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sing Bidemensional Regression to analyse Cognitive Maps

Robert M. K_jtéhih, Teaching Assistant, Depattment of Geography

: "A_bst,mct
" 'Bidimensional regression is an analytical technique that allows the comparison of two sets

of paired coordinate points, determining whether they are spatially correlated. It is a useful

" technique in cognitive mapping because it can be used to measure the association between
where a subject thinks a place is and where that place is in reality. As such it determines
‘the degree of configurational knowledge (knowledge of the relative positions of places) a

"subject possesses, as displayed in the spatial products (external representations of their

everyday geographic knowledge, such as sketch maps) they provide in experiments.

Introduction _
Spatial cognition is defined by Hart & Moore (1973, p.248) as:

“...the knowledge and internal or cognitive tepresentation of the
structure, entities, and relations of space; in other words, the
internalized reflection and reconstruction of space in thought."

Environmental cognition on the other hand refers to:

“the awareness, impressions, information, images, and beliefs
that people have about environments...it implies not only that
individuals and groups have information and images about the
existence of these environments and of their constituent
clements, but also that-they have impressions about their
character, function, dynamics, and structural interrelatedness,
and that they imbue them with meaning, significance, and
mythical-symbolic properties” (Moore and Golledge, 1976,
p.xii).
Cognitive mapping is the marriage between spatial and environmental cognition,
and is essentially ‘place cognition’ as described by Hart and Conn (1991). Rather
than dealing exclusively with either the spatial aspect or the environmental aspect

of how we think about everyday environmental and geographic data, cognitive
mapping combines the relevant sections of the two. Downs and Stea (1973, p.7)

state that:
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"Cognitiw.a mapping is a process composed of a series of
psychological transformations by which an individual acquires
; td
Iston:isénreca;ls,ua:;d decodes information about the relative
ocations and attributes of the phenomena in his i
environment", P eerydey spatil

In a later work (1977, p.6) they further their definition by explaining that:

f it : :
Cognitive mapping is a process of doing, it is an activity- that
W€ engage in rather than an object we have, It is a way in

l\::::ch W€ come to grips with and comprehend the world around

;-A? f_uch, co:gpitive maps are not just a set of spatial mentaj Structures denoting

}; ez i:\.'(elg%(;s]tmzn; they contain attributive values and meanings, As Wood and-
» P-23) explain, the cognitive map ‘is not-inde : i

: 5 pendent of meaning, of

role, of function, of need, of end, and of ‘purpose’.  This distinction leads tog ’the

Scf)fmtwe maps then, are a series of knowledge structures which consist of
T;1 egreﬁt lewl'efjs of detail and integration {Golledge and - Timmermang 1990)
¢ Knowledge structures develop with age and educati ; .
. th agy tion, and by combinj
different knowledge structures and i ing cognitl wses reltine
nd information using cognitive pro i
‘ . Cesses relatin
tt;) perception, sto.rage, refrieval and reorganization that intcr;)ct with memor;%
'?’h l'l.lellltI."?S, a cogmm're map is formed for specific tasks (Golledge et al, 1985)
18, 1l interpreted literally, means there is no one cognitive map in mem’ory but.
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rather we construct them for specific events (Siegel, 1982; Book, 1989). In this
respect cognitive maps are dynamic.

It must also be recognised that cognitive maps are not independent of time and
space and that “since each environment exists in a time-space context, so too will
cognitions of those environments’ (Moore and Golledge, 1976, p.11). Insummary
then'the cognitive maps constructed from the knowledge store contain information
concerning spatial relations and environmental attributive data within a space-time
context, allowing the possessor to operate .within an environment, They are
‘complex, highly selective, abstract and generalised’ structures which are
‘incomplete, distorted, schemiatised, and augmented’ (Downs and Stea, 1973,

'p.18). -After all they are a ‘product of our experience, not of precise

measurement” (Kaplan, 1973a, p.276).

Configurational Knowledge

Researchers normally distinguish three main types of cognitive map knowledge.
The two basic types are declarative and procedural knowledge. A person’s
declarative knowledge is 2 mental database of all the information contained in the
long term memory. - In the cogpitive mapping domain this consists of specific

- places such as landmarks, lines (e.g. paths, edges and boundaries) and areas (e.g.

neighbourhoods, cities, and countries) (Golledge, 1992). Procedural knowledge
consists of the rules used to synthesise the declarative knowledge database into
information which can be used to facilitate an action. For the purpose of
cognitive mapping these rules are essentially wayfinding knowledge which direct
movement between places, an example of which would be the transformation of
path elements into a navigable route. This transformation though does not include
the ability to make inferences about routes never experienced.

The highest level of cognitive map knowledge is called configurational knowledge
and it surpasses procedural knowledge by incorporating information such as
angles, directions, orientation, location and distance apart of places (Golledge,
Gale and Richardson, 1987) so the possessor has knowledge of the associations ‘
between, and the relative positions of, places and this forms a comprehensive
spatial knowledge system (Golledge, 1992). Such knowledge has been térmed
‘common sense knowledge’ by Kuipers (1982) and allows inferences and
propositions to be made (Allen, 1985). '

There are both practical and theoretical reasons for wanting to determine the
amount of configuration knowledge which a subject posscsses. Firstly, Golledge
and Timmermans (1990) have argued that it is as important to determine the
dimensions of psychological spaces as it is to determine the dimensions of
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physical space, Cognitive maps are constructs which determine and explain our

behaviour in space, and if we can discover the gcometry, and hence distortions of

cognitive maps, we can replace physical Space with a cognitive space to be used

useful for determining how well the Spatial knowledge of a subject is developed
for use in development, wayfinding and spatial decision making models,
environmental planning and variety of educational uses based around primary
school exercises, cartography, remote sensing and the improvement of
Geographical Information System’s (GIS) interfaces.

Bidimensional Regression
Bidimensionat regression is a technique that can give an indication of the amoun¢
of configurational knowledge possessed by a subject by comparing the spatial
product with objective reality. Because of its Statistical preciseness it is preferable
to visual assessment, i must be stressed, though, that bidimensional regression
can only measure the ‘accuracy’ (also -called absolute error, which is the
systematic, non-compensating  distortion caused by cognitive processes that
translate, rotate or scale locations which result in the displacement of g location.
cue from its actual location (Gale, 1982; Lioyd, 1989)) of configurational
knowledge and not the *precision’ (also called relative crror, which is the areal
dispersal of a group’s estimates of a location (Gale, 1982)).

Tobler (1965; 1976; 1978) has made significant advances in the problem of

comparing point patterns far beyond orthogonal transformations (Gatrell, 1983).
His bidimensional regression method (1965) measures only the association

and ordinary least squates regression procedures, between two set of coordinates.
This regression technique is sensitive io rotations, translations, and changes of
scale, and calculates how large these are (Tobler, 1976),

The difference between linear and bidimensional regression is that instead of

paired one-dimensional observations of the form XpYj» one has paired locations of

the form X;¥; (coordinates of objective places); U,V; (coordinates of cognitive
location of places). From these paired couples 2 Spatial correlation can be
calculated. It must be noted that in ordinary correlation, phenomena are

associated with one location, In bidimensional spatial correlation, phenomena are

associated with either the same or different locations, for ex?n;fl% ol;j(zg‘tiigv:r zltlt;s
i i iti ived by one individua .
towns, and their cognized position as perceiv ' {
’(I)‘f)eogctﬁod therefore requires an a priori pairing of locations (Tobler, 1965).

Bidimensional regression compares both sets of coordinates simultaneously. The

.- cognized map {uy,v;} coordinates are translated or shifted (thus centring the maps),

scaled (enlarged J()r reduced) and rotated to achieve the statist'lical best fit vfrith él;;,
objective geographicél locations {x;y;} (Fxfgul:e 2). Thfoiczl:lzgj l;al:::d?:lt::;oll;n o
: i i the regress
demonstrated by using the equivalent o ession | . o

lr):gression, the regression grid, which is produced using bl:hr[; enmglrizl Eﬁfﬁ:ﬁﬁ,
‘This gri ' igure 3) the amount of scaling,

This grid. graphically demonstrates (Figure . : .

and lg)tat'ign r:equire',d to allow the {u,v;} set of points to ob,tanll rg?:)c_llrnn:g
' compatibility with the { X,y;} points. Although reflection may be require ake
the cognized coordinates correspond with the objective com:"dmates 1.t canno t
accomplished usihg the bidimensional regression technique whul:g8 313 no
‘sophisticated enough to perform such a task (Murphy, 1978; Gatrell, ).

The simple ordinary linear regression equation can be stated as:

Y=c+b.X+e

In the two dimensional situation the parameters a and b of the standard regression

equation become :-
a, ‘b by, by
a = =
a, by by

This translates to bidimensional regression :-
w) (4 b, b, (x) (¢

+ +
V) 4, bzl b22 Y f}

The parameters a, and a, are analogous to the inter.cept term and peFfon?btl}tsa
translation; the scaling and the rotation are accomplished by the matrix o i
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(analogous 1o the slope coefficient in ordinary linear regression). A rigid
-euclidean rotation is maintained by constraining by, to cqual -b,, whilst
constraining b,, = by, ensures the scale on both the axes is adjusted by the same
amount and thus the regression grid remains equilateral (Figure 3) (Murphy, 1978;
Gairell, 1983),

horizontal translation, with g positive value indicating a west-o-cast shift and a
negative value indicating an east-to-west shift; a, is the vertical translation, with
a positive value indicating a south-to-north shift and 3 negative value indicating
a north-to-south shift; the scale, is an index that measures the scale change needed
to produce the best fit with 5 value less than one indicating that u,v spacé was
contracted to fit the XY space, and a scale value greater than one indicates the uv

to produce the best fit, with a positive value indicating a counterclockwise
rotation, and a negative vajue a clockwise rotation (Lioyd, 1989).

COGNITIVE
PLANE

ur

OBIJECTIVE
PLANE

Figure 1 Bidimensiona] regression. This shows how one set of points on the
cognitive plane are related onto the pairings on the objective plane,
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TRANSLATION j+ « = |

Figure 2 Map transformations. This demonstrates how the map transformations
take place.
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C = ACTUAL LOCATION {uv} = f(x,y)

C1=RESIDUAL LOCATION
.,.'.._'. :_'- :.' p U= a + b“x +b y
1 : LY ; / 2
T i V=3 4 byX + by
' ';‘- :: ::: \ a = 215_-18.
wof [ TN b= 2513
Y 7 by, = (L8418
B N by, = -0.2722
500/ | [l F TRl bu = 02722
AL ST L ke = osa
: Scale = 0.8847
0 __"‘“—‘__'-‘—*—"—“I‘- Anglc = 17.96

r’ = 0.7303
%fit = 533393

Figure 3 The bidimensional regression of the cognized space of a group of 11-12

year old boys, demonstrating the scali ati riso,
i .5 .
e a oy, de g ng, translation and rotation in comparison

Wat ! istortion

Oo::;::u:l? and .C_if)rdon.s (1984) distortion index and boxes represent s

o C: 1;:1 m?f bldlmenspngl regression and is calculated from its results. The
stanc een the {UJ,V_]_} and {xj,yj} coordinates is the quantity that is

¢ et s
di;;] g{;z;gr;;;ns 11;12:: (D;})e The DI ranges between 0 and 100 percent and is a
e, size of which indicates the istorti
regardless of the scale of the true or cogniti This is useful for com o
dl goitive map. This is useful fi i
cogmitive maps of say, the same i is i cltoct o
: person but at different scales. It js j
standardised measure of relative er cant be dienteon
‘ rror (Lloyd, 1989). This be di
graphically using a box of distortion indic: . on of maie e
ally that indicates the ori i i
and minimum distortion for the wh i it the b
and m ole cognitive ma ith ’s si
Indicating the relative amount of distort] o box is howeser e
) 1stortion. The distortion box i
comparable between cognitive maps of the same objective ma);als rowoves, only

Studies using bidimensional regression to study configurational knowledge

gl‘l;e;c 111an3 been (m.ly a handful of studies utilising bidimensional regression for
nalysis of spatial products. These have been predominately carried out by
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geographers, rather than by researchers-interested in cognitive maps from other
subjects such as psychology, cognitive science, sociology, anthropology and

planning.
Gblledge and his associates (Richardson, 198la,b; Gale, 1982; Golledge and

-Hubert, 1982; Golledge, Rayner and Rivizzingo, 1982; Golledge, Gale and

Richardson, 1987) have used bidimensional regression to assess and compare the
spatial knowledge of various subjects to objective reality, and have demonstrated
its worth as an analytical technique. In this large study, subjects from Colombus,
Ohio, were asked to perform a number of cognitive mapping tasks. One of thesé
required them to make a sequence of paired comparison judgements (assigning

scale scores between one and nine on the degree of separation; one representing

the closest; nine furthest away) between forty nine highly familiar location cues
in that city. These distance ratings were then constructed into a two dimensional
space using a nonmetric multidimensional scaling (MDS) program. Each
individuals two dimensional multidimensional scaling product was then compared
to the objective realily using the commonly employed (Kosslyn, Pick and Fariello,
1974; Magana, Evans and Romney, 1981; Kirasic, 1989) CONGRU program of
Olivier (1970), which standardises (makes the same scale) and makes congruent
(rotates the configurations until the best fit is obtained) sets of configurations
before using the bidimensional algotithm to measure the spatial association.

The results of such a study must be interpreted carefully as the results may not
demonstrate the amount of configurational knowledge subjects possess, . This is
because it was possible for the subjects to assess the distance between two places
independenily, and not solely in relation to all of the other locations. As such
procedural or even declarative knowledge could have been used. The MDS
method only allows the measurement of latent (potential, unrealised or unknown)
configurational knowledge. The results, though, have been used (Golledge ez al,, -
1983) successfully as a control to demonstrate the low levels of spatial knowledge
of mentally retarded subjects, who may need extra education to be able to navigate
successfully in the urban environment, and by Richardson (1981b) in analyzing

the metrics (geometrical rules) of cognitive maps.

The MDS technique may also be used to compare the configurational knowledge
of subjects disaggregated by certain characteristics. School children from West
Wirral, Merseyside, were required to locate a set number of designated places
(nineteen British towns) in relation to two known locations cues (their school and
London) (Kitchin, 1992). This spatial cued response method does require
configurational knowledge as all places have to be located relatively and not
independently. Bidimensional regression was then used to compare the spatial
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pmd'ucts f:stimated to the objective . locations to determine if there were
configurational knowledge differences between genders, and different age groups
and to analyze the effect of aggregation by performing the analysis on individuai
and aggrcgated data sets. Aggregation took place prior to the bidimensional
regression ansi cach aggregated cognized point represents an average position of
the groups csnm?tcs. The results show that there are minimal differences between
the sexes, especially at the individual level, and that configurational knowledge
generally laison increases with age (Figure 4). *

BOYS

GIRLS

[N

Neg
AGGREGATED=0.13

N
7
H.
NUMBER OF RESPONDENTS
o N

YEAR !

' ' o y J_-
SORBTRBRg e
VITTTTEee

ﬁ(\gﬂ_vou':vrlxalao?
SoocoNogog©
a
s
%6 N=12
2 AGGREGATED=057
4TH E4
59
YEAR &,
go -
5 -733933Rkye
2 vI?TIeTTeT
ﬁ_(\_l-"'?vOcorl\ql)o?
oododNaooa®
o
R-SQUARED VALUES

Figure 4 Bidimensional re i : i eren
: _ gression results showing the difference in
configurational knowledge between males and females in the two age groups.

3];:?:;?.:1656 graghs onlyl show the r* values, they do indicate the amount of congruence between
Ive and objective locations. High 2 values indicat
the dissimilarity between the conﬂgumtigns. 'Ca o ,Mgh fegtes of ongrucnce, low ralues
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Given the coordinates of the objective and the cognitive locations of an a ggregated
group of 11-12 year old male respondents, we can use bidimensional regression
to predict the residuals v, v (see Table 1) from the equation:

u| 215.18) {0.8418 -0.2722) (x
Av 25.12 1 \0.2722 0.8418
.where:
2 =07303 Percent it = 53.3393

Scale = 0.8847 Angle = 17.96

The resulting transformation is displayed in Figure 3. A grdphical representation
of the results (Figure 5) allows us to visually -interpret the amount of distortion,
and the grey shaded area is how the group hypothetically cognizes Britain. The
vectors show how far and in what direction the.cognized locations need to be
moved to fit the objective locatiors and -the’ residual-locations of where the
cognized locations were cxpected to be placed according to the model. As can be
seen Britain is cognized as being-smatler (note the scale value is Iess than one in
- Figure 3) and rotated to the right'(the angle value is positive). The relatively high
r* value indicates that the locations of the cognized. places are still approximately
relative to cach -other and not just randomly located; although the results suggest
that childten overestimate the distance to near places and underestimate the

distance to-far places.

The bidimensional regression results in this example are an indication of the
amount of configurational knowledge a subject possesses. The results do not
explain the reasons for these distortions and only medsure the association between
the two configurations. The next step in the investigation of configurational
knowledge is to try and determine the reasons -for these distortions from
planimetry by testing a series of hypotheses. There are many factors that could
affect the type and amount of configurational knowledge and these can be divided

into ten main categories: :

1. Environmental deterministic sources (unalterable) e.g.
general physical topography, objective distance.

2. Environmental deterministic sources (alterable) e.g. numbet
of turns or intersections along a route, urban structure.
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3. Environmental interaction sources e.g. familiarity, mode of
travel, travel time.

4.  Social circumstances and interaction  sources e.g.
Education, Socioeconomic status, media, social/verbal
mediation, experience of map use,

5. Perceptual filters, perceptual context and anticipatory
schemata e.g. Senses, current emotional state, what the
subject expects.

6.  Characteristics of the mapper (determined) e.g. age,
gender.

7. Characteristics of the mapper (undetermined) e.g. inner
organismic factors such as beliefs, needs, emotions,
personality, metacognition.

8. Cognitive style ¢.g. how a subject approaches a problem.

9. The form, function, structure and contents of the
information in the brain. '

10.  Memory etrors.

Meany different combinations of these factors could account for the distortions
found using the bidimensional regression technique, and without testing them
statistically it is difficult to draw any definitive conclusions about the differences
from planimetry found in the example. By using visual interpretation it is possible
to make tentative hypotheses for the distortions, Those towns with larger
populations seem to be located more accurately than those smaller in size. The
reasons for this probably include the respondents greater familiarity as a result of
direct experience, media and educational coverage, It is likely that the rotation
and the scaling, resulting in Scotland being much reduced in size, and ‘dragged’
south is caused by Scotland being cognized as much smaller than England. A
possible reason for this may be that the majority of Scotland’s population is

Scottish towns reflected this, with points 13 (Aberdeen) and 18 (John O’Groats)
being ‘pulled’ southwards. Further investigation would obviously be required to
test these hypotheses.

1785

NUMBER - ACTUAL LOCATION
* - COGNIZED POSITION ‘—l—wudloo
* - RESIDUAL POSITION 0 .

SCALES A -SCHOOL
B - LONDON

Figure § Map showing the objective, cognitive and residual locations of 11 - 12
year old boys.




Table 1 Cognitive, objective and predicted coordinates

Cogunitive Objective Predi
x and y coordinates u and v coordinates uané(irte:i)ordinates
2;1;00 32500 815.00 395.00 793711 579.46
480.38- 123%%(()] 875.00 1015.00 675.46 1117.69
655.00 54060 790.00 1545.00 459.65 1540.69
790. X 690.00 425.00 680.32 ' 570.69
795.83 1280.00 1065.00 1095.00 813.62 1236,75
.735.00 15())::'»2.;%(()) -980.00 655,00 861.83 843.23
565.00 555b0 1025.00 850.00 846.64 1019.63
‘810.00 . 360.00 510.00 37940 55242
750.00 430.00 760.00 455.00 731.08 615.00
610.00 750.00 895.00 " 605.00 803.89 778.01
725.00 1470.00 825.00 1555.00 486.39 1558.63
1150.00 1210.00 845.00 1545.00 505.95 1555.66
. .00 790.00 985.00 615.00 87693 810.92
11§§.OQ 1025.00 1045.00 705.00 902.94 903.01
225.5)3 - 475.00 890.00 305.00 881.34 524.12
63_5.00 2%)355%(()) 300.00 230.00 405.11 30039
395.00 935b0 1105.00 132500 784.69 1441.24
. . 425.00 585.00 413.70 63324

615.00 1260.00 113000 970.00

902.36 1149.22

Conclusion :

Thls.[?aper has aimed to highlight the utility of bidimensional regression to
cognllm_rc .mapping, through its ability to measure the ‘accuracy’ of the
f:onflguratl.onal knowledge of subjects spatial products, Such infonﬁation is
unpo.rt.ant In cognitive mapping because it highlights the distortions involved in
;}ogn:)twe map knowledge. . It provides the researcher with information which can
then be Llefd In models which try to discover the reasons for such distortions, and
in df:velopmg and testing theoties of spatial behaviour and decision makin, for
use in a number of applications such as educational and environmental plannging.
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Glaciers and climate: a sensitive balance

Darmy McCarroli, Lecturer, Department of Geography

Siegel, A. W. (1982) “Towards a social ecology of cognitive mapping’ in Cohen, :

;{. (e('i) Children’s conceptions about spatial relationships, Jossey-Bass, San Abstract
rancisco, pp. 83-94. The relationship between glaciers and climate represents a sensitive balance. Glaciers can
s respond to a variety of climatic factors, such as changes in temperature, precipitation and
pencer, C and Blades, M. (1986) ‘Pattern and process: A review essay on the | wind direction, and different glaciers may respond in different ways to the same climatic
relationship between behavioral geography and environmental psychology’ f' events. By seeking to understand this relationship we can begin to use past fluctuations in
Progress in Human Geography, 10: 230-248, ’ ‘ the size of glaciers to reconstruct local and regional weather conditions. However, the
% relationship works both ways, in that glaciers also influence climate. Small glaciers only
Stea, D. (1969) “The measurement of m ental maps : An experimental model for inﬂtfen.ce climate locally but major io.e sheets, such as those that developed during
studying conceptual spaces’ in Cox, K. and Goll edge, RG. (edls) Behavioral glaciations, must have' had a profound impact on \:vorld. weather patterns. Although the
problems in geography, Evanston, ITlinois Northwestern s’t d.' " G ora ; build-up of ice sheets in response to global cooling is quite easy to envisage, the controls
228.253. ’ udies in Geography, pp. on deglaciation are still poorly undérstood. In fact, we stilt do not really understand why,

during its early history, the Earth did not freeze over completely.

Tobler, W. R, (1965) *Computation of the correspondence of geographic patterns’

Papers and proceedings of the Regional Science Association 15: 131-139, Introduction
, ! Glaciers exist in equilibrium with climate. When it gets .colder they grow and
Tobl s . . ¢ y o | . : !
Rush‘::) n“C’} ?ed(lg%)‘ gh;: geomelry of mental maps’ in Golledge, R. G. and | when it gets warmer they shrink. That’s the story I was told at school and even
Press C;)Iu‘m bui)ol'f?ua cnoice and spatial behaviour, pp 69-82 Ohio State Univ. | at University. It’s simple, it’s boring and it’s not really true. Glaciers are
’ T wonderfully complex things. Like the mythical modern man, they are at once
. . ' powerful, beautiful and sensitive. It is their sensitivity, with regard to climate,
{ootet, W. R. (1978) ‘Comparison of plane foms, Geografiska Anatler, 10: 154. that I wish to discuss, ’
: The concept of equilibrivm is useful in understanding-how glaciers work. They
Waterm : ‘ I .
analesisagf dsist?)l:-? Gordon, D. (1934’) A Yuantitative-comparative approach to ~act rather like a conveyor belt, transporting ice away from areas where snow is
¥ lon in mental maps®, Professional Geographer, 36: 326-337. accumulating faster than it is melting and into areas where it will melt faster than
Wood, D. and Beck. R e snow can accumulate. The top part of a glacier will therefore be an area of net
dimcn; ion.s o, eck, R. (198?) Janine Eber. maps of London: Individual accumulation and the lower part an area of net ablation (melting, calving, etc.).
cognitive imagery’, Journal of Environmental Psychology, 9: 1-26. Where the two areas meet there is an imaginary ‘equilibrium’ line. If there is an

increase in temperature then, ‘all other things being equal’, the rate at which the
glacier is melting will increase and the position of the equilibrium line will move
up-glacier. The position of the snout will also move upslope, leaving an area of
: bare ground in front of it Conversely, if the climate gets colder, “all other things
| being equal’, the glacier is likely to melt less quickly so that the equilibtium line
will migrate down-glacier and the snout will advance.

In theory this would suggest that glaciers are very convenient ‘palaco-
thermometers’. If we can find out when they advanced and retreated we should
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