial products (Lloyd, 1989). However, we are
unsure as to whether individual differences are the result of
differences in knowledge, the ability to cope with the task set or
cognitive strategies of thought. Foley and Cohen (1984) argued
that cognitive mapping abilities differ between individuals be-
cause of qualitatively different encodings and representations.
Individuals thus use different types of strategies to encode and
decode their knowledge and, as a result, differ in their answers
to cognitive mapping tasks. They suggested that different
strategies of thought or decoding will lead to radically different
results, even when the knowledge base is identical. Miller
(1985) similarly argued that individuals differ in their cognitive
styles of thought.

In addition, several studies have noted that different tests
produce varying results (Bryant, 1984; Cadwallader, 1979;
Howard, Chase, & Rothman, 1973; Magana, Evans, & Romney,
1981; Matthews, 1984; Montello, 1991) and yet the specific
reasons for these variances are unknown. However, there has
not been an attempt to discover the strategies of thought used
in performing tasks designed to measure aspects of cognitive
map knowledge; how many strategies are used; the relation-
ships between different strategies of thought; and if different
strategies of thought lead to different results within and across
tests. These are important questions that raise issues relating
to validity and integrity (Kitchin, in press). In this article, these
questions are preliminarily examined and some of the results
from an exploratory phenomenological investigation of spatial
thought are reported. Spatial thought is a term first used by
Liben (1981) to describe strategies used to complete cognitive
mapping tasks. The study focuses on the strategies of spatial
thought used to complete tasks designed to measure configu-
rational knowledge.

Traditionally, cognitive map knowledge has been divided into
a series of three knowledge structures through which an indi-
vidual progresses. Liben (1981) described declarative knowl-
edge as the mental database of specific spatial features.
Declarative knowledge is generally regarded as landmark
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knowledge, although it can include linear features, such as
roads, or areal features, such as parks (Golledge, 1993). Pro-
cedural knowledge consists of the rules used to synthesize
declarative knowledge into information that can be used to
facilitate an action. For the purpose of cognitive mapping, these
rules are essentially wayfinding knowledge that direct move-
ment between places, an example of which would be the
transformation of path elements into a navigable route (Thorn-
dyke, 1983). This transformation, however, does not include the
ability to make inferences about routes never experienced.
Configurational knowledge incorporates information, such as
angles, directions, orientation, location, and distance apart of
places (Golledge, Gale, & Richardson, 1987), so the possessor
has knowledge of the associations between, and the relative
positions of, places; these form a comprehensive spatial knowl-
edge system (Golledge, 1992).

METHODOLOGY

BACKGROUND

The study aimed to use a qualitative methodology to deter-
mine how people completed the cognitive mapping tests, by
observing the participants while they completed the tests and
asking them questions relating to how they were trying to
complete the task. Such an approach is described as pheno-
menological as it focuses on the relationship between the
respondents of the study (undergraduates) and the object of
the research (their spatial thought) (Gerber & Kwan, 1994).
Phenomenology “requires us to reflect on our own conscious-
ness of things and on our own experience [to] come to a deeper
understanding of ourselves” (Jackson & Smith, 1984, p. 27). In
the context of this article, respondents were required to reflec-
tively analyze their thoughts and experiences while undertaking
a particular task that was to be analyzed empirically. In a sense,
the construct validity (whether the test was measuring what it
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is supposed to without introducing bias; Coolican, 1990) of the
tests was being examined.

A phenomenological approach has three principal advan-
tages, allowing the investigator to learn about and gauge the
extent of the respondent’s configurational knowledge; to under-
stand how the respondent is attempting to complete the task;
and to attempt to discover the form and structure of respon-
dents’ knowledge. Gerber and Kwan (1994) in a unique study
examined how 12-year-old adolescents learned a neighbor-
hood using a map by adopting a phenomenological approach.
However, phenomenological work concerning how respon-
dents perform and think on spatially based tasks remains rare,
although a little research has used verbal estimates or descrip-
tions to understand cognitive map knowledge. For example,
Taylor and Tversky (1992) asked their respondents to describe
their cognitive maps verbally to try to discover the hierarchy or
anchors of such knowledge. Places that were mentioned either
first, or more frequently, were assumed to have more signifi-
cance, acting as anchors for other knowledge. Vanetti and Alien
(1988) compared the production and comprehension of route
directions between four groups of respondents who differed in
their verbal and spatial ability. No differences were found be-
tween the groups in regard to the respondents’ abilities to
comprehend the routes directions. However, spatial ability was
found to be important in the production of efficient route direc-
tions and verbal ability tended to conform the communication
of route knowledge to certain linguistic conventions based on
the number of descriptors and delimiters.

Landau and Jackendoff (1993, p. 217) have argued that any
“aspect of space that can be expressed as language must also
be present in non-linguistic spatial representations. Simply put,
whatever we can talk about we can also represent.” The argu-
ment forwarded here is that to an (unknown) extent what we
can represent we can verbally describe: there is a correspon-
dence between talking about spatial representations and think-
ing about them. As such, verbal abilities can be used to
effectively communicate spatial knowledge and ability (Vanetti &
Allen, 1988). Some have argued that verbal reporting of cogni-
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tive processing needs to be treated with care, suggesting that
although individuals have direct access to their knowledge,
such control does not exist for their mental processes (Nesbitt &
Wilson, 1977). However, Ericsson and Simon (1980, p. 247),
on the basis of an extensive literature review, argued that verbal
reports are “a valuable and thoroughly reliable source of infor-
mation about cognitive processes” when elicited with care and
interpreted within the context they were collected.

RESPONDENTS

The respondents for the investigation consisted of 40, volun-
teer, first-year geography undergraduates resident at the Uni-
versity of Wales Swansea. The respondents were recruited
from geography practical classes. All had been resident in
Swansea for approximately one term (9-10 weeks) and were
aged between 18 and 29. None of the respondents were told
about the nature of the experiment that they had volunteered to
undertake and had not been taught concepts relating to cogni-
tive mapping. All had similar geographic training and access to
maps and geographic details of the Swansea area. As part of
their first-year practical packs, each had received an Ordnance
Survey Landranger (1:50000) map of the Swansea and Gower
area. The practicals for the first term had provided them with
map design skills, taught them how to understand maps, and
had given them a broad knowledge of the South Wales area;
practicals tended to be at the West Glamorgan (county) and
South Wales scale rather than the Swansea (city) scale. All had
been on a department geohistoric tour of the city and its
surrounding area in the second week of arrival. It is noted that
these respondents had access to information and skills not
normally available to most students.

THE TESTS

Respondents were divided into two groups of 10 females and
10 males, who each completed two of four tests designed to
measure their configurational knowledge of the Swansea area.
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The first group completed a sketch map and a cloze procedure
test (Figure 1). Sketch mapping, despite well-documented
faults relating to scaling and graphicacy (see Blades, 1990),
remains a popular method of collecting configurational knowl-
edge. There are five basic variations (Kitchin, 1995). The basic
sketch map technique is designed to obtain from the sketch
mapper a freely drawn and solicited sketch map that has been
minimally defined by the researcher (e.g., Jacobson, 1992). The
respondent is given a blank piece of paper and asked to map
a given environment. The normal sketch mapping technique
imposes more constraints on the respondent than the basic
approach (e.g., Saarinen, MacCabe, & Morehouse, 1988). The
researcher is often interested in more specific features and will
word the instructions appropriately to obtain the required data.
In cued sketch mapping data collection, the respondent is given
a portion of the map and asked to complete specific features
(e.g., Pearce, 1981). The longitudinal sketch map 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 (e.g.,
Humphreys, 1990). Wood and Beck (1976) and Beck and Wood
(1976) have argued that teaching respondents a sketch map
language produces maps that are not compromised by graphic
ability or a lack of mapping knowledge. They developed a
sketch map language called “Environmental A” for use by
school children. The sketch map test used in the present study
is of a normal design. The cloze procedure test is a spatial
completion test. Traditionally, the respondent fills in the missing
space, and an aspatial example would be, “A dog barks but a
cow ?” Robinson (1974) and Boyle and Robinson (1979)
extended this exercise spatially. Abase map is covered in a grid,
and the information contained in some of the squares is deleted.
Respondents are then asked to identify particular elements in
these blank squares with the aid of contextual information
retained in the remaining open squares.
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Sketch map test: Draw a map of Swansea inside
the box. Include any places or landmarks that
you think you know the location of.

d—l Cloze procedure test: Write in the blank boxes
the number of the place or landmark from the
fifteen listed below that has been removed

O (a list was provided to each respondent).
O
(]
0

Figure 1: The Sketch Map and Cloze Procedure Tests

The second group completed a projective convergence and
an orientation specification test (Figure 2). The projective con-
vergence (or resection) method uses distance and direction
estimates to work out the coordinates of locations. Typically,
respondents estimate the distance and direction to unseen
places from three or more locations. The resulting vectors can
be drawn and where the lines end a triangle of error can be
drawn whose mean center is taken as the cognitive location of
a place (Figure 3B). Hardwick, Mcintyre, and Pick (1976) origi-
nally developed the method in a study where respondents first
familiarized themselves with four locations within a library.
Screens were then erected and respondents asked to estimate
the direction by pointing a sighting tube in the direction of the
four unseen locations. By calculating where the lines inter-

Downloaded from eab.sagepub.com at University of Manchester Library on July 26, 2016


http://eab.sagepub.com/

Kitchin / EXPLORING SPATIAL THOUGHT 131

1. Singleton Hospital to Swansea Railway Station.

Projective convergence test: The centre of the
compass represents the first place. Mark with
a line the directionto the second place. The
length of the line will represent the distance
from the first to the second place where the
compass radius is equal to the striaght line
distance between Mumbles Pier and Morriston
Hospital which is 8.1 miles.

1. [A SH[B C «_ D
-,J . we . [ . SRS ‘T]sgs ﬁ Orientation specification test:
MP SH|SH MP Complete the booklet detailing
SRS |SRS ° . MP * SH which box containsthe correctly
EJ’ s r IFJ SRS SR S orientated configuration.
¢ . MP SH SH
* SRS sH' * SRS| wmp. MP Mumbles pier
L SH Singleton hospital
Square__________ is the correct orientation. SRS Swansea rail station

Figure 2: The Projective Convergence and Orientation Specification Tests

sected, the triangle of error could be found and a cognitive
location could be calculated (Figure 3A). Kirasic, Siegel, and
Allen (1981) first used the distance/direction method (Figure 3B)
to study 48 students’ memory of locations on a university
campus, using a direct magnitude method for eliciting dis-
tances. In a second experiment (Kirasic et al., 1984), they
devised a method whereby distance and direction were re-
corded simultaneously with respondents drawing a line that
represented both. Orientation specification is a form of recog-
nition test. Recognition methods collect configurational knowl-
edge data by providing the respondents with a representation
of an environment and asking them to correctly identify features
and configurations. For example, Evans, Fellows, Zorn, and
Doty (1980) asked respondents to identify four out of eight floor
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A. Hardwick et al. (1976)

B Location estimated from

P> Centre (cognitive location)
@ Estimated cogpitive location
—— Perimeter
[ Fuzziness error

D Direction estimated

B. Kirasic et al. (1981)

B Location estimated from
P> Centre (cognitive location)
@ Estimated cognitive location
—— Perimeter
[ Fuzziness error
D+D Distance and direction estimated

Figure 3: Two Methods of Projective Convergence Resection

plans they had just walked through. Evans and Pedzek (1980)
gave respondents a set of triad configurations, half of which had
the correct configuration and half an incorrect configuration.
These configurations were either nonrotated or rotated by 60,
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120, or 180 degrees. Respondents were shown the triads one
at a time and asked to say which configuration had the places
corrected located relative to each other, despite the rotation,
and the reaction times were noted.

These four tests were chosen because they differ in nature—
all requiring the respondents to complete tasks that varied in
the information provided and the information requested, but
which have all been used in the past to measure configurational
knowledge. All respondents completed the tests while facing
north in a room where only the front of the building opposite was
visible through the window. Respondents completed the tests
while undertaking semi-think-aloud protocol interviews. Think-
aloud protocols were developed by Newell and Simon (1972)
and consist of the respondents describing their actions or
thoughts while performing a task; it is literally a running com-
mentary. It aims to discover the knowledge and cognitive proc-
esses used in problem solving, but it is not without criticisms.
First, although respondents are meant to be giving a description
of their experience while thinking, they often fall into the habit
of just giving expression to their thoughts. This gives information
that is independent of, or irrelevant to, the actual mechanisms
of problem solving. A second criticism concerns an “incomplete
argument,” whereby respondents fail to verbalize and track the
actual path of activity. Third, verbal reports may be reporting an
activity that is taking place in parallel with, but independently of,
the actual thought processes providing no reliable information
about the required cognitive processes. Last, verbalization
could alter thought processes and invalidate the results.

To try to reduce these problems (and a further problem noted
in a pilot study that respondents found it difficult to talk and
perform the task at the same time), a semi-think-aloud/self-
report protocol procedure was adopted whereby respondents
were encouraged to perform a think-aloud protocol, but were
also asked questions while performing the tasks, requiring them
to describe their thoughts and actions. The respondents re-
ceived prompts for information if they fell silent for more than
10 seconds. The prompts were open-ended and designed not
to aid task completion, being more general primers such as
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TABLE 1
Strategy Structural Frames and Codes for Table 2 and Table 3
Code Description
Common strategies

C1 Imagining or constructing various types of maps.
C2 Referring to the coastline.
C3 Imagining the route or traveling between two locations.
C4 Using travel time to work out the separation between locations.
C5 Imagining standing at a location and “looking” in the direction of another location.
C6 Imagining looking down vertically or obliquely.
C7 Working out where places are in relation to the current location.
C8 Just know—propositional coding.
Common task strategies
CT1 Elimination.
CT2 Logical deduction.
CT3 Draw a map.
CT4 Where the sun sets.
CT5 Look back at former answers.
Task-specific strategies
Cloze procedure
T1 Look at square, decide what is located there and check to see if on list.
T2 Look at list to see if recognize any, then go to the map to see if a square
is free where you think it is.
T3 Swap strategy.
Projective convergence
T4 Work out the direction between two locations by working out the direction
from each place to a third place (e.g., for Ato B work out direction from
Ato C, and then C to B).
T5 Imagine flying as a crow would between two locations.
T6 Instead of working out the route from A to B, work out B to A.
T7 Draw a route map across the projective convergence circle.
T8 Imagining a map directly in front of yourself and lining a pencil up between
the two locations and moving the pencil down across the circle.
Orientation specification
T9 Work out how it should look like then scan all the squares for one that fits.
T10 Work out how it should look like then work systematically through the squares
until one fits, choose that and ignore the rest of the squares.
T11 Draw the coastiine onto the configurations.
Quantitative results
P Number of paths.
E  Number of edges.
D  Number of districts.
N Number of nodes.
L Number of landmark.
CZ Cloze procedure completion score.
PR Projective convergence bidimensional regression # value.
OS Orientation specification completion score.
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TABLE 1 (Continued)

Code Description
Table codes
s  Sketch map
¢ Cloze procedure
p  Projective convergence
o  Orientation specification
x  Category response best fits into.
$  Swapped strategy only when completed stuck using original strategy.

“what are you doing/thinking now?” The respondents were told
that they were to complete the two tests while articulating their
thoughts and actions and that they would also be asked ques-
tions such as “how do you know that place is there?” They were
given no details about how to complete the tests with specific
instructions omitted, for example, “you may look back at pre-
vious answers.” The interviewer also gained evidence by watch-
ing the respondents’ reactions. This was immediately followed
by a semistructured debriefing interview that aimed to validate
the protocol analysis, and to allow further discovery concerning
the nature of the tests. Respondents were asked questions
relating to which tests they preferred, found the easiest, best
represented their knowledge and why, and to recommend al-
ternative data collection methods that may have been more
successful in eliciting their configurational knowledge of the
Swansea area.

ANALYSIS

The interviews were taped and analyzed first through direct
transcription and then using a series of structural frames that
acted as a set of filters. Structural frames are categorizers
defined by the information provided by the respondents. Each
new frame was constructed by the author, so that each new
strategy articulated by the respondents became the basis of a
new frame. Table 1 details the structural frames identified and
the codes for Table 2 and Table 3. Three sets of frames were
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discovered. Common strategies of spatial thought are general
strategies of accessing and manipulating cognitive map knowl-
edge to complete the task set (e.g., imagining a seen map to
complete a task). Common task strategies are general problem-
solving strategies relating to specific problems incurred when
attempting a task that are applicable in a number of situations
(e.g., using an elimination strategy to narrow choices). Task-
specific strategies are problem-solving strategies specific to just
one test and are used to overcome unique circumstances (e.g.,
working out the distance and direction between places Aand B,
and B and C to obtain A to C). Table 2 and Table 3 display the
structural frames (each strategy) used by each individual (each
row) on each of the two tests they completed plus the quantita-
tive results for each test. The female respondents are identified
by an F* identifier (e.g., F1) and the males by an M* identifier
(e.g., M1). It must be noted that strategies indicated in the tables
are only those articulated by the respondents and that some
respondents might have been using strategies that have not
been recorded. This is almost certainly the case and it was
noted during the interviews that some participants were clearly
using other strategies that they were then failing to articulate to
the interviewer. As a result, the findings presented in this article
only represent the information as transcribed. Nonetheless, the
findings are of worth as they allow an insight into the strategies
used in spatial thought and their effectiveness.

All four tests were also analyzed using traditional quantitative
techniques, so that the relationship between externalized
knowledge and the reported strategies of spatial thought could
be examined. The sketch map data were analyzed using
Lynch’s (1960) content analysis (Table 4), with each map’s
elements tallied into the appropriate category. The cloze proce-
dure test was analyzed by constructing a completion score that
represented how well an individual did in assigning the places
to the boxes. A score of 100 means all of the boxes had correct
locations assigned to them, and a value of O that all of the boxes
had an incorrect place assigned to them. The projective con-
vergence test (Kirasic et al., 1984) was analyzed by converting
the distance and direction estimates into a set of coordinates
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using a resection methodology (Figure 3B). These coordinates
were then bidimensionally regressed onto the real world coor-
dinates using the CMAP package (Kitchin, 1994b). Bidimen-
sional regression (Tobler, 1965, 1976) is a two-dimensional
equivalent of ordinary least squares linear regression and al-
lows two sets of coordinates to be quantitatively compared with
the r? value denoting the amount of association. The orientation
specification test was analyzed by constructing a completion
score representing the number of configurations correctly iden-
tified. The completion score ranges between 0 and 100, with a
value of 0 indicating that the respondent had not correctly
identified any configuration and a value of 100 indicating that
all the configurations had been correctly identified.

RESULTS AND DISCUSSION

EXPLORING COMMON STRATEGIES OF SPATIAL THOUGHT

Common strategies of spatial thought refer to ways of think-
ing that could be applied to most cognitive mapping tests, and
are not constrained by the specific task demands of a particular
test. Eight such strategies of thought were encountered in
conducting the semi-think-aloud protocols that varied greatly in
their popularity. One of the most popular strategies employed
by individuals to attempt the tasks was to use map imagery. This
typically took one of two forms. First, some respondents tried to
remember a map that they had seen, typically an ordnance
survey map, in its entirety. It seems that they had stored this
map as a complete image or as component images that they
then reconstructed to perform the task. Second, some tried to
construct maps that contained a minimal structure or only
contained features necessary to complete the task. It was
implied and sometimes explicitly stated that these maps were
constructed for the purpose of the task. Some respondents
claimed that they swapped between their constructed minimal
map and remembering an ordnance-survey-based map on
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TABLE 4
Lynch’s (1960) Content Classification
Category Verbal Description
Paths Paths are the channels along which sketch mapper moves. They may
iinclude streets, walkways, railways.
Edges Edges are the linear elements not considered as paths by the sketch

mapper. They are the boundaries between two phases, linear breaks in
continuity such as shores or walls.

Districts Districts are the medium-to-large scale sections to the city, conceived as
having a two-dimensional extent, which the observer mentally enters
inside of, and which have some common identifiable character.

Nodes Nodes are points, the strategic spots in the city into which an observer
can enter, and which are the intensive foci to and from which he is
traveling. They may be primarily junctions, places of a break in
transportation, a crossing or convergence of paths.

Landmark Landmarks are another type of point-reference, but in this case the
observer does not enter within them, they are external. They are usually
a rather simply defined physical object: building, sign, store or mountain.

questions that they found more difficult to answer, but in other
cases the constructed map would be a combination of remem-
bered and constructed map, intertwining elements from both.
For example, respondent M8 could remember the road network
from his road atlas and into this he would add locations that he
had visited. There were, however, some problems encountered
by respondents attempting to use a mapping strategy. Some
found that they could not successfully build a map because of
incomplete knowledge. Respondent F20 was conscious that
her own constructed map was not in fact aligned along a
north-south axis and as a result she was having to rotate her
answers to fit the options provided in the orientation exercise.
However, she found such a rotation mentally difficult and as a
result struggled to complete the test.

Throughout the interviews, it became clear that the coastline
is the dominant anchor for residents in Swansea. This anchor
is so dominant in fact that some respondents, when explaining
how they had completed tasks, suggested that they had worked
out locations solely in relation to the coastline. Their base maps
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were so minimal that this was the only feature it contained and
the responses were plotted in relation to it before being trans-
posed onto the spatial product. This strategy was used to some
extent across all of the tests, but the coastline’s salience was
best illustrated by respondents completing the orientation test.
Two respondents completed this task by drawing the coastline
onto the configurations to see which was correct, using this cue
to check their answers. Others claimed to mentally draw such
a line over the configurations.

Another of the most popular strategies of spatial thought is
imagining traveling along a route. Typically, respondents ex-
pressed the notion of imagining a journey between the two
places. This expression took two different forms. Most respon-
dents declared a route strategy best described as a replaying
of a route traveled. Instead of imagining a journey between two
locations, some respondents constructed a minimal map that
only contained the route between two places. In the main, these
types of route maps were created not by remembering a map
but by constructing them, converting route knowledge into
configurational knowledge. Respondents would imagine travel-
ing along a route and then simultaneously transpose this knowl-
edge onto a mental base map of the area that would then be
used to answer the question. One respondent, F1, explained
that she used the two methods of traveling a route and using a
map strategy to validate the results from one with the other to
provide a composite answer. Like the map strategy, some
respondents experienced difficulty using the route strategy.
Respondent F1 used this combination strategy because she did
not possess enough map knowledge for a particular question.
Equally, she found the route strategy alone too taxing. The route
traveling strategy proved to be a popular choice because it
closely corresponds to the real-world interaction that the re-
spondents undertake. It was not reliant on memorizing details
from a map or an abstract concept of thought, but on information
actually experienced at first hand.

A few respondents used their knowledge of travel times to
work out the separation or distance between places. This was
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exclusively based on firsthand walking or cycling experience,
where the amount of time taken to traverse between the two
places was mentally converted into distances using an individ-
ual conversion standard. For example, one might convert half
an hour’s walk into 2 miles; someone else into 1-1/2 miles.
Approximately a third of all respondents used the strategy of
imagining being at a location and looking in the direction of
another location, at some point during one of the tests. Typically,
respondents would describe standing at a location, in this case
mostly Mumbles Pier, and looking across the space in front of
them to judge either distances, directions, or where two places
were in relation to each other. The strategy is fairly limited in
that it needs an area that allows viewing of such panoramas,
but proved to be an effective strategy for judging the spatial
relationships of places located along the coastline. Some re-
spondents constructed answers using abstract strategies that
were based on an amalgamation of real-life route knowledge
and that gleamed from a map, so that they tried to solve the
task using a strategy never experienced. One of the ways they
attempted this was imagining looking down onto Swansea as if
they had a bird’s-eye view from either vertically above or at an
oblique angle.

One respondent worked out the positions of other locations
solely in relation to where he was currently located. So, for
example, a respondent might work out where Mumbles Pier is
by thinking “if | am here then it must be over there.” Although
only one respondent used this strategy, it is one that could be
potentially used on all of the tests. Respondent M17 was
unusual in that he only used this strategy on both of the tests
he performed. As a consequence of this egocentric knowledge,
respondent M17 had to orient the test to the direction he thought
north was. This was at 90 degrees to its true direction and so
he had to rotate the test 90 degrees to the right to be able to
attempt the tasks. Even when rotated, he had so much difficulty
with the orientation specification test that it was eventually
abandoned. Although respondent M17 had problems using this
strategy, it has the potential to be a successful strategy if a
bearing is known before the test starts. If the test is done when
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the respondent is disoriented, then it will inevitably lead to
results that do not reflect the respondents true knowledge.

A certain number of the respondents claimed to “just know”
the answer to a task. They did not need to employ any strategy
of thought because they automatically knew where certain
places were in relation to each other. Many implied some type
of propositional coding, whereby information was coded in the
form “along the sea front then in a bit” with respondents knowing
the directions and distances instinctively. Propositional state-
ments such as “near to” or “left of’ were common with no
references made to any imagery. It is difficult to validate this
strategy in that the respondents could in fact be describing the
answer resulting from another strategy. For example, respon-
dents may know that the hospital is next to the university
because they had just consulted a map image strategy. How-
ever, the definite impression given by respondents was one of
“ust knowing,” and some when asked whether they did just
know or whether they had used another strategy such as
thinking of a map most replied that they “just knew.” Proposi-
tional coding seems a plausible way of encoding configurational
knowledge, as long as the spatial relationships are encoded,
and other researchers such as Foos (1980) have found that
propositional data can be encoded and processed into cognitive
map knowledge.

TASK-SPECIFIC STRATEGIES OF SPATIAL THOUGHT

Task-specific strategies of spatial thought refer to strategies
that relate to solving the tests rather than the decoding of
information. They can be divided into two main categories. First,
common task strategies are those that can be applied across
different tests where certain tasks are similar or identical. Sec-
ond, specific task strategies refer to those strategies that are
unique to those tests. There were five basic common task
strategies encountered across the four tests that varied in
popularity. Each strategy was used on at least two of the tests.

The strategy of elimination was commonly employed on the
orientation specification test and once on the cloze procedure
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test. The orientation test, because it provided the solution and
just required the respondent to say which was the correct
configuration, allowed the easy adoption of the elimination
strategy. With this strategy, respondents could arrive at an
answer, not by first thinking of the answer and then looking for
the correct response, but rather by eliminating all of the configu-
rations they knew were incorrect to leave one answer or nar-
rowed choice. Typically, respondents employed this strategy
when they were not sure of the correct answer or could not find
an answer that matched their own thoughts. By eliminating all
of the answers they knew were definitely incorrect, they often
narrowed down the choice to two, or less commonly three,
remaining options. At this point, they would then change strat-
egy to try to eliminate the remaining square(s).

Some respondents, when faced with the problem of not
knowing where a place was, would use a system of logical
deduction, whereby they would use other information to obtain
a answer. For example, on the cloze procedure tests, most
respondents placed the Swansea-Cork ferry terminal in the
correct square, not because they knew where it was, but
because they knew it had to be on the coast. Similarly, Swansea
airport was often located on the outskirts of Swansea because
that seemed a sensible location for an airport to be sited given
the problems of noise pollution and the need for flat ground. On
the orientation test, some participants would determine the
answer on the basis of knowing where just one or two places
were sited. For example, if two of the locations were in the
correctlocation, they would assume that the third was there also
and choose that answer. The use of logical deduction was often
accompanied by the use of elimination.

Three of the respondents found drawing a map a good
strategy for trying to answer the projective convergence and
orientation tests. By externally expressing their knowledge, they
could then either directly transpose that knowledge onto an
answer sheet by visual perception for the projective conver-
gence or match their answer to the answers provided for the
orientation test rather than cognizing the information for each
section of the tests. Only one respondent used where the sun
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sets in determining the answers, although it has the potential to
be a successful strategy. Again, the same respondent, M20,
was the only respondent to look back at his previous answers
to aid the process of completing the current task. All of the other
respondents tried each part of the test independently without
referring back to their previous answers. M20 also came up with
the ingenious method of combining two answers. On two pre-
vious tasks, he had been asked to estimate the distance and
direction from Singleton Hospital to Swansea Rail Station and
Mumbles Pier. When asked to estimate the distance and direc-
tion to Mumbles Pier from Swansea Rail Station, he redrew the
two previous estimates as if Singleton Hospital was meant to
be the central point and then translated the two estimates until
Swansea Rail Station became the central point, thus ensuring
that his answer conformed exactly to the previous answers.
However, once he had done this, he changed his mind and
moved Mumbles Pier to a more westerly position without alter-
ing the previous answers; his preconceptions were overriding
his logic.

There were two main task-specific strategies adopted by
respondents completing the cloze procedure test. The first and
least popular was to look at the map provided, decide which
location could be sited in a particular square, and then go to the
list to see if that location was listed. The second, involved
scanning the list for places that were familiar and the location
known, and then look at the map to see if a blank square existed
in the site spatial thought had determined it was located. Most
respondents (80%) initially adopted the second strategy with
many swapping to the first strategy while completing the test. A
number of the males (50%), however, left the swapping of
strategy until the point where they became stuck or realized that
they had made a number of errors that needed altering. It seems
that they had adopted a strategy that they thought was success-
ful and as a result continued with that strategy until it failed. The
females, however, took much more notice of how their answers
were shaping and corrected their mistakes at a much earlier
stage by swapping strategies. The late swapping of tactics by
the males did not lead, however, to them underachieving in
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relation to the females (two-sample t test, t= 0.95, p = .36); it
seems that the fact that they did change and alter their answers
led to comparable results. Only three respondents did not alter
their strategy at all and these also gained results, once the
guesses were removed, comparable to those who did swap
strategy. From this it can be concluded that the choice of
task-specific strategy on the cloze procedure test had little effect
and did not lead to different results.

There were five projective convergence specific task strate-
gies but only the “via another location” proved to be popular.
Using this strategy, respondents would work out the distance
and direction to a location by mentally “going via” another
location. For example, they might work out the distance and
direction from A to B and B to C to determine A to C. This is
similar to the strategy used by respondent M20 when looking
back at previous answers. Here, however, the calculation was
carried out mentally and did notinvolve looking at past answers;
each particular task was completed independently. In particular,
two questions were tackled using this strategy. The distance
and direction from Swansea Rail Station to Mumbles Pier and
Swansea Rail Station to Hendrefoilan were both calculated via
the University or Singleton Hospital. These pairs were two of
the most separated places and it may be the case that respon-
dents were dividing them into more manageable chunks. Oth-
ers said that they used this strategy when they were not familiar
with the direct route between the two.

The other strategies used for the projective convergence test
were only used by single female individuals. Respondent F12
described the abstract strategy of flying as the crow flies be-
tween the two locations. F17 worked out some of the distances
and direction by imagining traveling between B to A rather than
A to B, a task she found easier. Respondent F19 drew a map
of the route across the circles of those she found difficult and
then connected up the end points. This was a tactic that seemed
to be used by many respondents who traced the route in the air
above the circle, but when asked about what they were doing
did not articulate about this gesturing. F20 imagined a map
directly in front of her, held her pencil up between the two
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locations on this imagery map, and then carefully lowered the
pencil to the paper to draw on the direction.

There were three basic task-specific strategies used on the
orientation test. Two worked on the principle that you decide
how the configuration should look and then try to find a square
that contained that configuration. They differed, however, in the
response to finding the correct configuration. Respondents
could then either scan the rest to see if they had made the right
choice or they could stop and choose that answer, ignoring the
rest. Only one respondent chose the second strategy, feeling
confident that he made the right choices. The third strategy
adopted by two of the respondents was to draw the coastline
onto the configurations to check that the answer they had
decided on was correct. It seems that they needed to physically
transpose their main spatial anchor to give the configurations
context.

THE RELATIONSHIP BETWEEN STRATEGY AND RESULTS

It is clear from the discussion so far that a range of common,
common task, and task-specific strategies of spatial thought
was adopted by respondents trying to complete the four cogni-
tive mapping tasks. However, from this analysis of the tran-
scripts, it is difficult to determine if there is a relationship
between the common strategies of spatial thought adopted and
the quantitative analysis. To determine if such a relationship
exists, a number of ANOVA tests were calculated. The ANOVA
tests indicated that the adoption of certain strategies of thought
did not lead to more accurate results on any of the tests (sketch
map test, f= 0.51, p = .726; cloze procedure test, f=0.04, p=
.987; projective convergence test, f=0.55, p=.791; orientation
specification test, f= 0.40, p = .804). In addition, the number of
strategies adopted by respondents do not differ across the
tests, that is, certain tests do not increase the likelihood of
adopting more strategies of thought (one-sample chi-square
test x2 = 2.97, p < .95). It is clear from the ANOVA tests that
respondents adopt a range of common strategies, but that
these strategies are equally likely to provide a solution to the
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TABLE 5
Investigating the Role of Strategy and Metacognition on the Sketch Map Test
N-Degree
N-Degree of Common
Places  Strategies Meta-

Respondents Located  (+ Other) Cl C2 C3 C4 C5 C6 C7 C8 cognition

M8 32 1 X +
F9 31 1 X +
F5 29 3 X X X =
M5 28 3 X X X -
F3 23 3 X X X -
F4 23 2 X X +
F7 21 1 X =
F2 18 2 X X =
M1 18 1 X =
M4 18 2 X X =
F1 17 2 X X =
F10 17 4 X X X X -
M2 17 1 X +
M6 17 2 X X -
M9 17 2 X X =
M3 16 1 X =
M10 14 1 X =
M7 14 2 X X =
F8 13 5 X X X X X -
F6 1 1 X -

NOTE: + Respondent thought he/she had a good knowledge of Swansea; = respondent thought
he/she had a reasonable knowledge of Swansea; — respondent thought he/she had a poor knowledge
of Swansea.

task set. These results must be treated with a certain amount
of caution because it is difficult to determine the relationship
between strategy and results as there are other factors that are
difficult to account for, such as the amount of underlying knowl-
edge. Also, several strategies may have been used that com-
pound each other and make the effects difficult to separate, or
respondents may have been using strategies that were not
communicated to the interviewer.

Indeed, the low Spearman’s rank correlations for Group 1
between the cloze procedure completion scores and the num-
ber of places located on Sketch Map 2 (r = —0.005) and for
Group 2 between the projective convergence and orientation
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TABLE 6
Investigating the Role of Strategy and Metacognition
on the Cloze Procedure Test

N-Degree
N-Degree of Common
Places  Strategies Meta-

Respondents Located  (+ Other) Cl C2 C3 C4 C5 C6 C7 C8 cognition

M2 100 1 X +
M1 86.67 1 X =
F1 80 3(1) X X X =
M10 73.33 1 X =
F3 66.67 1(2) X -
F10 66.67 4 X X X X

F5 60 2 X X =
F7 60 1 X =
F9 60 3 X X X +
M6 60 2 X X -
M7 60 1(1) X =
F4 53.33 1(1) X +
F8 53.33 3(1) X X X -
M3 53.33 1(1) X =
MS 53.33 2(1) X X -
M8 53.33 1 X +
M9 63.33 2 X X =
F2 40 2 X X =
M4 40 4(1) X X X X =
F6 20 1(1) X -

NOTE: + Respondent thought he/she had a good knowledge of Swansea; = respondent thought
he/she had a reasonable knowledge of Swansea; - respondent thought he/she had a poor knowledge
of Swansea.

specification results (r= 0.317) suggest that either the tasks are
measuring different knowledge bases, or the tests are introduc-
ing bias effects into the results through the tasks set. The
interviews tended to indicate that the same knowledge base is
being interrogated, so bias effects are the most likely explana-
tion, with these most probably introduced because of incom-
plete knowledge instituting large residuals. For example, on the
projective convergence test if the location of one place is not
known, say Hendrefoilan, then it will be very difficult for respon-
dents to estimate the distance and direction to and from Hen-
drefoilan. In fact, the respondents will be introducing large
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TABLE 7
Investigating the Role of Strategy and Metacognition
on the Projective Convergence Test

N-Degree
N-Degree of Common
Places  Strategies Meta-

Respondents Located  (+ Other) Ct C2 C3 C4 C5 C6 C7 C8 -cognition
F18 88.21 4 X X X X =
F17 86.37 4(1) X X X X +
F12 78.90 5(1) X X X X X +
F15 78.68 2 X X -
M13 76.79 2(1) X X =
F13 70.17 2(1) X X =
F16 68.83 1 X =
M20 66.30 5(2) X X X X X =
F20 63.66 3(1) X X X =
M18 63.62 3 X X X =
F14 62.99 1 X =
M16 62.20 4(1) X X X X =
F11 52.09 3(1) X X X =
M12 45.36 3(1) X X X +
M19 35.13 1 X -
F19 33.88 1(1) X =
M17 33.67 1 X

M14 21.24 2(2) X X =
M11 18.13 1 X =
M15 17.13 2(1) X X -

NOTE: + Respondent thought he/she had a good knowledge of Swansea; = respondent thought
he/she had a reasonable knowledge of Swansea; — respondent thought he/she had a poor knowledge
of Swansea.

residuals through guessing, essentially entering random data
into the analysis. These residuals might not be entered into the
orientation specification test because the respondent can still
work out the answer in relation to the two places he or she does
know; enough information is supplied for them to be able to
negotiate the problem of incomplete knowledge.

Table 5, Table 6, Table 7, and Table 8 also show the meta-
cognition of the respondents, and represents how well they
thought they knew the Swansea area. The plus (+) symbol is
used to represent respondents who thought they had a good
knowledge of Swansea; the equals (=) symbol is used to

Downloaded from eab.sagepub.com at University of Manchester Library on July 26, 2016


http://eab.sagepub.com/

Kitchin / EXPLORING SPATIAL THOUGHT 151

TABLE 8
Investigating the Role of Strategy and Metacognition
on the Orientation Specification Test

N-Degree
N-Degree of Common
Places  Strategies Meta-
Respondents Located  (+ Other) C1 C2 C3 C4 C5 C6 C7 C8 cognition
F11 95 2(2) X X =
F14 95 2(1) X X =
F18 95 2(3) X X =
M20 95 2(3) X X =
M16 90 2(1) X X =
Fi12 85 2(1) X X +
F17 85 3(1) X X X +
F20 85 22 X X =
M1 80 3(1) X X X =
M12 80 1(1) X +
F19 65 2(2) X X =
M13 65 1 X =
F15 60 2(2) X X -
F16 55 2(2) X =
M19 45 3(1) X X X -
F13 40 1(1) X -
M15 40 1 X -
Mi8 40 1(3) X =
M14 20 2() X X =

NOTE: + Respondent thought he/she had a good knowledge of Swansea; = respondent thought
he/she had a reasonable knowledge of Swansea; — respondent thought he/she had a poorknowledge
of Swansea.

represent a reasonable or okay knowledge; and the minus (-)
symbol is used to represent poor knowledge. ANOVA tests
indicated that the respondents’ metacognition did not lead to
more accurate results on any of the tests (sketch map test, f=
3.00, p=.077; cloze procedure test, f=0.73, p=.496; projective
convergence test, f= 1.56, p = .240; orientation specification
test, f = 3.30, p = .063). It seems that the respondents were
inaccurate in judging the quality of their knowledge and sug-
gests that confidence in ability has little relation to actual ability.
The reason for the lack of correspondence between metacog-
nition and ability is unknown and may be reliant on personality
factors.

Downloaded from eab.sagepub.com at University of Manchester Library on July 26, 2016


http://eab.sagepub.com/

152  ENVIRONMENT AND BEHAVIOR / January 1997

CONCLUSION

The purpose of the research reported in this article was to
conduct an exploratory, phenomenological examination of how
individuals think about the tasks set and arrive at solutions when
completing cognitive mapping exercises. The aims were to
discover the strategies adopted and how they differed, and to
explore whether the adoption of certain strategies led to better
(more accurate) results. It was noted that the results from this
study are tenuous and they cannot easily be validated because
there are alternative possibilities for outcomes. For example,
the relationship between the amount of knowledge and the
strategies of thought is not clear. It may be the case that using
different strategies of thought on the same knowledge base will
not cause any differences, but that different strategies are
associated with different amounts or form of knowledge, so that
differences occur because of knowledge not strategy. Also,
respondents could have been using strategies that they did not
report or could not fully articulate. The introspective methodol-
ogy is reliant on the assumption that the strategies of spatial
thought are available for conscious inspection. In addition, it
may well be the case that respondents used multiple strategies
to complete each task and the one articulated by the respondent
may or may not have been critical in generating the answer that
was given. It is also possible that the interviewing altered
strategies of thought or implemented the uptake of strategies
not commonly used.

The results do allow, however, an introspective insight into
the way in which we think about geographically based tasks. It
is clear that there is a range of common and task-specific
strategies that can be used to process cognitive map knowl-
edge while performing geographic or spatial tasks, and that
cognitive map knowledge is held in a variety of mediums. This
knowledge may be manipulated, transposed, and constructed
to aid the process of spatial thought. There is clearly room for
more research concerning the form and structure of cognitive
map knowledge and its relationship to the task demands of
spatial and geographic exercises. At present, data collection
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methods suffer from a number of construct (is the test measur-
ing what it is supposed to without introducing bias?) and con-
vergent validity (do different tests designed to measure the
same phenomena produce similar results?) problems (see
Montello, 1991). Unless these validities are strengthened, few
definitive conclusions can be drawn from cognitive mapping
research, leading to little utility in wayfinding, planning, educa-
tion, and map design. From such qualitative introspection, it is
hoped that more rigorous quantitative exercises can be de-
signed to explore the mental processes involved in spatial
thought, the relationships between strategy, knowledge, and
task, and the effectiveness of the tests for predicting spatial
behavior.
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