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ABSTRACT -

The dissertation descrfbes an experiment
in cbgnitive mapping. Cognitive maphing is‘the process by which spatial
information is acquired, coded, stored, decoded and applied to the
comprehension of thé éveryday physica] environment. A cognitive hap can
also be a physical drawing, produced by hand to communicate.the original
map in the heéd. The dissertation uses the term, manual map, to distinguish
the graphic hand drawn representation from the actual cognitive map. The |
experiment required adult househé]d members to sketch a floor plan of their_
home, complete a spatial éptitude and graphic abf]ity test and supply
biographical, socio-economic, and attitudinal information. Children over-
the age of three also sketched a floor p]an.and completed an I.Q;ltest. A]]_
seventy sample households (222 respondents) 1ived in houses with identical

floor plans.

| A major’ finding of the experiment was that
manual‘méps can be reliable and valid research instrument in the study of
cognitive maps. Psychometric techniques were used in the data analysis to
test for reliability and validity. Both spatial aptitude andvgraphic ability
~were found to be significaht]y’re1ated to thé abi]fty of individuals to
communicate théir'cognitive maps. Persons with superior mental faculties
have cognitive maps which more closely reflect reality. When psyéhophysica]

functions were examined, there appeared to be a linear re]étionship between

-



subjective distance and area and real distance and area. Socio-economic
variables, biographical data, and the subject's cognitive structure of the
home as revealéd through the semantic aifferentia], did not produce
significant correlations with the ability to communicate cognitive maps.
Children's abiiity to produce a manual map which resembles reality is
significantly related to age, spatial aptitude, and graphic ability. A

chi]d‘s’manual map is a reflection of his general stage of mental development.
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xii.
PREFACE

Early in 1972 the International
Geographic Union issued a Tist of "priority research areas in human geograpy".

Heading the 1ist was perception ‘studies:

Geographers have for a long time been aware of the difference .
between the 'objective' (or 'real') environment and the
‘environment as perceived. But it is only in-the last decade
or two that a systematic attempt has been made to measure
space perception and space preferences, and to evaluate them
and to. examine the search procedures that people employ to
explore the environment in which they find themselves. The
~-field is a very difficult one in which to operate. Furthermore, -
it clearly overlaps with psychology in terms of basic techniques
and with both sociology and planning in terms of the implications
and findings ... Despite the difficulties, perception studies
are of central importance for the study of geography.  (p. 13)
At the time the above statement was being
~ -issued by‘the IGU, many geographers and psychologists were in the midst of
research projects dealing with that very topic. That year (1972) and |
subsequent years have seen a dramatic growth in the amount of published
research on cognitive mapping and related aspects of environmental

perception.

Recent advancements in cognitive mapping
have originated primarily from a coalition of geographers and psychologists

~~ === with <important contributions from a number of architects and planners..--.: ..-

Kenneth Boulding who himself established

a milestone in environmental perception with the publication in 1956 of a
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book called The Image, has referred to those researchers in cognitive

mapping as . an "invisible college" which represents almost a new
discipline, cutting across the old discipline of geography and psychology"

(Downs & Stea, 1973 p. 11).

One of the implicit goals of this
dissertation is to provide an example to future students who may wish to
pursue research in the "invisible college". As such, this dissertation has
‘adopted a psychological approach to a geographic topic. It has been written
“in the style of psychological thesis; it has used teéts and measurements
developed and employed in psychology, and it has been designed on a style of
scientific research typical in psychology. Although the research design
and research instruments may deriye from psycho1ogy,_the research topic,

.cognitive mapping, is of fundamental concern to geographers.



1.0

INTRODUCTION

» Cognitive mapping ha§ gained widespread
acceptance as a Qiab]e.area of research in geography and in some senses has
come into "vogue". The relative infancy of this field, however, is still
reflected in its lack of a strong theoretical foundation. A great deal of
work must be done before congitive mapping can be said to contain any sort
of unified and comprehensive theory. As it presently stands, there is a
growing body of individua] research projects and experiments, many'with'
conf]icting results, waiting to be tied together in some sort of theoretical

framework. The usual pattern of events in other disciplines is that theory.

" evolves slowly from a long trial of many individual research efforts. As

Downs and Stea (1973) point out, "It is important to recognize the degree of
compatibility between answers - for once, geographers are beginning to |

cumulate knowledge by consciously replicative and overlapping studies,(p: 320)".

Subscribing to the above statement, this

dissertation is an attempt to further our degree of certainty about "facts"

in cognitive-mapping. The dissertation is replicative in that it employs

many of thetechniques and methodologies used in other cognitive studies. In
this way some degree of reliability can be attached to presently used researeh
techniques. It is also rep]icative in that researchers will find.it re]atfve]y
easy to duplicate the exberimenta] situation. The dissertation is overlapping
in that its content deals with the classic cognitive maps (hand drawn graphic
representation) and psychophyisical analytic techniques currently employed by

other geographers in cognitive distance experiments.



Although Downs and Stea claim that ... "the
curreht'gg_ﬂgg posture towards methodological questions is acceptable and
even necessary in the exploratory stage of any research effort" (1973 p. 7),
jt is hoped that the experimental desigh of the research and the rigor of
ana]ysis employed in this dissertation Qi]l.lend credibility to the results.
It is add1t1ona11y hoped ‘that by example, other research will also employ
s1m11ar rigor so that the results of the present exper1ment may be compatible

-with and comparable to future research.

This dissertation describes an experiment

(Campbell & Stanley, 1966) in cognitive mapping.

1.1 Cognitive Mapping - Definition and Terms

Tolman (]948) first coined the phrase
"canitive'map" refeféing totthe spatial mapping processes used by rats
to navigate and learn routes through a maze. These, of course, aré
maps in the non-literal sense. To1man's mental maps were not a graphic
representation, but a spétia] structuring of reality as composed of
visual, tact11e and olfactory input. Since that time, the phrase
has been reworked and redefined so as to become a useable construct in.
environmental cognition research. Hart and_Moqre (1971) 1in their
outstanding paper on the deve]ophent of spatial cognition claim that

the "terms cognitive maps and cognitive mapping imply map-1ike

representations of geographic or other 1arge—sca1e environments ... it
begs the question, however, to suggest that spatial relations are

necessarily represented in cartographic form. Therefore, we_prefer to



use the more inclusive terms of developmental psychology - patial

cognition and cognitive representation. (p. 7-3)."

Kaplan (1973) has probably taken the
‘concept of cognitive mapping the furthest by suggesting an individuals'
whole structuring of reality may be considered as a cognitive map "...
cognitive processes and spatial cognitive maps do not involve essentially
":differéht’sfructures v, a“spatial ‘cognitive map might be viewed as a -

special case of cognitive maps in general (p._75)."

Perhaps the best definition to date and
the one adopted in this study has been formulated by Stea (1974):
Cognitive mapping is the fundamental process By which
spatial information is acquired, coded, stored, decoded,
and applied to the comprehension of the everyday physical
environment (p. 159).
Downs and Stea (1973) in the most
complete and compréhensive work on cognitive mapping tb date, Image and
Environment, present a detailed discussion of the construct of cognitive
mapping. It is their contention (as supportéd by many other researchers)
that "human 5patia1'behaviour is dependent upon the individuals' cognitive
" map of the,spatial*environment (p. 9)." They further assert that “the
cognitive map [is] the basis for deciding upon and implementing any
strafegy of spatial behaviour (p. 10)." In other words, we cahnot
describe, predict, or understand human spatial behaviour accurately and

completely unless we first understand the cognitive mapping process. In



this vein Cadwallader (1973) has shown that cognitive distance is a

better predictor of shopping behaviour than real distance. In planning,
neighbourhood areas as perceived and defined by area residents (i.e.
their cognitive map) have proven to be a valuable aid in the understanding
of local resident goals and actions. Although no Qneehas yet prqved-

that cognitive maps do exist, it is usua]]y assumed cognitive maps

exist if an individual behaves as if a cognitive map exists (Stea &

Downs, 1970).

It must be noted at this point that a
cognitive map is not necessarily a "map" per se. "We are using the _
term map to designate a functional analogue.. The focus of attention
is on a cartographie representation which has the functions of a
familiar.cartographic map_but_hot_necessarily the physical properties
of such a pictorial éraphic model ... cognitive maps are derived from
analogies of process, not product .... Consequent]y'it is analogy to

be used, not believed (Downs & Stea, 1973, p. 11)." . = .. .. . ..

Cognitive maps; however, may be actual
physical drawings, produeed by hand to illustrate or communicate
the original manuscript in the head. Stea (1974) describes cognitive
mapping as beieg eoncefned "with how stabi]izéd‘fu]]y formed impressions
come to be, how mapping.takes'place in the brain, and the form and
content of the maps as represented in graphic or verbal descriptibns
(i.e. the input, the throughput, the output) (pl 157)." The output in

Stea's case can be (among other things) verbal deseriptoré, model blocks
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2= T terms of making spatial decisions the*cognitive*mapﬁin=thexﬁeadfis; Tma s

2

aerial photo interpretation, symbols, and freely-drawn maps. These
graphic maps would be termed cognitive representations by Hart and
Moore and differentiated from spatial cognition which is the “input"

and “throughput" described by Stea.

There is therefore a paradox in the term

cognitive map. It means both a map in the head and a map by the hand.

the only map available to an individual; the world for the individua]
is how he perceives the world to be. The actual communication of a

cognitive map (in the head) may'take'many forms, one-of which may be

a graphic representation of the spatial arrangements of objects, commonly

termed a "map". To separate the two concepts one may adopte the terms
cognitive representations, graphic map, schema, diagram, drawing,

picture, etc. to represent the hand mép. Distinction between the two

concepts. for purposes of this dissertation will follow the convention of

using cognitive map for the mental, in-head processes involved in--

assimulating, interpreting and storing spatial information, and manual
map for the graphic, hand drawn-representations.commdn]y used to

communicate the original copy in the head.

Goals

This dissertation has four main goals:

1. Develop a valid and reliable quantitative method of analyzing

~ manual maps. To this end the influence of both graphic-abi]ity



and spatial aptitude ake_inVestigaged to determine their effect

on the individual's manual map.

2. Determine what form of psychophysical relationship exists between
cognitive‘distance (and area) and real distance (and area).
These findings will compliment fhe growing body of similar -

research presehtTy being conducted by geograpﬁers.

3. Analyze the influence of biographical variables (age, income,
length of residence, attitude, etc.) on the individual's manuél
map of the home; The purpose here is to determine Whether
hypotheses postulated by other researchers can be:

a. tested by the above quantitative methodology

b. supported or refuted.

4. Investigate ghe aevelopment of spatial cognition in children.
Since all members of the household over three years of age were
asked to participate, the experiment offered anleXCé11ent _' e
opportuhity to examine spatial'deve1opment in children. This area
of reseafch has already received considerable attention by

‘geographers. : ' : -

This dissertation deals with cognitive
mapping but more specifically it examines the use of manual maps as

a research tool in the study of cognitive mapping.



For a number of years, manual maps have
been used as a research technique to examine spatial "images". Lynch
(1960) initiated this technique to study "urban images" and was
followed by many others. A]thoughvmost.research_of this type has
concentrated on prqb]éms at the scale of the city, researchers have
also used the manual hap technique on a global scale (Gould & White,
1974), neighbourhood scale (Ladd,r1970),»dwe11ing scale (Altman et al,
1972) and room scale (Argyle, 1967). It may also be possible to '
extend the use of manual maps to thé study of"proiemics"(Ha]], 1966;
Sommer, 1969) but this has not yet been done. It Wou]d also appear
that this last éxamp]e; persona1 space, is beyond the scale of
cognitive maps. Several authors make the point that cognitive maps
‘are a structuring of spatial phénomené which cannot be perceived or

: épprehended at once. ‘In the case of personal space the épprehension

may, in fact, be only a memory rather'than a true compdsite map.

-

i w¥~-Even‘though the use of manual maps is
widespread, the ana]ysis‘of such data is.almoSt invariab]y qualitative.
‘The significance of the results depends upon theMresearcher's subjective’

~~interpretation of the "content" of the graphic representations. Because
of this, the research is very difficult to replicate. ‘This does not
mean, however, that valid results cannot be obtained using qualitative
methods. Validity and reliability can be ensured by having various
jndividuals perform assessments of the data and to'tesflfor fhe

correspondence among the judges. Although this latter method of



reliability testing is being adopted more frequently, a great deal

of research employing manual maps ‘lacks this approach.

In all fairness, it must be stated that

- research which lacks estimates of reliability does:not necessarily- rc::z::::

present false results. Lynch for example, did not employ a

methodo]ogica]iy sound research design, yet he was able to obtain

~-valuable information which has proved -consistently true-in-many others  ---:

studies.

Regardless of the pros and cons presented
for various typés of research, this dissertation attempts to develop

a methodology by which manual maps can be analyzed quantitatively in

addition to gqualitatively. The success of the experiment is relative.

If the attempt is positive, thén future re;earchers can look forward
to employing a neQ technique in their analysis with the knowledge that
it appears to have some validity. If the attempt is negative it will
at Teast illustrate some of the pitfalls. for othervresearchers who

may wish to assail the same problem.

There is certainly an appeal for developing -

a quantitative method. It would mean that data obtained. by one
researcher could be analyzed consistently anywhere by any number of
other researchers. It also means that studies could be replicated
and that the results of various studies could be objectively compared.

Such is presently not the case.
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.3

Research Setting

The research setting devised to achieve

the goals was to have -people sketch a floor plan of their home. A

unique feature of the experiment was_that all homes had identical
floor plans. Although some concern might be expressed about the
interpretation of a floor plan being a cognitive map,'there does not
appear to be any evidence in the current literature to disqualify
such an approach. In terms of spatial behaviour, individuals must
have some form of cognitive map in order to navigaté themselves about
their home. Their maps musf not only contain information on the
relative location of each room but also information on its size,
orientation, usage, céntents, etc. 1In othér words a cognitive map of
the home exists because individuals "behave as ff a cognitive map |
exists" (Downs & Stea,’ 1973, p. 10).. In a discussion on "mental"
maps Stea alsd says "... all persons_form conceptions of those
significant environments that are too 1arge-to be perceived, i.e.
apprehended at once. (1969, p. 229)." It is argued here that the
home is a significant environment; and that it cannot be apprehended

at once.

There are several methodological advantages
in using the home as the subject of a cognftive mapping experimént.
Most -of these have to do with- the measurement and interpretation of the
manual map used to communicate the individual's cognitive map. The

advantages are as follows:
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1.. Subjects are familiar with the environment. One criticism
leveled at researchers who have‘subjects draw maps of the city
is that the degree of familiarity or lack of knowledge influences |
the resulting manual map to a degree that cannot be estimated;
In the homé jt is assumed that everyone has at least been in all

the rooms.

’2;“*'Manua1-maps~ofvthe~hqme‘are'ffnite. Requestfng}subjects to produce
a map of the city or neighbourhood can result in an infinite
amount of variation and detail. In the hdme there are a fixed

“~ = number of rooms and-walls. ~It makes the problem of what to measure

more manageable.

3. The problem of measurement is simplified. The length of the walls
and the érea'of the floors can be measured on the manual map-and
compared to the actual floor plan to giye the amount of deviation
between the cognitive map and the real world. The exact size.

and orientation of .the real map is already known.

A detailed description of the complete
research design will, of course, be'given in a following chapter. The
unique feature of having a large number of families living in essentially
the same home affords the opportunity of investigating a number'of
other intereéting relationships in people's spatial perception. For =
this reason the dissertation also reports findings which may not bear
direct relevance to the main arguments of the experiment, but nevertheless

seem important and significant in themselves.
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Research Context

In 1970, Stea and Downs combined their
efforts to produce an article which outlined the state of the art (atv
that time) in cognitive mapping. Their article "From the outside looking
in at the insidé Tooking out" is used here as a basis for the context

of this dissertation.

The Stea and Downs' (1970) article was
intended to act as an introduction to a gfoup of origina]-papefs in
cognitive mapping. As such, Stea and Downs attempted to construct a
typology to describe the types of research being conducted in cognitive
mapping. -They éuggested that there were two general research

strategies:

1. The holistic approach was concerned with overall system identification,
| and description. "On this 1eve1, a major concern is the establishment
~of purely functional relationships between, for example, socio-
economic status variables and the cognition of different segments
of the envifonment (p. 7)." Research typifying this is that of
‘Ladd (1970), Ley (1974), Appleyard (1970), and Everitt & Orleans.
(]971). This type of research usually employs manual maps, with

most data ahalysis being of a qualitative nature.

2. "The second strategy involves a search attempt to analyze the
system interactions which have been isolated previously. Thus

the focus is on the interactions between sets of variables



R

. togetherwith‘the sbecifieation of the system parametersf‘(p. 7).
| Examples~of:this type of‘research are Lee (1964), Lowerey (1970),
and Briggs.(]969). This seCond'strategy makes eXtensive use of
”quant1tat1ve|nethods of data ana1ys15»(p. 8)"'and has, unti] this

d1ssertat10n never emp]oyed manual maps in the research des1gn

Stea and Downs go further by c1a1m1ng that

there have been three major research foc1

1. Elements
“Cognitive categories into which information from the spatial
.-environment_is»eoded.. Loosely interpreted,'eTemenfs;refer

to the objects or. landmarks in the spatia1 landscape.

2. Relations Between Elements

‘Distance and directional system used to define cognitive .

representations i.e. cognitive distance. -

3. Surfaces Resulting from the Relationship Between Elements

~overall cognitive representations of a portion of the Spatial
" environment, i.e. manual maps. |

In previous research_the'hblistip abproach ‘
has usually dealt with surfaces, hence the popu]ar techhiquelof manual
maps. The system interaction approach has been Timited tove1ements’

~and relations between e1ements ‘Figure 1 provides a_schematic diagram-

- of the different strateg1es and research foc1 A]ong each arrow

connect1ng the strateg1es and foci are examp]es of researchers whose
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Work falls into the various categories.  Some of the research

designations ere given by Stea and Downs. Other research appearing
since the time of the1r article have been classified by myself. The

typology, as constructed by Stea and Downs, provides a useful method

of categorizing the various pieces of research in cognitive mapping.

Where does this dissertation fall? Figure
2 represents the research covered in this dissertation. The various

numbered arrows are described below:

1.  First it must be stated that the essential foci of the research
is with "surfaces". Subjects were requested to draw a manua]i
map of their home. The entire spatial environment of the home is
‘the subject of enquiry. The primary research strategy was that
of systems:interattion. A series of psychometric tests end
measurementé was employed as we]] as basic psychophysita] techniques.
This approach is highly quantified and represents the first time
in geography (to my know]edge) that quantitative methods have been
used to analyze surfaces, i.e. manual maps. The present dissertation

therefore, differs from all other previous geographic research.

2. A large number of socio-economic variables as well as psychological

variables was collected and related to the manual maps.

3. Tests to determine psychophysical functions for cognitive distance

and cognitive area (another first in geography) were performed.
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4. A semantic differential was administered and analyzed using
hfactdr'ana]ysis to determine the underlying cognitive structure
of the home. Individuals' factor scores were related to the -

manual maps.

To date, the best representative selection

of literature on cognitive mapping occuhs in Image and Environment
(Downs & Stea, 1973) ‘The'book'contains a numbeh of "historical
m11estones" in cogn1t1ve mapp1ng literature. Each major section of
the book also presents a d1scuss1on ‘of other relevantvworks not

jncluded in the book.-

Although Image and Environment does not .

' conta1n some- of - the more recent works in the f1e1d, it does represent
one of the f1nest and most comp]ete rev1ews of cogn1t1ve mapp1ng
literature. Indeed, it is d1ff1cu1t to undertake a review of 11terature
on this top1c without subconsc1ous1y fo]]ow1ng the format outlined by |
Downs and Stea. " The on]y cr1t1c1sm which could be made of this book 1s
~.that it does not attempt to present an overa]] ‘theoretical framework
for the 11terature which it conta1ns Downs and Stea counter this cr1t1c1sm
in the1r preface by stat1ng that they "were- more concerned w1th
. content areas than with the presence or absence of a theoret1ca]
‘statement. (p. xiv.)." It wou]d appear, however that if such a
statement already existed, it wou]d have been 1nc1uded, at 1east as
~ one of the many readings. To say that the1r work lacks -a comprehens1ve
' framework is perhaos a commentary on the state of the d1sc1p11ne,

rather than on Downs and Stea.
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2.0 . METHODOLOGY AND PROCEDURES

This chapter provides a detailed outline
of the research design including sample selection, interview procedures,

questionnaire design, psychological tests, and statistical techniques.

2.1 Design Overview
| A total of 70 families agreed to participate
in the experiment. Evéryone in the household over the age of three
was asked to draw a f]oor plan or map of his home. AIl1 homes had

identical floor plans.

Members of the family were divided iﬁto
two groups-- adults.and chiidren. An adult was'defined'as a person.
of age 14 years or older. The reasbn for this age designation will
be explained in more detail later. It can be said now, however,
that in terms of'Spatia1 aptitude.a 14 year old persdn is considered..

psychologically equivalent to an adult.

The adults were asked to complete:
1. A free hand floor plan of their -home.
2. A graphic ability test.

3. A spatial aptitude test.
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4. A questionnaire containing background information and socio-
economic data as well as a semantic differential designed to

determine their attitude towards their home.

The children (less than 14 years) were

asked to complete:
1. A free hand floor plan of their home.
2.  The Goodenough-Harris Draw-a-Man Test.

For the adults, the manual map of their
home was digitized to producé "XY" coordinates for each wall
intersection. The lengths of all walls and areas were subsequently
reduced to ratio measures using psychometric statistical téchniques.
Simply expressed, this procedure converted everyone's drawing to a

common and comparable scale. Differences were then calculated between:
1. The subjects' ratio and the real ratios from the building plan.
2. The subjects' ratios and the mean ratios of all the respondents.

In effect, these difference scores measured,
for each manual map, the deviation from the real world and from the _

world as generally perceived by the respondents.

These difference scores (amount of error)’

were then used as input data to the statistical analysis performed with
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the spatial aptitude scores, graphic ability scores, other variables
taken from the questionnaire and factor scores from the semantic

differential.

- - - Other data were taken from the manual
maps and included in tpe statistical analysis of variables. These
other data were more qualitative in character and included a quality
rating ‘score’ for-each manual map, the number and types of errors .in

the map, and additions or anomalies in the manual maps.

Figure 3 is a schematic diagram il]ustratihg
the inter-relationship among the various data used in the adult

section of the dissertation.

For the children, it was not possible to
digitize themanual maps. Most draﬁings, especially for the younger
children, were so distorted that it was difficult to recognize them as
houSe'plans-let a]one;treat them quantitatively. Instead, all the.
chi]dfen's drawings were_ranked independently by four separate judges.'
The avérage rank was then used as input fnto an analysis containing
data on.ﬁhronologica1 age, mental maturity, graphic ability, and- .

qualititative data derived from the drawings.

Pre-Test
A pre-test of 15 families was done prior to
the main experiment to train in the use of the various tests and to

minimize any difficulties which might arise in the research design.
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The data from these interviews were not used in the main analysis as
the homes in the pre-test had different floor plans from those in the
main expériment. The homes were also in a different geographical area
and were considerably newer. The main purpose of the pre-test was

to test the Fesearch instruments,’detérmine the average length of

time to do an interview, determine the order of tests to be done, and
provide experience in the handling of both adults and children in a
test situation. Several minor fests were run to investigate possibie

sources of error.

_In the finé] experiment all manual maps
were drawn on standard 8-1/2 by 11 paper. In the pre;test several
sizes of paper were triéd, with no noticeab]edifferEnCe'in results,
excepf.that large pieces of paperwere harder to handle. No noticeable
difference in the pre-test results could be found between subjects
completing their haps while in the kitchen or while in the living
room. In the pre-test subjects were asked to draw two floor pians, one
”at the beginning and one at the end of the intérview. Although there
appeared to be a learning experience with practice, the difference in
scores was not significant. In several instances the scores on the second
try were worse as the subjects seemed fo tire or.did not see the point.

and failed to give the second effort as much concentration as the first.

Subjects in the pre-test had moved into their

home in a housing development within a year of the study. The developer
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of the housing subdivision provided an introduction to each of the
home owners. This also differed from the main eXperiment where each

owner was contacted'by Tetter and telephone.

Sample Selection

The selection of an adequate sample was

difficult. The criteria set for the sample was as follows:

1. A1l homes had to have identical floor plans.

2. | The total number of homes had fo be large enough to draw a

workable sample.

3. Three bedroom homes were desirable so as to ensure a large

population of children.

4. Homes had to be of slab construction (no basement) as vertical

separation of rooms would be more difficult to handle.

5. Homes had to be at least 10 years old so that length of residence

could be tested as a variable in cognitive perception.1

: "Hé]p was given by the Central Mortgage and
Housing Corporation, Regional Office, and a number of 1oca1 builders
and developers in the Metropo]itan area to locate a sémp]e of the

desired homes. Several housing-developments were examined with the

]An a priori cons1derat1on in the research design was to include the
1ength of residence as a possible variable influencing cogn1t1ve

mapping.
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final choice being a group of homes which met all the above criteria.
The homes in the sample are J.S. Wood homes built in 1958-59 in the
Pigott-Mowbray area of Richmond. Mr. Wood was kind enough to identify
the Tocation of the houses as well as to provide a copy of the floor
plan. Figure 4 i]]ustrates the builder's floor plan. All the homes
are three bedroom bungalows of 1,310 square feet and all have identical
floor plans. In total it was possible to idenfify 302 houses of the
same type. Although there are more homes in the Metro Vancouver area

it is extremely difficult to find them.

= o smmens oo oo Acsearch of all Richmond building permits
since 1958 revealed that 132 of the original 302 had been structurally
altered ehough to change the floor plan. Although this number may
appear high it must belremembered that these hdmes have no basement :: :=
so that storage and utility space is very small. The most common
practice has been to.append a utility room, covered garage, etc. to
= therside or-back of:the house "and-to knock down an.interior wéi] next
to the kitchen to form a dining area out of the small utility room
already in the house. This appears to have been a very common practice;

with one builder doing at least 54 homes in this manner. R

Subtracting homes with altered house plans
left a total of 170 possible sample households. This number was
enlarged by eight to increase the possible sample to 178. These eight

consisted of new residents who moved into the hduses sampled dUring_the
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1972-73samp]e year. This méant it was possible to sample the same
house twice but with two different households. Because of'rejections

this actually occurred only once.

When all the possible sample homes were -
jdentified, names of the occupants were obtained through the City

Directory, voters' lists, and the Municipal Assessment Department.

Letters were sént to each occupant asking
if they would participate in a housing study being conducted by the
University of British Columbia (see letter Appendix 1). Postcards
were.included in each letter with instructions to return the card if
the person did not want to.barticipate, otherwise someone»would phone

him to set a suitable time for the interview.

Table 1 illustrates the actual household
sample through the two sampling seasons. Interviewing was suspended
during the .summer because of an,exfrehe1y high rejection rate. Many
valuable samples were lost pridr to the suspension of sampling during

the summer of 1973.
A brief explanation of each category follows:
decline - respondents who did not wish to participate.

accept - respondents who were interviewed.
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reject - interviews which could not be used (house plan altered
without permit, incomplete interviews, did not or could not follow

interview instructions).

unavailab]e - could not locate resideht or resident did not have

1isted phone number.

TABLE 1
HOUSEHOLD SAMPLE
Sample Year

1972-73 1973-74 Total
Decline | 52 : 47 99
Accept 32 38 70
Acceptance Rate 38.1% 44.7% 41.4%
Reject | 2 3 5
Unavailable - 4 4
Total 86 92 178

In total the 70 households have yie]déd
222 valid respondent samples. 'Only five interviews proved to be totally
unusab]g or not valid. Thié means that there was an éverage of 3.17
respondents per household. In the majority of cases all family membeks
participated, with the most'generaleXCeption being high school children

who were attending activities during the time of the interview. It
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was frequently very difficult to schedule interviews so as to fit
households with several children. . The largest single household sample

. was nine.

S e Theif01loWing table (Tab]é 2) outlines
the number of respondents by sex and test categofy. A brief outline

of each category follows:

1. Adult Male Head-of Household - usually the husband.

2. Adult Female Head of Household - usually the wife (includes all

married women). : - : et

3. Male Child - child less than 14 years of age.

4. - Female Child - child less than 14 years of age. B

5. Other Male Adult - any household member 14 years of age or over

but not head of household.

6. Other Female Adult - any household member 14 years of age or over

but not head of household.
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TABLE 2
RESPONDENT SAMPLE SIZE
‘Number Percent

Male Head (Husband) 61 27.5

Female Head (Wife) | 70 31.4

Male Child 34 15.3

Female Child 23 10.4

Male Adult - 17 7.7

Female Adult 17 7.7

Total | 222 100.0

There were nine more female heads (70) than -
male heads (61). This is due to the fact that there were 2 divorced,
]'separated, 1 widowed, 2 single, 1 husband not home at time of test,
and 2 female heads who could not be classified. The 2 single are

spinster ladies of 67 and 73 years of age.

The original goal had been to secure 100
household samples, but unfortunaté]y this could not be done. The
number of homes with altered floor plans out of the original 302 was
almost 44 percent. Qf the remaining valid sample, the acceptancé rate
of 41 percent was too low to achieve the goal. Considering the fact )
that it was often difficult to get families together at one time,‘and

‘that no financial remuneration was offered, the acceptance rate was

" quite high.
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In the types of statistical analysis that
were performed, mainly correlation and t-test, the sample sizes were
'1arge enough to prdduce valid results. In the factor analysis that
was performed there was a total of 165 subjects with 25 work pairs
each. This sample size was sufficiently large to return reliable

results.

It must also be remembered that the sample

- was not collected to be representative of the population as a whole;

it was not an attitude 6r opinion survey. In terms of normal samples
for psychological experiments the total of 222 subjects is much higher

than most.

Interviewers and Setting

A total of four interviewers were used.
Table 3 indicates the number of interviews conducted by each person as

well as the percentage of total interviews.

TABLE 3
NUMBER OF INTERVIEWS BY INTERVIEWER
Interviewer Number Percéntage of Total
" Rothwell .22 . 31.4
Caviglia 29 | - 41.4
Clarkson 18 . 25.7
Gill 1 _ - 1.5
'Tota] 70 100.0
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A1l the interviewers were trained by
myself. vL. Caviglia worked in the 1972-73 sample year while

v The training

J. Clarkson worked in the 1973-74 sample year.
. sessions for the two interviewers consisted of a thorough briefing
and their attendance at two interviews before they proceeded on
their own. In the first of these two interviews, they merely
observed. On the second, they conducted the session with myself
in‘attehdance as an observer. A serfes of telephone call backs for

every fourth household was also initiated to ensure that the interviewer

was courteous and that instructions were followed.

To test whether the inyestigatdrs had
different effects upon the research reSd]ts, a correlation analysis
was performed betweeh,the interviewers and all other hdmerica]
variables. Except for one instance, there was no significant correlations
(a = .05) between the interviewers and other variables. The only
“~variable which seemed to befreleted to the interviewer was the
respondent's occupation (« = .03). A cross tabulation of results
indicated that Rothwell had a propensity for lower job status respondents.
One possible exp]anation‘fok this was that since I made. the telephone
calls to set up the interviews and assigned the person to do the

" interviewing, I somehow allotted myself more low job status people.

1 W. Gill, a geography graduate student, who was familiar with the
~ research design, was able to fill in on one occasion.
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This may be due to the fact that when I perceived that the interview
might be difficult (i.e; the respondenf was reluctant to participate
or seemed not to understand what was being asked) I took the interview
myself. When people were friendly, open, and cheerful over the
telephone 1 usually assigned another‘interviewer. It may be possib]e'
then, that persons of Tower job status respond differently over the

telephone for requests to participate in research experiments.

’EXCept for the single anomoly of occupation,
none of the variables was influenced to a significant degree by the

interviewers.

. The interview setting was in the respondent's
home, with the 1living room (90 percent) the usual 1ocatﬁon. .An attempt
was made early in the research design'ﬁo have respondents gather at
~a neutral location but this proved infeasible. The pre-test indicated
that there was no difference between the living room or kitchen in
jntervjew.setting. Final analysis also indicated that even_thoqgh
most respondents were iﬁ the 1iving room, the.kitchen was generally
drawn with less error. Although it can be argued that there m{ght
be a difference if the respondents were in a neutral setting, the

experimental situation was uniformly consistent for all subjects.

 On a theoretical basis, it should be
pointed out that the interview setting for other cognitive mapping

studies is usually located within the area being mapped.‘ It should
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a]soLbe noted that the manual map of tﬁe house is not simply a

visual perception. The home environment is so constructed that it
"cannot be apprehended at once". In the interview Situation very

few subjects 160ked up to guage the size of the'room and none got

up to walk around and refresh their perception although they were not.

told to refrain from this.

The actual interview lasted between 45
minutes and one hour, although conversation following the interview

sometimes lasted several hours. Each person in the household was

- presented with a clip board containing all the material in the test.-

2.5

2.51

Children were very responsive and presented no problems to the
interview. If the children finished their tasks befbre_their.parents
(which frequently happgned) the intervieﬁer‘wou1d discuss with._ them .. .
what they had drawn and perhaps ask them to draw something else.v
Except in one or two instances, all families were very friend]y and
helpful. Resbondents who asked to have their tests returned were

granted their requests after the tests were marked and photocopied.

A Statistical Note

Data constraints. The data contained in

this dissertation are at all four levels of measurement:
1. nominal: sex, handedness, etc.

2. ordinal: income, education, etc.

3. interva]ﬁ age, spatial aptitude, etc.

4. ratio: ratio measurements of walls and floors.
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It was therefore, frequently necessary>to
employ non-parametric tests of association and significance. Even
when interval and ratio data were used, tests for norma]ity] in
distribution revealed that some variables did not meet the assumptions
of parametric tests. Parametric tests were emp10yed only Where

the data permitted.

Because of the nature of the data (several
levels and non-normal distributions) it was not possible to use
tests of analysis of variance. Unfortunately, a non-parametric
analysis of variance employing several levels of data has not yet
been discovered. Multiple correlation (for non-interval data) was

another analytic tool which could not be used.

For the most part, analysis of data
consisted of various forms of correlational analysis and t-tests
(or the'non-parametric t—test.equivalent, the Mann-Whitney U Test).
The following table (Table 4) names‘tﬁe various correlation |

coefficients and their tests of significance:

L Tests for normality were tests based on skewness and kurtosis.
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CORRELATION COEFFICIENTS AND SIGNIFIANCE TESTS
FOR DIFFERENT LEVELS OF MEASUREMENT

33.

Data Level Test of -
of Measurement Coefficient Significance
Interval-Interval Pearson product moment
coefficient (r) F-test
Interval-Nominal Correlafion ratio (B)_ F-test
Interval-Ordinal Jaspen's coefficient of
: multi serial correlation (M) F-test
Nominal-Nominal Guttman's symmétric
' coefficient of predict- '
ability (\) Chi-Square
Nominé]rOrdinal Freeman's coefficient of
' determination (©) Chi-Square
Ordinal-Ordinal Goodman's and Kruskal's
: coefficient of Eank Test of
association (G) "G=0

It should be noted that the above correlation

coefficients are not tests of association which are numerically

equivalent.

For example, a Pearson r of .90 will not be equivalent

to a Jaspen's M of .90. The only way to compare the actual

coefficients is through the various tests of significance.

Because

- the reporting of actual coefficients tends to be miS]eading, only

the results of tests of significance will be given (except where

otherwise important).

2

! See Freeman (1965) and UBC CORN (1973). .
Similar to Spearman's r. but easier to calculate for ties.



2.52

34.

Unless otherwise stated the level of
significance has been chosen to be @ = .05. This will ensure

that the relationship between variables is statistically significant.

In almost all instances, the lower the
Tevel of analysis (i.e. nominal-nominal being the lowest and
ratio-ratio the highest) the greater the loss of information
and thus the greater the risk of overlooking significant |

relationships among variables. The analysis - therefore runs the

. risk of omitting some relationships which might exist but are

not revealed because of the manner in which the data were measured.1
It does have the benefit, however, of indicating that those variables

which are shown to be inter-related are, in fact, significantly so.

Reliability. Reliability refers to the
accuracy of data in terms of stability and repeatability.
ﬁeiiabi1ity has been defined as ”fﬁé ratio of‘fhe true score
variance'to the‘variancé in the scores as bbsefvéd (Helmstadter,
1964, p. 61)." Where applicable such methods as test-retest,
parallel form, sp]it-ha]f and Kuder-Richérdson techniques are used
and'repérted. Reliability of pub]ished tests (spatial aptitude,

graphic ability, and Draw-a-Man) wi]]vbé reported from the test

manuals.

1 Variables like sex (male-female), however, cannot be measured
other than at a nominal level.
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‘Validity: Validity refers to the extent
to which the instrument actually measures what it is designed to
measure. The validity of an I.Q; test, for example, is that it
measures intelligence. In a sense then this entire dissertation
is ah attempt to determine the validity of manual maps as a
measﬁre of cognitivé maps. Other researchers have relied upon

face validity (Helmstadter, 1964, p. 89) stating that a cognitive

map exists when the individual behaves as if the map exists, i.e.
because we can draw manual maps, cognifive maps must also exist.
A more complete discussion of validity in manual maps will follow

in a later section where there are statistics to verify the analysis.

The validity of published tests will be

reported from the teét manuals.

Sources of error. Despite the most
rigorous research designs there is always some error introduced

when reactive {as opposed to'unobtrusive)measures are used. Webb

et al (1966) classify four types of error resulting from the

respondent:

1. Awareness of being teéted..
2. Role selection.
3. Measurement as an agent of change in the subject.

4. Response sets.
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Except for the first error type, it is
difficult to'imagine how these errors could influence to any great
extent the results-of the experiment. To.help reduce the first
error - awareness of being tested - interviewers were instructed
to engage in a period of conversation before the actual eXperiment
to help ease any tension. The first few questions of the first
questionnaire were very easy, some having the sole purpose of

getting the subjects into the right frame of mind.

Error can also be introduced by the
jnvestigator. There is overwhelming evidence that a large number
of biases are introduced by the interviewer (Webb et al, 1966).
In the pkesent study,'however, the correlation analysis indicated
that investigator error did not vary significantly among the

interviewers thus indicating ]1tt1é influence on the data.

Adult Daté

This section discusses each of the four
data sets that wére used in the experiment. Each data set is dichssed
in the order in Which'it was complted by the respondents. Each data .
set is in turn discussed in two sections, the instrument and the

analysis.

Housing attitude survey. The Housing

Attifude Survey as shown on the following pages is identical to
the one presented to the respondents. There are four basic groups

of variables:
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'HOUSING ATTITUDE SURVEY

university of british columbia

FOR OFFICE USE ONLY

DATE R ao IO

TIME __ I ~ SID DDDD

INTERVIEWER 2o .. .. RS [] . o]
* COMMENTS _ | : r O MQ |

s O  wO

1. How long have you 1lived at your present address? years,
2. How many times have you changed your place of residence in the last
]0 years?
3. How do you feel about the amount of 11v1ng space in your present res1dence.
It is:
a. much too sma11 N =
b. small but adequate enough (o I
€. Jjust right 0
d. more space than really needed a

- = If -you-answered:- ax "much too- sma11":- which rooms in particular do you -: -
find too small?.

4. Are you satisfied with the arrangement of rooms in your present home?
a. yes O ' '
b. no O

5. How many bedrooms would be adequate for your family?

6. Do you feel you are‘getting your money's worth out of your present residence?

a. yes D
b. no g -
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38.

From what you have learned and exper1enced about housing, what do you: feel
are the most important considerations in choosing a home?

In comparison to other places in the ‘Lower Ma1n'|and how would you rate your
neighborhood as a place to live:

excellent a]
very good m]
good o
fair (m]
poor o

Do you anticipate moving within the next two years?
a. yes o '
b. no O

We would Tike to know how you feel about your present house. For each of the
following pairs of words, mark on a scale of 1 to 7 how the words best describs
your feelings toward your home. :

12 3 4 5 6

good —_— e bad
dirty. B — _ — e — clean
Tight —_— — e— — —— e e dark
empty —_— e full
complicated —_— — e e simple
gloomy . —_ —_— — e — — bright

- cramped _— e o e e e e roomy
private —_— — — —_— — — — public

. peaceful — e e e e e . —...disturbing
dangerous —_— e safe
depressing — e happy .
feminine —_— e e e —— masculine
warm _— — — — — — — cold
dull - —_— e e — —— interesting
hard - — _ e — = e e soft
unusual P conventional
formal : —_— — — —— — — - informal
forbidding —_ — — e welcoming
Tight —_— o — e — heavy
invigorating —_— — — — — — — boring
small — e U7 e e e e large
open — e i e closed
discordant —_— et — — — — — harmonious
substantial —_ i e e e — — - thin
ordinary —_— e e — e — — " imposing
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At this point we would like to ask you a few quest1ons about yourself so that we

can properly classify our 1nformat10n:
1.
12,
13.
14,

~ Age

Occupation

Your father's occupation

Education (check highest level)

Grade School ) University Technical Training
Grade 1 O .Grade 8 O Years 1 DO Years 1 O
: 2 0O 9 0 2 (s] 2 0O
=3 0 10 0 3 o 3 0O
4 O 11 o 4 O 4 D
5 0O 12 0O BA, BSc ] Diploma O
6 O 13 D MA, MSc o Other
7 D PhD o - T
Other

The following two questions need Qn]y.be answered by the head of the household.

1.

16.

A - OO T

o BhWw N
] * o )

Income (total family income)

less than $4,000
$4,000 - $6,000
$6,000 - -$8,000
$8,000 - $10,000
~ $10,000 - $15,000
$15,000 - $25,000
'$25,000 - $50,000
more than $50,000

Dooooooo

First name and ages of children Tiving ét home.

Name

Age

—————
—————
—————

————

Grade

—————————————
—————————
———————————
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Unobtrusive variables such as handedness, eye glasses,

. nationality, marital status,-diffichlty with interview,

© " etc. were recorded in the "comments" section of the first

‘ pagé.' The SID number on.the fikst page identified the
respohdent's'sex and position in the household (huéband,fwife,

child, and other relatives).

Questions 1 to 9 are general background‘variab1e$ desighédv
" to collect information and to get the respondentvih‘the right
frame of mind. Most of the qugstions also appear in Sanoff

and Sawhney (1971) and Sanoff et al (1971).

Question 10 is a;semantic’differentiél desfgned to determine

- the cognitiye structure of the respondents' attitudes toward

their home. The actué] adjective word pairs'used in the
questionhaire were takéh from a study by Honfkman_(1971)! ‘

- Although there were a number of studies from.whiéh to bbrrow
'a'seﬁantic Sca]e for érchitéctura] structUrés1, thikman's paper.
'offered the advéntage that the semantiCISCa1e had”been used . B
in a study on living rooms; Théré wds;.therefore, ihe Oppoktunity
to'cdmpare the factor structure of anikmanﬁs study witH the:

- factor structure in the present experiment.

Questions 11 to 16 dealt primarily withfsocio-eéonomic variables.

o

1 see craik (1968), Co111ns (1969), Canter (]969), and
Hershburger (]970)
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Because of the method of response for education and income

categories, these variables were treated as ordinal variables

Analysis (except for the semantic

-differential) consisted-of calculating correlations between

each variable and all other variab]es‘in'the study. Descriptive

statistics (means, standard deviations, medians, distributions)

"and-cross -tabulations-were completed as a matter of course.

The semantic differential was analyzed
using a principal axis factor model with varimax rotat1on (uBC FAN).
As will be seen . in the next chapter the program extracted three
unrotated factors with eigenvalues greater than one. The |
respondents' factor scores on each factor were then calculated
and eorre1ations were performed between'the factor scores and all

other variables.

‘Manual maps. The.menual maps or floor
plans were very simple in concept. Each adult was asked to make

a free hand drawing of the floor plan of his home. He was told

-~ that it was a very important part of the study and therefore to ---

draw. it the best he could trying to put the rooms in the right
location and of the correct relative size. It was also stated
that doors, windows, and furniture were not fequired. There was
no time 1imit and respondents could try as maﬁy times as they

desired.
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Although the instrument was simple the

analysis is complicated. The basic concept relies on a psycho-

physical technique known as ratio estimation.

In ratio estimation "the subject is: : .
instructed to adjust a variable stimu]us_so that it appears
subjectively équa] to a certain fraction of the standard
(Ekman, 1958, p. 287):" A common practice in subjective distance

experiments is to have the subject mark a line so that it is

proportional to a line representing a fixed distance.

Ratio estimation_isla standard technique
used by both psychologists And geographefs in studies on cognitive.
perception of geographic distances]. Recent Ph.D. theses in
geography employing this technique are Louviere (1973) and
Cadwallader (1973). -

The usual method of ratio estimation
involves the matched pair comparison of two distances (i.e.
perceived distance and a standard distance). Earlier research

(Rothwell, Bottomly and Forbes 1971) indicated that subjects could

! See Lee (1970), Golledge, Briggs and Demko (1969), Kunnapas (1960)
Ekman and Bratfisch (1965), Bratfisch (1969), Lowerey (1971),
Briggs (1969), Teghtsoonian (1971), Cadwallader (1973), and
Howard, Chase and Rothman (1973).
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. estimate'six distances simultaneously with high reliability. In
this experiment no standard distance was given as the subjects
merely marked on a line the'distance between themselves and a group

of targets.

Research by Howard, Chase, and Rothman
(]973) employed the simu]taneous ratio scaTing of eight geographic
‘points. This'reseafch-is;interesting in_the-fact that subjectS—iAiA~
"were asked to draw a partié] map of the environment which would
indicate the location, shape, orientation, and main door (if
relevant) of the eight points which were listed for them (p. 258)." .
This is very similar to the maps in this dissertation except for
the fact that the subjects (in Howard et a1) "were given a
“‘reference line representing the distance between points 1 and 5
(b. 258)." This research would also seem to indicate that the
general method of using manual maps in a ratio estimation technique

may work in a broader environmental setting.

This dissertation also employed ratio
estimation. The walls depicted in the manual maps were treated as
subjective distance estimates. The resbondents supplied their own

reference line in the form of the outside walls of the housel.

1 An earlier experiment (Rothwell, 1970) was conducted to determine
if subjects could complete the interior walls of a building more
accurately if they were supplied with a scaled outline of the
exterior walls than if they drew the whole building free hand.
Results indicated that there was no significant difference between
the groups although the group supplied with the outline had more
error than the free hand group.
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Although the actual measurements were made 6n individual walls,
when the drawing was completed it represented the entire cognitive
map of the house. This, of course, was the advantage of the research

design - the number of possible measurements was finite.

Figure 5 is a schematic diagram of the
“sample house. This diagram was used in the process of digitizing
and .coding the data. Each of'the 24 wall intersections was labelled
with a letter (A through X). These letters were used to designate
the XY codrdinates when the manual map was digitized. A1l walls
could then be described using the 1efter designations of the
intersections, for example the bathroom walls were BC, CG, GF and
FB. A1l rooms in the house were given number designat#ons 2 to
10 with the  number ] reserved for the whole house. Appendix 2. -
gives a complete list of all wall designations and room designations.

There was a total of 41 discreet diétances and 10 areas.

The ultimate task was to convert the free
hand drawings to error measurements. Figure 6 outlines the tasks
involved in the conversion process. Each step inthe process will

be described below:

1. Intersection Designation

The intersection of -each wall with all others had to be marked
and identified with a letter. The Tocation of the intersection

point was sometimes a matter of interpretation, especially
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FIGURE 5: Schematic diagram of house floor plan
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when lines were not joined or corners were rounded. The

following criteria were established for subjective judgements:

a. Where walls did not join, the lines wefe continued by the
marker in the same direction as the subject until an

intersection was formed.

b.  On rounded corners any marked deviation inthe direction of
the curve was considered a corner, or for symmetric curves

the center of the arc was chosen.

Of the approximate 165 maps procéssed], about 50 percent were
marked by myself and the other 50 percent by Mrs. C. wbod. To
defermine the amount of subjective error which might occur, 51
maps (31 percent) were processed independently by both markers.
When digitized, there was a mean difference between the estimates
of .042 inches (s.d. .007) on 1,224 simulatenous Observatfonsz.
_-The-dffferences were normally distributed about the meaﬁ.' The

average manual map had 46.74 inches of line.

1 A small number of adult maps (17) could not be digitized

because of gross errors.
2 " Actual digitizing tolerance by eye is sma]] .001 1inch.
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Error, if accumulated on all 24 points, would represent only

. 2.4 percent of this total line length. Because error was

Distributed normally about the mean, it would not have a
cumu]ativé effect. Some error would therefore balance out

the other produéing an average error of less than 2.4 percent.

Digitize XY Coordinates

The UBC Gradicon digitizer was used to produce XY coordinatés
for all 24 wall intersections. The accuracy of the digitizer
is .001 inch or about the 1imit of the human éye to detect

differences in location.

Calculate Distance and Area-

The XY coordinates were stored on a cassette tape. A Wang 600 -
was programmed to calculate the 41 distances and 10 areas frova
the coordinates. The algorithms to calculate distance and area
from polar coordinates were those given in Davis et al (1966,

p. 483).

Calculate Distance and Afea Ratio Scales .

~~The purpose of this.calculation was to standardize the distances

and areas so that all maps were equivalent to the same scale.

The methodology for calculating the geometric mean ratio-sca1e;

Ri, (of any wall or area) is described by Ehman (1958). A

-matrix is constructed in which any cell contins the ratio of

i

the value of the row, Rai, to the value of the column, Raj.
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The row and column values were the 41 distance measurements
(for distance ratios) or 10 area measurements (for area
measurements). The sums of any row, ri, and any column, .

cj, are given by the equations:

ri = Rai Z (1/Raj)

cj =(Z Rai_)/Raj

The ratio scale of any single distance or area is then

‘calculated by Ekman's formula 14:

Ri =‘/Zri/2ci

The ratio scales for 41 distances and 10 areas were calculated

for all manual maps.

Calculate Ratio'Scales for Builder Plan

)

In order to compare the true distance to subjective distance
(i.e. cognitive map to the real world), the equivalent ratio
scaies for all walls and floor areas were calculated for the

building plan.

Ca]Cu]ate Mean Ratio Scales

In order to compare individuals' manual maps to the group of
respondents as a whole, the mean ratio scales for a11 walls

and areas for all subjects were calculated.
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ba. “Calculate Difference Between Individual Ratio Scales and
. Mean Ratio Scales - i}

To determiné the deviation betWeen individua]é and the norm, o
“the absolute d1fference between 1nd1v1dua1 and mean rat1o sca]es’

" was calculated to produce a mean rat1o error (MRE) for each

individual. The MRE was the sum of the absolute differences
on each wall and on the whole area of the_houee;. MRE figures

were also calculated for each room.

6b. Ca1cu1ate Di fference Between Individual Rat1o Sca]es and
the True Ratio Scales - _ . ‘

The same procedure was followed as above to produce true ratio

- error (TRE). (For.detaiied eiamp]e see Appendix 8.)

The output of this exercise produced;:forbl
each subject, MRE and TRE figures for the total house and nine

-rooms.

A brief mention shou1d be’made about‘codable
responses. If an 1nd1v1dua1 om1tted more than two walls from his
drawing, the map was des1gnated as non- codab]e and not d1g1t1zed

There were 17 or 10 3 percent non- codab]e adu]t manual maps

There were many individuals who om1tted a
wall. In fact 64 2 percent of subjects neg]ected to draw the wa11
VW (see F1gure 4) wh1ch was a short wall produc1ng a small- "L-shape"

in the living room. The frequency of wall omissions is shown in
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Table 5. 'A]thpughﬁother walls were also omitted, this only

occurred in non-codable maps.

TABLE 5
FREQUENCY OF WALL OMISSIONS
Percent of
Wall Subjects (N = 148)
VU 64.2
NR 7.3
uv 3.2
BC 0.7
FG 0.7

This omission of walls, however,
necessitated the use of a correction factor in the ratio measurements.
A missing wall did not invalidate the ratio scales (the matrix was
402 instead of 412) but did tend to produce relatively lower ratio
scores depending upoﬁ the length of the wall. Of course, for the |
true builder's plan, the sum of the ratios equals 41. To account
for missing walls, correction factors were calculated for any single
wall or combination of. two walls. Each ratio scale for the walls
fhat were dréwn was then multiplied by the correction factor to make
it equivalent to the case where no walls were missing. The ratio
‘scale value of the missing wall was zero so that the MRE or TRE for

the wall was, in fact, the value of the mean ratio or true ratio.
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In addition to MRE and TRE values, other
. data were also extracted from the manual maps - quality rating,

errors, and additions and anomalies:

1. Quality Rating

After extensive study of all the manual maps, it seemed possib]e.
to categorize them'according to the "quality" of the drawing.
There is no objective definition of quality here. Rather,
quality seemed to mean the ability to graphically portray a
floor plan. Quality ratings were assigned on a four point
scale: non-codable (1), poor (2), average (3), excellent (4).
Appendix 3 illustrates actual floor plans which fall into these

categories.

Since I was the'only person to subjectively determine quality
there is no available method of checking the re]iabi1ity of
this measure. When the quality ratings were correlated against
all other variéb]es, however, the analysis tended to reveal my
own biases in the rating of quality in manual maps.‘ In some

ways it acts as a measure of my objectivity.

2. Errors
In addition to the missing wall code], a binary code was

established for drawings which did not have corners joined.

! Missing Wall code 1 = none, 2 = VW
d

NR, 4 = UV, 5 =VH
and NR, 6 = UV and NR, 7 = BC an = non

non-codable.
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Additions and Anomalies-

, Sincé the subjects were given a blank piece of paper, théy could
draw their manual map in any.orientation they wished. Subjects
were also asked to write the names of the rooms on their map.
From thfs the orientation (i.e. map drawn as if the person was
looking towards the street, or drawn as if the person was 1ooqug
tbwards the backyard) of the manual map was coded. If the subject
indicated which bédroom was theirs, the number of the bedroom

was coded. Although respondents were told that doors, windows,
and furniture were not'necessary, almost all included

additional information. It appeared from subjective assessment

- that subjects who had better qu&]ity'draWings also had more |
additional information on their map. This hypothesis was
examined by coding the presence of any additional information.
This data had a simple nominal code - present/absent.; If there
was any indication that the subject attempted to draw a certain
thing the variable was coded és present. In the adults' manual

maps the following additional items were observed:

kitchen table

- doors 7 7 = -refrigerator -

- closets -~ - furnace - steps

- bath tub - washer | '~ bathroom sink
- toilet - dryer - windows

- kitchen sink - kitchen counter - fireplace

- Stove
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{

Appendix 4 presents manual maps which contain some of the

above items.

In summary, then, the data obtained from the

manual maps were:

MRE and TRE values for:

1. the total house 6. utility

2. bedroom A 7.  bedroom J
3.  bathroom 8. bedroom N
4.  kitchen 9. T1iving room
5. storage 10. hall

quality ratings

errors

additions and anomalies.

Graphic ability. The object of this test
was to gain some measure of the subjects' eye-hand coordination
and facility with a pencil. Although there are several manual

dexterity tests available (for example, Bennett Hand-Tool

»Dexterity Test, Stromberg Dekterity Test, Crawford Small Parts

Dexterity Tests), these did not appear-to be really suitable.
Various forms of printing tests which measured graphic ability were
also available, but these were designed for small children and

appeared unsuitable for adults.
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The eventual choice was the Lurcat Test of
Graphical Abilities (Lurcat and Kostin 1970). The foi]owing page
(Figure 7) shows the five figures used in the test. Subjects were
,_ihstructed_to reproduce exactly in size and shape the figures they
saw on the test page. No straight edges and no copying were

allowed.

The test was marked by using a transparent
key which was fitted over the figures. Graduated scales on the key
allowed the marker to measure the amount of deviation in both size
and shape tq produce a -total score. Since the marking was a visual - -
exercise and somewhat subjective, two markers were used. Mrs. .C. Wood
and myself marked 50 common tests. A corre]ation'betweén»the.fwo
- sets’of marked scores yielded a significant r value of .97 |

indicating the high reliability of the marking. «

One problem with the Lurcat Test of Graphical
Ability is that it is not a widely used test and most work with it
has been done on French school age children (Lurcat, 1966), although
it is now being used to some extent in the United States (Lurcat énd
Kostih_1970)f Reliability measures take the form of test-retest
and in Frénce have produced”a mean reliability coefficient of .78].,

Lurcat (1966) seems to demonstrate that her test does have predictive

validity, but again this was for children.

! No reliability coefficients for the American tests.



FIGURE 7

LURCAT GRAPHIC ABILITY TEST:
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To obtain some indication of reliability
the Lurcat Test was administered twice to 94 undergraduate geograbhy.
students between the ages of 17 and 49with a week separating the
test periods. A test-retest procedure described by Helmstadter

(1964)'pfoduced a significant reliability coefficient of .89.

| The only type of validity that can be assumed

is content validity. Content validity "refers not to what the test

actually measures, buf what it appears on the basis of subjective

evaluation to measure (He]mstadter, 1964, pQ89)}"‘ "It is of some
importance that the items and the test as a whole appear to be
plausible and relevant to the stated purpose (p. 90)." It would
appéar that the Lurcat test - graphic reproduction of geometric

forms - does at least have content validity.

Spatial aptitude. The spatial aptitude

test used was the Revised Minnesota Paper Form Board Test (1970

“edition) with series AA being used. Appendix 5 contains a copy of

the test.

As a test of spatial aptitude the MPFB has
gained widespread usage in both education and industry. .The |
reliability and validity of the test is well established. An
example of alternate form reliability is illustrated in Table 6
while Table 7 i]]ﬁstrates some test-retest reliabilities for

children as young as 10 years of agé.
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TABLE 6
Alternate Form Reliability Coefficients and Standard Errors of Measurement
for the Revised Minnesota Paper Form Board Test
First Testing Second Testing
Group 2 Series N Mean SD Mean SD 12 SEy®
‘1. Grade 10 and 11 boys AA-BB* 172 439 9.5 47.5 9.3 .78 45 -
(Louisville, Kentucky) MA-MB¢ 175 443 -7.0 49.0 7.5« 73 3.7
2. Grade 11 boys and girls AA-BB: 180 449 8.6 48.2 8.6 .78 4.1
(Salt Lake City, Utah) MA-MB4d 123 449 8.4_ . 471 8.7 a7 4.0
‘3. Engineering students MA-MB¢ 98 486 64 527 62 77 3.1
(University of Michigan)®
4. High school students - MA-MB¢ - 164 49.2 6.4 53.5 6.8 -1 34

» The time interval between tests was from 2 to 11 days for Group 1, and 4 days for Group 2. Groups 3 and 4 were retested immediately.

All testing was conducted in 1969.
bSEM = SD+/1 — ri1z. The SD of the first testing was used to compute th

e SEm.

¢ For some students, the test-retest order was A4-BB; for others, it was BB-AA. Since equivalence of forms has been established (see Table 1),
all data from the first testing were combined without regard to form. The same procedure was followed for data from the second testing. - .
4 For some students, the test-retest order was MA-MB; for others, it was MB-MA. Since equivalence of forms has been established (see

Table 1), all data from the first testin,

testing.
. * Students were 969, male.

f Group 4 consisted of 109 males and 55 females in geometry and drafting courses; 87% of the sample was in Grade 10..

Source: Rensis and Quasha, 1970, p. 13.

g were combined without regard to form. The same procedure was followed for data from the second
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_TABLE 7
TEST-RETEST RELIABILITY COEFFICIENTS
Age at Second Testing]
11 years 12 years 13 years 14 years
- .Age at ' _

First Testing N T2 N T2 N 12 N T2
10 years 109 .87 156 .86 | 135 77 73 .81
11 years . 208 .90 | 210 .85 | 87 .82
12 years 259 .87 91 ..80
13 years , 87 .79

Other test-retest studies on adults have

shown the re]iabi]ity to be equally high.

A great deal of work has a]so\beenAdone on
MPFB validity. The test would appear to have construct, predictive,
and factor validity. Appendix 5 also contains coefficients of
~corré1ation-between fhe-MPFB»and4othér tests as well as coefficients .
of correlation between MPFB and various criteria. It is important

to note that the MPFB has significant correlations with:

1 The terms "first testing" and "second test1ng" are relative only

to the particular correlation being computed.  In actua]1ty, many
children took the test three, four, or five t1mes in the course
of the-longitudinal study.

Source: Rensis and Quasha, 1970, p. 12.
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- intelligence (Wechsler-Bellevue and Standford-Binet)
- numeric ability |

- spatia]»abi]ity

- manua]labi1ity and ménua] dexterity

- clerical ability

- draftfng and design success

- artistic success '

- job success].

Factor analysis of intelligence
reveals that spatial aptitude is consistently among the first four
factors to be extracted in the analysis. Although verbal -aptitude
is generally the first factor, spatial and numeric aptitudeAare

close behind.

The MPFB is a timed test of 20 minutes and
was administered according to manual instructions. There was no
correlation between the interviewer and spatial aptitude scores. .

The test wés marked according to the key provided.

2.7 Children Data

Children Were asked to complete only two

tasks, manual map and Draw-a-Man Test.

1 Job ‘success measure in efficiency, performance, rating of
job success, rank and salary.
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Manual maps:. Instructions to the children
were very similar to those of the adults. They were asked to draw
a floor plan or map of the house. If they did not seem to understand
the interviewer showed them a Tine drawing of a floor plan, saying
"see here is the kitchen, and bedroom, etc.". -They were told that
it was not a map of their home but someone elses. If this approach
did not work the interviewer asked the children to draw a picture

to show where the rooms in the house could be found. . "If I didn't

know where to find your bedroom or bathroom or kitchen could you

draw me a map so that I could find my way." If this did not work
they were simply asked to draw a picture of their housé. A few

refused to draw anything.

.There were six sets of data derived from

the children's manual maps:

1. Rank
Four judges independently ranked the floor p]ans1. The
judges were shown a real floor plan of the house and
instructed to:

rank all of the children's maps into the order which you
think they depict reality.

1 N = 47, 10 out of the 57 either refused to do anything or

drew an outside view of the house.
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Elements of Style:

In the children's drawings there appeared to be certain styles
that emerged. The style types are illustrated in Appendix 6

and described(be]ow:

Some older children used afsketChing'techhique of short pencil

strokes to form a continuous line. Artists frequently use

this style. Thick walls or two dimensional walls was a frequent
occurrence. Here the children did not siﬁp1y put in a Tine

for a wall but showed the thickness 6f the wall. Many drawings
were non-square. The outside walls of the house were not
’straight Tined and rectangular but rather the house was put
‘together 1ike a group of non-uniform b]ocks._vThe other extreme
to this_Was‘the box house where a sqdare or rectangle formed
the exterior Wa]ls and rooms were placed inside this perimeter

1ike Toose blocks. There was also the appended room houses in

which the rooms were drawn.separate]y with no exterior boundary

and connected by lines representing hallways. Some young'

children also had interior side views, which showed one or two
-rooms with doors and furniture. And finally two children who
did produce floor blans, also put a roof in the drawing (so did

one adult, but the response was non-codable).

Errors
~ The wall "NR" seemed to be significant to the children because

it was not perpendicular to other wails in the house. The
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omission of this wall was coded. Missing rooms and rooms out
of place were also coded.

Orientation
" This variable wis“the same"for adults and children except that

the orientation for some children was not evident.

Size of Rooms

" Some children greatly ekaggerated certain rooms, particularly
- their bedrooms and the bathrooms. This was coded if a bedroom
was as large or larger than the 1iving room or was as small

or smaller than the bathroom, if the bathroom was larger than
‘at least two other rooms, and- if the hall occupied about one

fifth or more of the house aréa.

Details
Like the -adults the children frequently included other details.
These were noted and c¢oded 'as with their parents. The following

is a list of details:

- wall VW present - kitchen sink - kitchen table

- furnace - bathroom sink . - kitchen counter
- master bedroom1 - bath tub - beds

- house codable - stove - steps

- doors - refrigerator ‘ - toys

- closets - windows

- fireplace - washer

—

The word "master" written in.
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DraW—aéMan‘Test; The Goodenough-Harris

Draw-a-Man Test (Harris, 1963) was used to determine the children's
mental age and graphic ability. The test isvery-easy to administer.
The child is simply asked to draw a picture of a man. The test takes

only five to ten minutes.

The test focuses on the child's accuracy

= of observation and on- the development of conceptual thinking, rather-.-

than artistic skill. The number of scorable items or points is 73.

Appendix 7 contains a test booklet and short scoring guide. Thé

* <scoringsitems were selected>from a pool of about 100 on the basis -

of age differentiation, relation to total scores on the provisional
form, and relation to group intelligence test scores. RaQ scores
are converted tbﬁstandard<scores with a mean of 100 ahd standard 7
deviation of 15. This means that the children's score is roughly

equivalent to a standard I.Q. score.

Score,reliabi]ities.are usually over .90.
In part, such interscorer agreement reflects the fullness of fhe
scoring instructions and the care exercised in selecting items
that can be scored with a minimum of:unéertainty. Split-half
reliabilities are in the .70's and’.SO's. Retest reliabilities
obtained over intervals as 1ong as three months fall mostly in
the .60's and .70's. Short term fluctuations in performance are |

negligible. Examiner variance has proved insignificant, as has

~ the effect of art training in school upon test scores.
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An alternative way of evaluating performance
utilizes the Quality scale. (Thi§ scale techniqué was not used in
the present research.) These scales substitute a simplified, global
qualitative assessment of the entire drawing for the detai]éd |
point scoring. The score simply chooses one of twelve sample
drawings that most closely matches thé performance level of the
subjectfs product and assigns the scale value of that sample to
the drawing (see Appendix 7).v Interscore rejiabi]ities for the

Quality scales are moSt]y in the .80's.

Harris (1963) summarizes correlations
obtained between Draw-a-Man tests and the Stanford-Binet, WISC,
WAIS, PMA, and a few other intelligence and special aptitude.
tests. Nearly all Fhese corre]ations'are significant and most. .
‘are substantial (éée Appendix 7). The principal evidence for the
va]idit& of the Draw-a-Man Test derives from fhe item analysis

- procedures followed in developing the scales.

In the test, items 63 to 69 can be used as
a}subtest for graphic abi]iiy. Harris says that these items
"concerh the quality of the éhi]d's cohtro] of the pencil. These .
items evaluate the firmness and sureness of line, quality of ]iné
junctidns, corners, etc." These items require'"the'chi1d'§
deliberate direction ofbthe pencil to produce a good form. The
child's work must show that he has exercised control, firmly and

surely. (pp. 262-623)".
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ADULT RESULTS

Results of the adult data will begin
wjth a brief description of the data broken down according to:

’

1. - TRE and MRE scores

- other map data

2. spatial aptitude

- 3. graphic ability

4, socio-economic data.

Where applicable, the data will be

broken down into the categories male head, female head, and others.

Following a description of the data,
various analyses were used to te;t the re]iabi]ity and validity of the.
manual map as a research instrument. The next section contains the -

correlation analysis between error scores and other sets of data

.. (socio-economic, .factor scores, spatial aptitude, graphic ability, etc.)

The final section deals with the bsychophysica] relationships in distance

and area perception.

3.1 Data Description

3.11 TRE and MRE scores. Table 8 shows the

66.

means and standard deviations for absolute TRE and MRE scores for.



TABLE 8

~ MEANS AND STANDARD DEVIATIONS OF TRE AND MRE FOR WALLS BY ADULT GROUPS

1

Total Male Head - Female Head Other
TRE . MRE TRE MRE TRE . MRE TRE MRE
Mean SD | Mean. SD {Mean SD- |Mean SD |Mean SD [Mean SD |Mean ~SD [Mean SD
Bedroom A | .70 .41 | .68 .40 | .69 .33 | .69 .36 | .64 .37 | .61 .35| .84 .46| .81 .4
Bathroom 61 .56 | .58 .55| .66 .78 | .62 .75 | .60 .40 | .57 .42 | .56 .30 | .54 .35
Kitchen 85 .59 | .78 .57 | .83 .69 | .77 .67 | .86 .49 | .78 .47 | .87 .50 | .75 .49
Storage | .74 .32 | .58 .38 | .76 .30 | .59 .40 .73 .23 | .57 .34| .74 .26| .60 .35
UtiTity .58 .43 | .55 .42| .57 .55| .56 .55| .61 .29 | .58 30| .51 .32 | .50 .29
Bedroom d | .75 .38 | .69 .38| .79 .39 .73 .36 .68 .29 | .60 .33 | .82 .32 | .80 .37
Bedroom N | .84 .51 | .79 .48| .84 ..57| .83 .55| .86 .46 | .78 .41 | .82 .32 .74 .32
Living Room| 1.04 .57 |1.03 .56 |1.02. .54 [1.02 .50 [1.09 .54 {1.07 .53 | .98 .50 | .84 .50
Hall .94 .59 | .71 .47| .85 .51| .68 .50|1.06 .50 | .76 .47 | .96 .39 | .82 .37
Total House| 8.52 3.56 | 8.05 3.33|8.48 2.94 |8.06 2.92 (8.76 2.61 [8.12 2.61 |8.12 2.46 |7.93 2.45

]‘Room error is the sum of the absolute error of all walls of a room, total error is the sum of all wall
errors for the house. '

L9



all rooms and the‘tota1 house. For the most part the TRE and
MRE analyses were concerned solely with the subjects' wall
distance error.1 The error in the area of a room was
genefa]]y omitted. This was done because error in area was
found to be a direct Tinear combination of the error in Wa11s.
(This made sense since the.area of a room was defined by the
Wa]]s). To report both linear area and area error would,

therefore, have been redundant.

On the basis of error scores male

68.

‘~household heads produced manual maps which were closer to rea]ityir»

than their female counter pakts. The male heads, however, were

in turn out done by their children. A series of t-tests was

performed among the three groups and revealed no significant

differences in the means. A paired comparison t-test between

husbands and'wives revealed no significant difference in the

means.

The conclusion here must be that there
was no significant difference between male household heads,

female household heads, and others.

A paired comparison t-test was also

performed to determineif there existed a significant difference -

between TRE and MRE values. Table 9 presents the means and

1 Total room error was- the sum of the absolute errors for all

walls of any room.
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significance levels for the absolute total house error,
indicating that there was no significant difference.
TABLE 9

MEANS AND SIGNIFICANCE LEVELS OF PAIRED
T-TEST FOR ABSOLUTE ‘TOTAL ‘HOUSE ERROR ~~ * "~~~ . °

|:Male Head = | Female.Head.|...Other

TRE 8.4795 8.7578 8.1206
MRE 8.0616 8.1246 7.9322
~t.Significance .| . .5182. . .2360 .| . ..7947

The;above_tab1e.is significant. It
indicates that in terms of people's. ability to communicate
cognitive maps of the home environment there is little
differenée between the real world and the world as people
perceive it (i.e;'the norm approximates the real thing).
In this instance, the respondent's error from reality and

error from the norm'were about equal; TRE = MRE.

So far only absolute error has been
examined. Absolute error is the difference between the standard
(truekratio or mean ratio) and the indiQidua] observation,-
regardless of sign. Absolute error is used because it
represents the total sum of all éommitted errors. If relative
error were used the positive and negative errors would tend to

cancel one another out. In the case of absolute error the total
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. average absolute house error of 8.52 represents 20.8 percent

of the summated real ratios (41).

Relative error, however, can be used to
than reality. Relative errors were computed for all rooms for
the three subject groups. A t-test was then performed to |
‘determine if there was a significant difference between
relative error and zero. If there was no error or if a group
was dicotomously sp]it‘the re1ative error wbu]d be zero. This
t-test also indicates the direction of the error. The t-test
revealed that there was no significant difference between the
relative room errors and the mean of zero, except for the hall,
where the significance of the results weré different for the |
various groups (Tab]e 10). It would appear that all groups
perceive the main hall as larger than reality. It is
important to note, however, that the difference was marginal
and occurred only for one room. In Qenera1, when relative error
is considered, TRE = MRE = 0. This also indicates that the

cognitive map is a close approximation of the real world.
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TABLE 10

SIGNIFICANCE LEVEL OF T-TEST TO TEST THE DIFFERENCE
BETWEEN ERROR IN THE SIZE OF HALL AND ZERO

Significance Level

Total

Male Head
Female Head
Other

.037
.057
.024
.031

quality rating for the adults' manual maps.
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" Table 11 outlines the

TABLE 11
QUALITY RATING OF ADULTS' MANUAL MAPS IN PERCENT .

| Total Male Head Female Head. Others

(N=165) (N=61) (N=70) (N=34)

Nqn-codable 10.3 12.8 17.0 4.3
Poor 24.7 23.4 22.6 17.4
Average 52.0 51.1 50.9 56.5
Good 13.0 - 12.8 9.4 21.7

Orientation of drawings appears in Table 12.
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TABLE 12
ORIENTATION OF ADULTS' MANUAL MAPS (percent)
Total | Male Head| Female Head | Other
Wall
AS (towards the bedrooms) 5.7 4.3 5.7 8.7
AE (towards the backyard) 20.7|  42.6 34.0 52.2
SE (towards the street) 46.3 |  48.9 ) 50.9 30.4
* XE (towards the utility room)| 7.3 4.3 9.4 8.7

Other variables from the map which may
appear interesting are the details included by the adults.
“'Table 13 'is a 1ist of these'details .and the percent of times they

were drawn by the total sample of 165.

TABLE 13~

MANUAL -MAP ADDITIONAL DETAILS

Detail Percent Occurrence Detail _ |Percent Occurrence
Doors 81.3 Washer 15.4
" Closets ' 52.8 ° Dryer 14.6
Bath Tub 16.3 Counters 17.1
Toilet ‘ 14.6 ' Kitchen Table| - 7.3
Kitchen Sink 16.3 Steps 26.0
" Stove | 10.6 Bathroom Sink 13.8
Refrigerator | 10.6 Windows . ]9.5
Furnace 57.7 Fireplace '30.9

" 'Spatial aptitude. Table 14 presents the

means and standard deviations for the MPFB test.
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TABLE 14
SPATIAL APTITUDE SCORES]

Mean SD
Total : 39.34 12.91
Male Head 37.70 | 14.00
Female Head : 40.66 12.08
Other 39.65 12.64

A series of t-tests revealed no
significant differences among the groups in their spatial
aptitude. As a whp]e the groUp tested did re1ativg1y poorly.
Their average scores are well below the 50th percentile of all
educational and industrial groups. The others (which are
primarily high school students) score in the 25th percenfi]e for

their particular norm.

- The frequency distribution of spatial

aptitude scores when analyzed proved to be normal.

‘Graphic¢ ability. Table 15 outlines the
means and standard deviations for the Lurcat Test.

TABLE 15

| GRAPHIC ABILITY SCORES®

Mean SD
Total 12,95 6.41
Male Head : 13.15 6.54
Female Head 12.81 - 6.50
Other - n2.87 6.22

1 Higher scores represent a greater spatial aptitude.

2 Higher scores represent a Tower graphic ability.
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Again there were no significant

differences among the group scores. The graphic ability scores

also approximate a normal distribution.

" ‘Questionnaire. The questionnaire can be

broken down into three sets of data - general information,

socio-economic information, and the semantic differential.

1. "~ General Information

The housing development is approximately-
15 years old. The.mean length of residence (8.7 years) and
median length of residence (8.5 years) are very close.
However, the mode of this distfibution is 15:years. ..There.
appear to be two distinct groups - the established group who

1 or more residence,

are still the original owners (14 years
34.2 percent) and the newly purchased-group-(3 years-or less
residence, 23.6 percent). It is also interesting to note that
52.1 percent of the others (mostly high school children) have
lived there 14 or more years. The;community~samp1ed-is~not
very mobile with the average change of residence being two
times in the 10 years and the median being one time (47.2
percent have never moved). Only 8.1 percent of respondents
were left handed, 14.6 percenf wore eye glasses to do the
test, 12.2 percent were non-Canadian, and 15.4 percent in

the opinion of the interviewer seemed to experience some

difficulty in understanding or completing the tasks.

1 Because the sample period spanned two years the-

development was only 14 years old in 1972.



The remainder of the general

information is probably best conveyed by replicating the

questionnaire format:

How do you feel about the amount of 1iving space in your

present residence. It is:

a. much too small : - 16.3%
b. small but adequate enough 43.9%
c. Jjust right 37.4%
d. more space than really needed 1.6%

Are you satisfied with the arrangement of rooms in your
present home?

a. yes 82.9%
no 16.3%

How many bedrooms would be adequate for your family?

(mean 3.1, median 3.0).

'Do you feel you are getting your money's worth out of

your present residence?
yes 95.1%
no 4.,9%
In compdrison to other places in the Lower Mainland, how

would you rate your neighborhood as a place to live:

a. excellent 20.3%
b. very good 44.7%
c. good | 27.6%
d. fair 7.3%
e. poor 0.0%



- Do you anticipate moving within the next two years?

a. yes 13%
no 87%

" 'Socio-~-Economic.

Table 16 illustrates the age

breakdowns for the various groups.
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TABLE 16
AGE BREAKDOWNS OF ADULT SAMPLE

N Mean SD Medfan Range
Male Head 61 | 38.9 | 10.65 39 24 - 71
Female Head 70 37.3 12.17 36 22 - 73
Others - Male 17 18.4 2.31 16 14.- 20
Others - Female 17 19.4 3.45 16 14 - 72

Occupations were coded according to the
Blishen Scale (1958). Male household heads had an éverage
score of 51.59 and female household heads an average score
of 53.30 (only 32.1 percent were émp]oyed). 0f those not
émp1oyed, 55.7 percent weré housewives, 34.4 percent were
students, 8.2 percent were retired and one person was

unemployed.

For male heads of household their
father's occupation had an average score of 46.47,

significantly lower than their own and for female heads



their father's occupation had an average score of 49.21,

significantly Tower than their own or their husband's

occupation. There was no significant difference between

husband and wife's father's occupations.

Table 17 provides a breakdown of the

subjects' educational Tlevel.

TABLE 17
ADULTS' EDUCATION LEVEL

Male Head Female Head Other
Grade 8 or Less 4.3 1.9 17.4
Grade 9 _']3 55.3 56.6 74.3
Some University or | |
Technical Training - 19.2 -34.0 8.3
BA, B.SC., Diploma 17.0 7.5 -
MA or above 4.3 - -

Table 18 provides a family income

breakdown for the 70 families in the study.



TABLE 18

TOTAL. FAMILY INCOME

Income (total family income) | Percent Families
less than  $4,000 -
$4,000 - $6,000 z 1.4
$6,000 -  $8,000 1.4
$8,000 - $10,000 19.1
$10,000 - $15,000 . 51.1
$15,0q0.— $25,000 ' 21.3
$25,000 - $50,000 , 2.8
more than $50,000 : ‘ -
no answer 2.8

One third (33 percent) of households did
not have children while 19.5 percent had one, 26.0 percent

~_had two, and 13.0 percent had three.

- 'Semantic Differential

The semantic differential was analyzed
with a principal axis factor model with varimax rotation.

The Tower limit on eigenvalues was set at 1.

~ Three -unrotated factors with eigenvalues
greater than one emerged from the analysis. Table 19
contains a 1ist of variables and their correlations with
factors. The independence of the factors is shown in
Table 20 which contains a correlation matrix calculated

from the factor scores.
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TABLE 19
MATRIX OF CORRELATION OF FACTORS WITH SEMANTIC DIFFERENTIAL VARIABLES

Variable Factor 1 Factor 2 Factor 3
1. gloomy - bright .68*% . -.03 -.07
2. dull - interesting .66* -.18 -.06
3. depressing - happy .59*% -.06 -.04
4. forbidding - welcoming .54%* .26 .01
5. discordant - harmoneous .53*% -.09 -.19
6. dangerous - safe .47* .13 .03
7. hard - soft .36 .08 -.03
8. dirty - clean .36 -.13 -.18
9. ~private - public -.34< -.34< .31<
10. heavy - light -.34< -.26< .05
11. Tlight - dark -.38< -.22< .23<
12. substantial - thin -.50%* -.22 .02
13. invigorating - boring -.59%* .06 .15
14. good - bad -.60* -.08 .25
15. warm - cold -.62* -.21 -.01
16. wunusual - conventional -.19 51* .02
“17. formal - informal .09 .48* .09
18. complicated - simple .03 .A43* -.09
19. feminine - masculine -.15 -.21 -.03
20. open - closed -.24< -.32< .26<
21. ordinary - imposing .14 -.69* .06
22. empty - full .37< 23< .30<
23. peaceful - disturbing -.32< -.28< .36<
24. small - large .06 -.09 .712%
25. cramped - roomy .20 .02 .85%

*indicates a magnitude greater than or equal to..40

<variables correlated with two or more factors almost equally.



TABLE 20

CORRELATION MATRIX AMONG FACTORS
. CALCULATED FROM THE FACTOR SCORES

Factor 1 2 3
1 1.000 |

2 .035 1.000

3 -.050 .005 1.000

- A¥though a number of variables cou]d
possibly be used to describe two or more factors (variables
9, 10, 11, 20, 22; 23), the factor structure of semantic
- differential variables appears to be fairly straight |
forward. Putting némes to these factors they could be

described as:

1. 'mood (gloomy, dull, warm, good, depressing,
invigorating, forbidding, discordant, substantial,

dangerous).
2. aesthetic (unusual, formal, complicated, ordinary).
3. " 'space (small, cramped).

Although the factors do not coincide very
well with Honikman's (1970) factor structure, they do fit
- very well into the factor classifications developed by

Hershberger (1972) and Seaton and Collins (1972).
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- The factor scores for all individuals on
each factor were calculated and used as input to further
aha]ysis. This provided a means of comparing the subject's

cognitive structure of the home to other variables.

3.2 'Reliability and Validity

3.21

"Reliabi1itx. The main concern for A'
reliability in this experiment is for the reliability of the
manual maps. Nunnally (1970) states that "reliability of a

test can be estimated from the internal consistency of the items

within it. If the average correlation between the items within

a test is high, the internal consistency is high (p. 550)".

In the case of the manual maps,

" correlations were calculated between each room TRE and MRE and

the total house TRE and MRE. Table 21 reports the
correlation Coéfficienté (Pearson r),which were all
significant at the a = .001 Tevel.

TABLE 21

CORRELATIONS BETWEEN TOTAL HOUSE
TRE AND MRE AND ROOM TRE AND MRE

House TRE House MRE
Bedroom A .40 - .39
~ Bathroom _ .50 .53
Kitchen 66 .69
Storage | .48 .56
Utility .35 41
Bedroom J ' 44 42 -
Bedroom M .50 .45
" Living Room - | .65 .67
Hall . _ .59 .66
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The internal consistency for items by

group was examined using Cronback's (1951) alpha coefficient:

o= (aip (-2t
vt
where Vi = variance of test item i
'Vt = variance of total score

=S
1)

number of. parts.

Table 22 presents the reliability
coefficient alpha for eaéh analysis showing that the manual

map has reliability through internal consistency.

TABLE 22

ALPHA COEFFICIE‘NTS.I FOR INTERNAL CONSISTENCY
OF MANUAL MAPS BY GROUP FOR ADULTS

Male Head Female Head |  Others
TRE .63 .69 .70
MRE .64 .70 .70

-The pre-test also allowed for a test-
retest situation to determine reliability. On 31 manual maps
the correlation between total TRE scores was .72 and MRE

scores .77.

It can be concluded that the manual maps

used in this éxperiment did represent a reliable test instrument.

1 Maximum o = 1.0.
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Validity. The most important question,
of course, is whether manual maps measure cognitive maps. Is a
manual map a valid tool for representing what might be

contained in a cognitive map?

As mentioned previously, an article by
Howard et al (1973) dealt with this question. Examining the

various forms of validity they correctly point out that

cognitive map is good for and content validity requires that we

know what a cognitive map is. Since none of us is capable and
most of us are unwilling to meet these conditions, predictive and

content va}idity ... (p. 255)" cannot be considered appropriate

~tests. ‘Construct validity, however, can be used as a test.

In their reﬁearch, Howard et‘al

conclude that:

Since the attribute being measured in this example

is subjective distance, the better the relationship
between the true distance and the subjective distance,
the better we might suppose the method, as it is very
unlikely that these distances should be approximated
by the subject unless the true distances were present
in the cognitive map. (p. 256).

If this statement is correct, then a
clearly definable relationship between objective and cognitive

distance would indicate that the manual map did have validity.
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Section 3.11 has already shown
(Table 9) that there is little difference between the real
world and the world as people perceive it (at least in terms of

their ability to draw a house plan).

Further analysis was conducted by
performing a correlation analysis between the true ratios for
all 41 walls and the mean ratio for corresponding walls by
subject groups. Table 23 reports the results. (Appendix 8

contains a list of ratios.)

TABLE 23
INTERCORRELATIONS' BETWEEN REAL RATIOS
AND MEAN RATIOS (WALL BY WALL)"
Real Total Male Head Female Head Others
Real 1.000
Total .9815 1.000

Male Head .9899 .9951 1.000 .
Female Head . 9865 .9936 .9978 1.000

Others . 9907 .9957 .9946 .9921 1.000

1 _
Pearson r.

It is evident from the table that there is a very
strong correspondence between real and cognitive distance.

- This correspondence is also very strong across the group.
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It can be concluded here that this form

of manual map represents a valid research tool.

This validity is confirmed by the
Howard et al (1973) study in which the method of ratio estimation
was shown to be a va]id'research technique in cognitive mapping

research.

‘Correlation Analysis

It has been determined so far that the
manual map can be a reliable and valid research tool, something

which has not-been demonstrated to date by other research.

On an individual subject basis, however,
there are variations.in the amount of deviation from the real

world. It remains to be seen what variables may influence

individual differences in manual maps.

The analysis will be presented as the

]

correlation between TRE (and MRE) scores' and other sets of data.

Intra-correlation of variables in a data set will be examined in

another section.

“‘ability. The perception of space and the ability to communicate

~that perception in graphic form would seem to depend to some

1 TRE and MRE are very similar; the results of one analysis
being almost identical to the other. For this reason the
MRE analysis is henceforth omitted.
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extent upon the individuals' abilities in these areas. There
has, however, been no research relating spatial aptitude (or
even intelligence) to manual mapping. (Beck, 1967 is perhaps
the c]osest.) Most previous research has tried to relate
environmental, cultural, socio-economic or role variable to
differences in maps. Ladd (1970), Assmusen (1971),

de Jonge (1962), Gulick (1963), Ley (1972), Michelson (1970).
Very 1ittle work has béen spent in the search for psycho1ogica1.
or phy;io]ogica] variables which might influence cognitive‘maps.
It is quite possible tﬁat psychological variables have more

influence than cultural variables.

It should be pointed out that related
work including psychological variables does exist, especially
for those concerned with finding the psychophysical function for
cognitive distance perception and by those whose interest focuses

upon attitude formation and its influence.

Correlation analysis of the spatial
aptitude scores and graphic ability scores shows that they are
both highly related to each other (a = .000). Both scores also
correlate with TRE. Table 24 presents the significance levels of
;orYe]ations of spatial aptitude and graphic ability for the

sample groups.
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TABLE 24

SIGNIFICANCE OF CORRELATION BETWEEN TRE (TOTAL HOUSE)
AND GRAPHIC ABILITY AND SPATIAL APTITUDE FOR ADULT GROUPS

Graphic Ability |- Spatial Aptitude
Total | .047 .014
Male Head .106 .030
Female Head .089 .029
Others .108 .034

Although spatial aptitude is
significantly related to error scores across all groups,
graphic ability appears to be significant only for larger

sample sizes.

It can be concluded here that spatial
aptftude is a variable which may strongly influence ‘an
individual's cognitive map. To a lesser degree graphic ability
may also influence the manual map. It would appear that the
quality of the cbgnitive map may be dependent, to some degree,
upon the_reéording instrument (i.e. spatial aptitude) and that
the quality of the manual map.may be dependent, to some degree,
upon the dua]ity of the playing instrument (i.e. graphic ability).
Future research employing the use oflmanua1 maps should perhabs

take into account these qualities.

It is intereéting to note that spatial
aptitude and graphic ability are also significantly related to

~a number of socio-economic variables. 'Table 25 i1lustrates the
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_significance of various socio-economic variables with spatial

aptitude and graphic ability.
TABLE 25

SIGNIFICANCE LEVELS OF CORRELATIONS BETWEEN SPATIAL
APTITUDE AND GRAPHIC ABILITY, AND SOCIO-ECONOMIC VARIABLES

Variable Spatial Aptitude Graphic Ability
Age .000 .000

= Occupation - | .000 .005
Education .004 .001
Income | .025 .048 :

It should be remembered that spatial
aptitude has been significantly related in previous studies to
job status and income levels. It would also appear in the
present study that the higher the spatial aptitude the more
education, the higher the income, and the greater the job
status for individuals. There is a significant negative
correlation between age and spatial aptitude and graphic ability.
This is consistent with the fact that mental faculties tend to

decrease with increasing age starting at about 18.

TRE vs quality rating. As explained

previously the quality rating‘(sca1ed 1 to 4) was a subjective
judgment based on the experience gained in examining the manual

maps. The quality rating scale, however, did produce highly



significant correlations with TRE (see Table 26).
TABLE 26

SIGNIFICANCE LEVEL OF CORRELATIONS BETWEEN
TRE AND QUALITY RATING FOR ADULT GROUPS

Significance Level
Total .000
Male Head .004 |
Female Head _ ' .013
Others N

Although the previous section
indicated that the quality of manual maps may be influenced
by psychological variables, the analysis here indicates that
a qualitative approach to the analysis of manual mapping may

sti1l be a valid method of investigation and research.

In geographic literature there is little
réSéarch dealing with the validity of subjective evaluation of
manual maps.- The above analysis would suggest, however, that
there was some justification for previous research based on a

qualitative approach.

The quality rating variable also
correlated highly with a number of other variables (see

Table 27).
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TABLE 27

SIGNIFICANCE LEVEL OF CORRELATIONS BETWEEN
QUALITY RATING AND OTHER VARIABLES

variable Significance Level
Spatial Aptitude .000
Graphic Ability ' - .000
‘Length of Residence .015
Age : ‘ .000
Number of Children at Home .001
| Closets | .000
‘Furnace .000

Since spatial aptitude and graphic
ability were also related to TRE it is easy to see why these

variables are also related to quality rating.

For length of residence the longer
people had 1ived in the homes the lower the score they generally
received. [Although there was no significant correlation between
TRE and length of residence o« = .247 there existed a negative
corre]ation].] The o]der fhey were and the more children they

had the lower were their scores.

1 . C . .
Because quality rating is a nominal variable there can be no
direction in the correlation coefficient, hence no negative
correlations.
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Examininé my own impressions, I find
that if the subjgcts included either a furnace room or closets -
they tended to receive higher quality ratings. As will be
shown later, however, both these variables were also

significantly correlated with the TRE.

TRE and socio-economic ' variables.

There were no significant correlations between TRE and socio-
economic variables except for number of children at home, which

had a significant negative correlation («= .03) with TRE.

It should be noted that the community
was very homogeneous in socio-economic status (especially income).
If there was greater diversity then perhaps some relationship
between the socio-economic variables and manual maps would

have emerged. A1l that can be said is that subjects from the

same socio-economic level tended to have similar responses on the

manual maps.

TRE and infdrmation variables. Only one

general information variable was significantly correlated with
TRE - amount of living space (a = .000). Those individuals

who responded that fheir home was "much too small" tended to
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have more accurate manual maps (TRE lower). Presumably, this
awareness of need for space has made them more conscious of

their environment and able to perceive it more accurately.

TRE and: factor scores. There was no

significant correlations between TRE and factor scores. It

would appear that the cognitive structure of the home (as

.measured by the semantic differential) was not related to their

spatial cognitive map.-

“TRE and map errors. A significant

correlation existed between TRE and the missing walls variables.
If subjects had omitted a wall they tended to have more general
error in théir maps. This occurrence showed a marked difference
between groups of subjects with both male and female household
heads (@ = .002 and .046 respectively) showing a significant
correlation but others (mostly high school children) showing no

correlation at all (a = .597).

Missing walls, as would be expected,
correlated highly with spatial aptitude (a = .000), graphic ability
(« = .000) and age (@ = .000), with older persons making more
mistakes. This relatively simple measure could be used to predict

accurately the total error in the maps. This would tend to support
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(in some degree) a qualitative approach to manual map analysis
as this variéb1e is very noticeable and produces an immediate
impression on the viewer who is familiar with the house plan.
" "TRE "and added detail. As noted earlier,

there were a number of significant correlations between TRE and .
additional detail included in the maps. Table 28 indicates the
variables and their significance levels. -
TABLE 28
SIGNIFICANCE LEVELS OF CORRELATIONS BETWEEN
TRE AND ADDED DETAIL
Variable Significance Level Variable Significance

Level
doors - washer .020
closets’ .082 | dryer - ©.039
bath o, .om ' kitchen counters .002
toilet .006 | kitchen table -
kitchen sink .008 steps -
stove B .055 bathroom sink . .006
refrigerator .055 windows -
furnace1 .002 ‘I fireplace _ -

Total occurrences of added detail had a
significance level of a = .000. TRE and added detail were
completely independent in terms of what they actually measured.

In fact all respondents were told that they did not have to

. include doors, windows, or furniture and only did so under their

own initiative.

1 Identified by quality rating scores.
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The conclusion to be reached is that
those individuals who endeavoured to make fheir maps more '
complete through the addition of detail also had a more
accurate perception of their environment. This result supports
other researchers in cognitive maps who claim that the amount
of detail illustrated in manual maps is a measure of the quality
of the subjects' cognitive maps of specific areas (Everitt and
Orleans, 1973; _Asmussen, 1971). The qualitative approach is

also supported by this finding.

‘Other Correlational Relationships

There are a number of interesting

correlations among the various sets of data themselves. Although

-they do-not bear directly upon the main focus of research, their

3.41

interest deserves reporting.

Information and socio-economic variables.

Table 29 contains the cross correlations of information and
socio-economic variables. Actual correlations are given because
it is interesting to see the direction of the correlations for

interval variables.

In examining the information variables,
those persons who had 1ived there a longer time thought they
needed more bedrooms. People who had moved a Tot also thought
they needed more bedrooms but were also p]anning to move in two

years.



TABLE 29

INTER-CORRELATION OF INFORMATION AND SOCIO-ECONOMIC VARIABLES

. *significant at o = .05
NC no correlation available;-

this happens with nominal variables

where one cell has less than 5 percent of the observations.

I interval variable-
N nominal variable
0 ordinal variable

*G6

1 2 4 6 8 10 11 12
1. length of residence (I)
2. change of residence (i) -.74
3. amount of living space (N) .02 .14
4, arrangement of rooms (N) 2 .10 02
5. number of bedrooms (I) JA43%  .35% .07 .02 _
6. money's worth (N) .05 .10 .07 .04 .04
7. neighborhood (N) 15 .19 .02 .06 .02 .01
8. move in two years (N) 07 .23% L2 11 .09 .02 .02
9. age (I) .09 -.14  .29* .00 .38* 13 .21 .21+
10. occupation (I) .03 .03 .25 .01 A3 NG L1200 .01 .04
11. education (0) -.16 .30 .12* .04 .16 .51 .21 .28 .08 .49*%
12. income (0) - .34% 32 .05 .07 .07 .04 .01 NC .56* .53 57*%
13. number of children (I) .38% -.25% .4g8%  ,78* .78 .01 .17 .06 .07 .14 12 L2
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Among the socio-economic variables,
it is not surprising to find that income correlated highly with
age, occupation, education; and number of children. Occupation

and education were also related.

In addition, those persons living in
the house the longest had higher incomes and more children.
Those who éhanged their residences more frequently had higher
incomes, more education, but fewer chi]dren. Respondents who
indicated that the home was too small were generally older, had
more education and more children. Peféons who wanted more

bedrooms were older, had higher job status, and had more children.

~ Finally, the older the people became, the less 1likely they were to

move.

© " "Factor scores. As indicated previously,

factor scores did not correlate with TRE or quality rating. The
factor scores did, however, correlate with a number of other
variables when taken group by group. Factor 1, mood, did not
correlate with anything. Table 30 outlines the significance
levels of tﬁe variables that did correlate with the aesthetic

factor and space factor.

The space factor appears to be the most
important for all groups. Various aspects of the plumbing
fixtures in the house appear to be related to the young adult's

cognitive structure of the home. No explanation is offered

96.



TABLE 30

SIGNIFICANCE OF CORRELATION OF FACTOR )
SCORES AGAINST OTHER VARIABLES FOR ADULTS

Factor 2 - Aesthetic

Factor 3 - Space

- Variable Male Female | Other Male | Female | Other
Spatial Aptitude - .034 - - - -
Graphic Ability . 005 - - .006 .000 -
Living Space - - - 025 | - .000
Number of Bedrooms - - .022 .000 | .000 | .002
Number of Children - - - .002 .000 -
Quality Rating - - - - .021 -
Education ' - .009 | .049 - - -
Furnace - - - - .037 -
Doors - - - - - .029
Bath Tub - - .000 - - -
Toilet - - .000 - - -
Bathroom Sink - - .006' - - -
Kitchen Counters - - .005 - - -
Kitchen Sink - - .000 - - -

‘L6
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_here for this occurrence.’

A correlation analysis was performed
between husbands and wives to determine if their cognitive -
structures of the home were similar. The analysis indicated no

significant relationship between husbands and wives on the

highly correlated {a = .004). The data did not allow for an

adequate analysis between children and parents.

Map details. Table 31 fndicates the
significance level of the intra-relationship of map details.
Closets and furnaces appear to be the most important details
with steps and firep]aces close behind. No explanation is offered

here as to why these variables are intercorrelated.

"~ 'Non-codable maps. Non-codable manual

- maps were significantly correlated with spatial aptitude, graphic

ability, and age. Table 32 indicates the significance of these

correlations and the means for this group].

It would appear that the ability to
communicate cognitive maps is impaired in older peop]ei This

imapirment also occurs in other psychological attributes.

]Since no "others" had non-codable responses only male and female
heads are included.

98.



TABLE 31
SIGNIFICANCE OF CORRELATIONS AMONG MAP DETAILS

16

1 2 3 4 5 6 7 8 9 10 117 12 13 14 15
1. Doors
2. Closets .00
3. Bath - .00
4. Toilet - .00 -
5. Kitchen Sink - .00 - -
6. Stove - .00 - . -
7. Fridge ! - .00 - - -
8. - Furnace - .00 .00 .00 .01 .02 .02
9. Washer - .00 - - - - - .0
10. Dryer - .00 - - - - - .01 =
11. Kitchen Counters - .00 - - - - - .00 - -
12. Kitchen Table - - - - - - - - - - )
13. Steps - .00 .00 - .00 - - .00 - - .00
14. Bathroom Sink - .00 - - - - - .00 - - - -
15. Windows - - - - - - - .03 - - - - - - ’
16. Fireplace .00 .00 .00 .00 - - - .03 .00 .00 .00 - .00 - .00

66
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. TABLE 32

SIGNIFICANCE LEVEL OF CORRELATION BETWEEN
NON-CODABLE MAPS AND OTHER VARIABLES FOR ADULTS

‘ ~ Significance | Non-Codable | Group
Variable Level Means Means
Spatial Aptitude’ .000 16.6 39.9
Graphic Ability? .000 22.0 130
Age | .000 61.4 39.1

Psychophysical Relationships

Based on Steven's psychophysical power 1aw3,
a number of researchers have attempted to empirically determine the
power function for visually perceived indoor distance (Kunnapas, 1960
and Teghtsoonian & Teghtsoonian, 1969) and outdoor distance (Gibson,
et al, 1954, 1955; Gilinsky, 1951; Harway, 1963; Luria, et al, 1975;
Teghtsoonian & Teghtsoonian, 1970) by estimating the value of the
exponent n. The results thus far seem to indicate that indoor
experimental situations yield accelerating power tunctions (n >1),
while outdoor environments tend to have nearly linear or decelerating

functions with physical distance (n <1).

1 Higher scores indicate greater spatial aptitude.
2'Higher scores indicate less graphic ability

Stevens psychophysical power law; ¢r=¢¥¢”
where: ¥ = is the subjective distance estimate

¢ = is the physical distance
n = is an exponent that systematically varies -
a = is a constant depending on the units of measurement.
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In an attempt to uncover the psychological
foundations of mental mapping a few researchers have attempted to relate
Steven's law to cognitive distance perception. In a study of distance
between world cities Ekman and Bratfisch (1965), using a ratio scaling
technique and an algorithm similar to Steven's law, produced a power
function for the exponent, n, of .78 for log actual distance against
log of the ratio estimations of cognitive distance. Later experiments
by Bratfisch (1969) produced exponents of .58, .90, and 1.08. These"
‘experiments, however, were not concerned solely with "subjectively
perceived geographical distance" but were initially designed to test
the relation between the subjects' "emotional involvement" towards
various cities and their estimation of distance between those cities.
The experiment produced a much stronger relationship between emotional

and objective distance.

Lowerey (1970) estimated the vaiue bf n.
for subjective and real distances for each subject's mental map of
ten different city 1ocafions (e.g. school, park, bus stop, etc.) using
three different ratio sca1iﬁg techniques. "The regression coefficients
for logs of subjective ratios fitted to logs of real distance ratios
ranges ffom 0.112 to 2.065" (p,‘67). He suggests that this wide range
of exponent values may reflect different persona]ity characteristfcs
and he also suggests the "Differences in psychophysical functions for
facility types could appear in the saﬁe way modality function

differences have been found in psychophysics".
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Rothwell et al (1973), in an experiment
comparing visual and cognitive distances, approximated Steven's law

and produced cognitive exponents between .42 and .68.

Cadwallader (1973), on the other hand,
compared methodological methods in data collection of cognitive and
real distance and conc]qded‘that the relationship "appears to be
111near, with Pearson correlation coefficients of .94 ahd .96 (p.4194)."
Howard et al (1973) tend to confirm Cadwallader's findings. In an
experiment using four different scaling and psychophysical methods
-they concluded that "A11l four show a strong linear relationship

between subjective and actual distance. (p. 263)".

Analysis of the manual maps in this
dissertation tends to confirm the Tinear hypothesis. Several regression
models were applied to determine the best fit between real distance
ratios (plus area ratios) and mean group rafios. Table 33 presents

the results of this analysis.

As the table indicates the best fit belongs
to the linear model. Since area in this case relies directly upon
the walls of the house, it is not Surprising that area and distance
follow the same model. The total sample points for area (N = 9) is

actually too small to produce a valid model.

Similar ana]ysis‘performed on the various
groups of subjects (male head, female head, and others) produced

identical results (see Table 22, Chapter 3.22).



TABLE 33

~ REGRESSION ANALYSIS OF REAL DISTANCE AND AREA

RATIOS AND SUBJECTIVE DISTANCES AND AREA RATIOS

Il

Regression Model Distance (N = 41) Area (N = 9)*

| r b a r b a
1. Tinear (y = a + bx) 298 | 1.00 | -.02 .99 [1.00 | -.03
2. power curve (y = axb) .97 | 1.06 .96 .98 .96 .96
3. exponential (y = aeX 88| .44 | .69 | .88 | .43 .69

*Only the nine rooms were used as the area of the whole

house was a sum of the rooms.

“EolL
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The one to one slope of the curve in the
Tinear model also indicates that there is a direct relationship

between cognitive distance and real distance.

It must be noted, however, that the
maximum stimulus range of 45 feet is rather small. This factor could

tend to produce a linear model.

This chapter has demonstrated that manual
maps can be a reliable and valid research instrument. The |
psychological variables of spatial aptitude and graphic ability were
shown to influence to some degree the process of cognitive mappiﬁg.

On the other hand, socio-economic, attitude, and environmental
variables did not appear to affect significantly the subjects' ability
to communicate their cognitive maps. Evidence was presented which also

supported the qualitative approach to analysis of cognitive mapping.
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4.0 CHILDREN ‘RESULTS

Analysis of the children's data followed a
pattern similar to the adults. The first section of this chapter is a
description of the various variables followed by an analysis of the reliability

of the rank assigned to each child's map.

The main variables in the children's

study were:

1. Rank of manual map.
2. Chronological age.
3. 'I.Q.‘

4.  Graphic ability.

A correlation analysis was performed among
these variables (rank, age, I.Q., and graphic ability, RAIG) as well as

between thé RAIG variables and other variables taken from the manual maps.

4.1 Description
Table 34 presents the age distribution of
the children by sex. The mean age of the total group was 8.4 years

(boys 8.3 and girls 8.4).



TABLE 34

AGE DISTRIBUTION

Age Male Female Total-
13 1 2 3
12 6 2 8
1 2 2 4
10 3 3 6
9 4 3 7
8 4 3 7
7 3 2 5
6 4 1 5
5 5 2 7
4 1 2 3
3 1 1 2

Total | 34 23 57

The norms of the Draw-a-Man Test are valid
to the age of 15 while the MPFB spatial aptitude test can be validly
aAministered at the age of 10. So as not to’ovér]ap, the age of 14
was chosen as a separation point. The age of 14 is usually
representative of the age at which children énter grade 9, or high
schod]. In the sample that was selected, all students of 14 were in

high school, while only one person of age 13 was in high school.

106.



TABLE 35

CROSS TABULATION OF 1.Q. AND AGE FOR CHILDREN

Age

1.Q. 3 0 4 | 5 16| 718 | 9]10/[11]12 13| Total
135+ 1| 1 3
131-135 | 1 1 121 1 7

126-130 0
121-125 2 1 1 4
116-120 1 RERE 3
M-15 | (|1 ) | 1 q 2 7
106-110 1L m 2 2 | 201]2]2]|1]13
101-105 NOREONE 1ol 111 9
96 -100 m 1T 1 4
91 - 95 (1) |1 2
86 - 90 (2) 2
81 - 85 1 1
76 - 80 0
71 - 75 2 | 2
2 | 3 |7 |5 |5 |7 |7]6|a]|s]|3]|s

 Total

e

{ ) denotes a subject who did not do a manual map.

A



TABLE 36
AGE DISTRIBUTION AND ELEMENTS OF STYLE FOR CHILDREN

Age
, % of ]
Style 3 4 5 6 7 8 9 10 11 12 13 | Total
Sketching Technique - 11 6.4
Thick Walls | 4 5 2 3 6 2| 48.9
Non-Square 111 2 1 2 2 5 1| 3.0
. Box | 4 2 1 2 1 1 23.4
Appended Rooms 11 1 2 2 2 19.1
Side View | 3 6.4
Roof ‘1 1 4.3
Room Size

Large Bath 1 2 2 2 14.9
Large Hall | 1 1 2 1 2 2 19.1

1N = 47. Subjects can have more than one style present in

their drawing.

‘801
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A cross tabulation of age and I.Q..is-given

in Table 35. The children's average I.Q. was 113.4, well above the

norm. The ffequency distribution of I.Q. did not appear to be normal

with the category 131 - 135 having seven children in it]Q The average

graphic'ability score was 3.62.

Of the 57 children only 47 or 82.4 percent

completed or attempted a map. Some refused and some did an outside

picture and would not try a floor plan.

Table 36 presents an age distribution for

various elements of style and room size discrepancies.

As shown in Table 37 the majority of

children oriented their drawfngs towards the rear of the house.

TABLE 37
ORIENTATION OF DRAWINGS -
Direction | Percent of Total

AS (towards the bedroom) 17.5

AE (towards the back) | 42.5

SX (towards the street) ' 17.5

EX (towards the utility room) 7.0

None ‘ 17.5

] This might be expected in such a small sample. In one family
(the Andersons) with seven children, six had 1.Q.'s 131 or
greater.

2:"/Sc.ores ranged from 0 to a maximum value of 7.
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the frequency of occurrence of additional detail in the manual maps.

TABLE 38

The following table (Table 38) presents

OCCURRENCE OF ADDITIONAL DETAIL

% Occurrence “

The main concern for reliability is with

the rankings of the four judges.

of the judges through a correlation matrix. A1l correlations are

significant at the .000 Tevel.

Variable Variable % Occurrence
Wall VW 8.5 Bathroom ‘Sink 8.5
Furnace 23.4 Bath Tub 12.7
Master Bedroom - 12.8 Stove 17.1
House Codable 23.4 : Refrigerator 10.6
Doors 74.5 Windows 6.3
Closets 36.1 Washer 10.6

| Fireplace 15.1 Kitchen Table 10.6
Kitchen Sink 8.5 Kitchen Counter 8.5
Toys 4.2 ‘Beds 17.1
Steps 8.5
Reliability

110.

Table 39 demonstrates the reliability
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TABLE 39

INTER-CORRELATION OF JUDGES (n = 47)

- Judge Rothwell Gill George Clarkson
Rothwell -

Gill .80 -

George . .84 | .87 -

Clarkson .83 .81 .79 -

The average rank was.assighed to each

subject for further analysis.

Correlation Analxsis

Rank, Age, I1.Q., and Graphic Ability (RAIG).

The first set of correlations was done to determine the re]atiqnshib
betwéen rank, age, I.Q. and graphic ability. Table 40 presents the

correlations and their significance.

TABLE 40
CORRELATION OF RANK, AGE, I.Q. AND GRAPHIC ABILITY
Rank' Age 1.Q. Graphic Ability
Rank 4 -
Age _ ‘-.64* -
1.Q. -.32x .00 -
Graphic Ability | -.62% .58% .40% -
*a= Q]

1 S1gns are negative because the best drawing was ranked as

1 and the poorest as 47.
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It can be concluded that the quality of
~ the children's drawings is significantly related to'égg,il;g,;’

and graphic ability.

The analysis also showed that there was no
correlation between age and I1.Q. If there héd been a strong
relationship it would have thrown doubt upon the va]idity.of the
Draw-a-Man Test. Instead it has shown that the norms used to convert

raw score to 1.Q. appear to be reliable.

Since raw scores were used in the graphic
ability test (nine items .out of the'I.Q. test) it is not surprising
that graphic ability is related to age. This should be the case.
Since graphic ability is a subtest of the overall 1.Q. test, there

is also a correlational relationship between the two.

4,32 Elements of style and size of rooms. - Table

41 shows the significance of correlations between RAIG] and elements

of style and size of room. It can be seen that:

1. Higher ranks tend to draw thick walls while lower ranks tend

to have a box style.

1 RAIG (rank, age, I.Q. and graphic ability)



TABLE 41

SIGNIFICANCE LEVELS OF CORRELATIONS BETWEEN RAIG
AND ELEMENTS OF STYLE AND SIZE OF ROOMS

Style Rank - | Age | 1.Q. | Graphic Ability
Sketching Technique - - -
Thick Walls .002 | .002 - .04
Non-Square - | .08 | - .02
Box .000 | .001 - .000
Appended Rooms - - - -
Side View - .033 - -
Roof - - - -
Size of Rooms
Large Bathroom .000 | .001 - .002
Large Hall .000 | .015 - .001

ELL



114.

2. 0Older children tend to produce non-square homes with thick

walls while younger children have a box style or side view.

3. Children wifh higher graphic ability tend to draw thick walls
" and non-square houses while those the less ability have a

box style.

4. Young, low ranked children with less graphic ability tend to

draw larger bathrooms and bedrooms.

There is little theoretical background on
which to base statements concerning the style of drawing. There did
not appear to be any basis for»using the concept of egocentricity
(see Hart and Moore, 1971; Asmussen, 1970) when analyzing the

children's drawingsj,

4.33 : Additional detail. As with the adults, the

more additional detail contained in the child's map the more Tikely
it was to receive a higher rank. Table 42 shows that the furnace
and closets (as with adults) correlated highly with all RAIG

variables.

There are three main systems of geographic orientation: égocentric
(based on the position of the person), realistic (the direction of
nearby major features) and coordinated (orientation to the cardinal
directions). Other researchers have found that young children's
manual maps are characterized by an action centered egocentric
reference system. -



TABLE 42

SIGNIFICANCE LEVELS OF CORRELATIONS BETWEEN RAIG
VARIABLES AND AMOUNT OF DETAIL

Rank

Age

I.Q.

Graphic Ability

Wall VW
Furnace

Master Bedroom
‘House Codable
Doors

Closets
Fireplace
Kitchen Sink
Bathroom Sink
Bath Tub

Stove

Fridge

Windows

Washer

Kitchen Table
Kitchen Counter
Beds

Steps

- Toys

.000
.014
.000

.000

.021
.016

.0407

.003

.021

.002

.000
.04
.000

.000

Total Detail

.000

.000

qll
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If the house was codable (i.e. could be
digitizéd) it also correlated highly with the RAIG variables. Again,
this is a point for gua]itative-analysis. It is a fairly easy task
to judge whether the drawihg comes close to reality at all on the
criterion of codability. Most children who drew.a codable map were
older or brighter. The youngest child to draw a codable map was 8

years old and had an I.Q. of 150, while a 13 year old of I.Q. 96

" could not complete the task.

Younger children tended to include their

beds into their maps.

Errors. Number of errors had a significant

negative correlation with all RAIG variables.

Non-significant correlations. There were

no significant correlations between sex and any variables. This does
not coincide with studies by Asmussen (1973) or Blaut (1969).
Orientation of the drawing did not appear to be related to any other

variables.

| Unfortunétely, because of data constraints
(nominal-nominal) it was not possible to perform correlations between

style and detail variables. (With such a small sample the matrix

frequently has cells with 5 or less observations.)
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Size of bedrooms was not correlated with
 any other factors although there was a tendency (not significant)

for young children to leave out their parents' bedroom.

Discussion

The results of this analysis support fhé
findings of other researchers that as a child develops, his awareness
of the world around him increases, as does his ability to accurately
communicate his perceptions. This study has shown that mental
faculties and graphic ability also relfect a child's developmental

patterns.

The Goodenough-Harris Test focuses on the
child's accuracy of observation and on the development of conceptual
thinking. This concept ‘could also be app]jed to the manual map of the

home, where the accuracy of scale and_fu]]ness of detail ref]ect the

~child's .stage of intellectual development.

The results presented here would tend to
support the concept of Kaplan (1973) that the entire cognitive

structure of the subject may be considered a cognitive map.

It is interesting to note that I.Q.
reaches its peak in an individual shortly after puberty and begins to
decline after 18 years old. In terms of drawing manual maps it appeared
that by the age of 9 or 10 half the subjects could produce a codable map
equivalent in quality to the adults. By age 14 all subjects could |



118.

complete this task; in fact, high school children tended to do better

than their parents.

The youngest subject to uhderstand the task
toemEis o gnd attemptwa’mépvwas 3 :years-old (1.Q. 132) while the oldest child to.- - =
fail the task was 8 years o1d] (I.Q. 91). The youngest child to do a
codable map was also 8 years old (I1.Q.150). There appears to be a

R == 'very'wide rangein children's ability to produce manual maps. This- - *-

consideration should be carefully weighed in future studies.

L He refused to try and drew an outside view instead.
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CONCLUSTONS

5.1 Assessment of Goals

The conclusions will follow the format of

the four goals as outlined in the introduction.

1. It has been shown that manual maps can be a reliable and valid
research instrument in the study of cognitive maps. Several
statistical techniques and meausres by which manual maps may

be analyzed in a quantitative manner are presented and tested.

Both spatiai aptitude and graphic ability
were found to be significantly related to the ability of individuls
‘to communicate their cognitive mapﬁ. It would appear from this
study that psychoiogicai variables exercise considerable
influence in the individual's cognitive deviation from the real
wor}d. The experiment demonstrated that persons with superior
mehta] faculties have cognitive maps which more closely reflect
reality. The research also showed thaf as mental faculties
decline with age the ability to produce a manual map also_deélines,
Most persons over age 65 could bn]y produce maps of similar quality

to 6 and 7 year olds in the same study.

Evidence is also presented which supportg
the traditional qualitative approach to the study of cognitive
maps. Future researchers may wish to rely on these findings to

support the validity of their own investigations.
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2. Psychophysica]-functiohs for subjectiVe distance and area

- perception proved to be 1ihear.

3. Socio-economic variables, general biographfca]'data,'and the
subject'scCOgnitive.structure of the home as revea]eo through the
© semantic differehtia], did not produce significant corre]ations
~with the abiTity to communicate cognitive haps. It is_probab]e
that significaht re1ationship§bdid not'emerge'because the samp]e
was very homogeneous in character Greater diversity ih these
var1ab1es may result in s1gn1f1cant re1at10nsh1ps in future

studies.

4. Chi]dren's ability to produce a manual'mapvwhich resemb]eS'rea1ity |
is s1gn1f1cant]y re]ated to age, spatial apt1tude and graphic
ab1]1ty In a broader context, it wou]d appear'that the quality

- of a child's manua]_map‘is a ref]ection of hisvoeneral stage of
;menta]_development. Ability to communicate cognitive maps increases

‘until puberty when the child approaches full adult development.

Discussion
The research has shown that manua] maps
can be a re11ab1e and valid research 1nstrument " This lends cred1b111tj

3

and support to previous studies employing this research techmque1 but

']'Us1ng baSicaT]y the'same research techniques are works by Appleyard
(1969, 1970), Saarinen (1969), de Jonge (1962), Gulick (1963), Stea
and Wood (197]) and Everitt and Orleans (197]), Lynch (1960, Ladd

(1970) and Ley (]972)



ST

121.

which have not dealt with the questions of validity and reliability.

This dissertation also supports findings of waard et al (1973) who
tested four methods ofvratio estimation for cognitive distance
perception and found all of them to be valid and reliable. Cadwa]]ader'§
(1973) work on thé reliability of ratio-estimation techniques in

cognitive distance experiements is also supported.

“tf- »=  ~""In*addition to providing some validity for-
other studies employing manual maps, evidence is presented for the

use of qualitative techniques of analysis. The research has

" illustrated that a sense of "quality" of the manual map derived from -

long study and appreciation could also be a good prediétdr of error.

This finding should prove to be significant to those researchers who

"are endeavouring to employ subjective judgements of quality as input

data in other perception studies.

One of the more important results is that
spatial aptitude and graphic ability appear to significantly influence
an individué1's cognitive and manual map. To date, these factors
have been ignored. It would appear, however, that the quality of
cognitive maps (and presumably the quality of spatial decisions an

individué] could make) is dependent upon the quality of the recording

~instrument, i.e. the human brain. Nevertheless, most studies in

cognitive mapping have attempted to account for differences in manual

maps through such variables as race (Ladd, 1970; Ley 1972) culture
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(Stea and Wood, ]971), role (Everitt and Orleahs;']97]), SOcio-economiﬁ
status (Michelson, 1970), travel patterns (Lee, 1964; Briggs, 1969), and
sex Amussen (1971)f It is perhaps time that more effort was expended

at the level of the individual .to determine the psychological

parameters of cognitive mapping. Because the brain is the depository

of all cognitive maps, it seems reasonable that by understanding the
mechanism itself we may hope to understand the processes involved in

cognitive mapping.

Numerous' socio-economic, biographical; and
attitude variables were included in the analysis.  None appeared to be
significantly related to the manual maps. This does not coincide with
the research of Miche]son»(1970), Appleyard (1969), Ladd (1970) and
many others. The sample, however, was so homogeneous on almost all
variables that no difference could be detected with the statistical
tests which were used. The analysis indicatéd, however, that when
socio-economic variables are held relatively constant, it is . the
psychological variables which appeaf to cause differences in individuaf
manual maps. It would be an interesting experiment to maintain consistency
in spatial aptitude and vary socio-economic status. Sample selection,

however, would be a difficult task.

The psychophysical function for distance
and area perception proved to be linear. This supports the findings of
both Cadwallader (1973) and Howard et al (1973) who also used ratio

estimation as a research technique. The research, however, conflicts



5.3

123.

with results presented by Lowery (1970), Briggs (1969), and Lundberg
(1973) who contend that the psychophysical function for cognitive
distance perception appfoximates Stevens power law. All experiments
to date have used slightly different research designs and all use
different géographic scales. A]though Howard et al (1973) appear to
have used the most rigorous research design, only replicative
experiments using the same scale of distance wi]] be able to sett]e
the debate between Tinear and non-linear models. This djssertation
supports the linear psychophysical function of &ogniti?e distance.

perception.

This dissertation generally supports the

work conducted by Blaut (1969), Blaut and Stea (1971) and Hart and

Moore (1971) in the study of spatial development and learning in
young children. As the child develops and matures in his mental
faculties, his perception of the world and ability to communicate
that perception also improve. The development cognitive mapping
closely approximates the development of mental maturity. Unlike
other studies (Amussen, 1971), however, significant difference could

be detected for sex or socio-economic status.

Further Research

Although this dissertation accomplished its
goals, the scope of study was rather confined. Not only were the

variables 1imited but the actual geographic scale was small. The
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methodology used in this dissertation and the results obtained should
be tested on a larger geographic area. Howard et al (1973) have
already shown that this approach may be fruitful. There is need
for further research on this topic to determine if geographic scale

has an influence upon the basic methodology.

| Although cultural variables are important
in the development of cognitive maps, not enough attention has been
given to the investigation of psychological and physiological variables.
As Kaplan says "The ways we deal with the environment are largely
dependent upon the sérts of mechanfsms that have evolved for this
purpose" (p. 64). There is certainly a need for research into the’
variables that make an 1ndivfdua1's cognitive map unique. Only by
understanding the cognjtive processes at the individual level can we

Hope to truly understand its significance on behaviour."
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Dear Mr. Rothwell,

I do not wish to participate in your research project
and respectfully request that you do not telephone my
place of residence.

(please print)
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WALL AND ROOM DESIGNATIONS WITH TRUE RATIO SCALES

1. House : 6.

AE - 4.14

AS 2.55

Sy 2.43

Vi .18

WX 1.71

XC 2.73 A
2. Bedroom A |

HB. 1.25.

AJd 1.09

JL 1.25

LB 1.09 8

3. Bathroom

BC .64

BF 77
FG .64
GC .77
A 9.
4, Kitchen :
Ccb 1.23
co 1.18
opP 1.14
PD 1.32
5. Utility _
10.
DE 1.02
DH .68
HI 1.02
IE .68

*0Qccurs more than once.

Storage

*HI

HP -
PQ
QI

Bedroom J

JK

- ds

ST
TK

Bedroom M

™
MN
NR
RV
VT

Living Ro

uv

*VW
*WX

XQ
Qo
oy o

Hall
0G

OM
MF

*FG

.64
.64

1.00
1.46
1.00
1.46

1.16

om

.43
.18
1.7
1.41
2.16
1.22

.61

.56
.64

133.b



13403

APPEMDIX 3



N
PR
r. el
""_4’ S v
o
S
\'.: & (;‘ M~
st s T
Non-Codable

RIGLY,

R

134. v

\ff

—

\\

i
i




135.

_ y — .
/?f . YN ~ A

- ———-—. Y i P =\
ﬁf/ézwm . /M&W . /é}jw ,

S \l.' /
/‘ ﬂ/um//\yv,,u ' Z
/(»/ AALTV e

/'// / 2 ways ,
A ( /w/‘. . Pl _ ("//7/' //-/'— "'4' /M / ,}V .
— e ——— — e ———— —— - 2t _— - -7

Non-Codable (Note roof)



136.

. Non-Codable

2087



RO

137.

e

oAy p o o
nufl.. ) Vm/ /.m./

\

R A Ci ey

AN

Non-Codable




Poor



A200 7

139.

Poor



"~ Poor

75‘;# S fé/N

(040



141.




142.

—1Q

e oyn™

Inals 3304

NAH M

Average



143,

\

- —..
——.

7 lh/ O AN - I O BAHD

-4«

‘Average



~NaHOL |

s TP

cal

T T e s e T e A e et i ey o

RN

2 et et 2 armar

EXce]]ent



145,

S VR DLID w

LU I~loe yasns,
2 £ LN ELSUN
\J_ . L T
P-i—. — .lll\lllo“ .
- }

. K
| ) , .M M.Wv V Aw\l LRSS
N .bg l I\wu.w. 0 N .ll_,hjr

I~lee APy

T(OQM\D cL=1)
INooy onineT

vl L.

\‘umoqhﬂ _ ._ ) w\

=1

Exce]]ent_



 146.

e e arns o smpars A TEB T

Excellent



147a

APPENDIX 4



—— . S— SAD S

igodﬁn
Téz

| ~ . A
. o ‘ M T — iy /cv
w_.nl\\\v o) : — e R

@ e;mﬁ_,:wu_\m_
GL.J . — "
, _ R NFHD 11
I e f V
| R ] T o

g, | | | woouiia | E .

ﬂ B ( L woou  3NAOLS
WOCITIY LS . ﬂE >

.T’é ? " —

Additional Detail



148,

A/ - —l - AP " | I : - i'_“l'l‘..'“[
,' " LeoseT — R T
| W 3
, , §s
L : . | 3
;;,U\(ru,. Ls\/( NG Koot ! E Pzpeosi
. . g v
B \ 3
. P - '..- U ) K w
~o n:”x{‘u f‘;”,\\ﬁ \ . Z, - HALL < _ . [ )i CLoser|
~ e ’ . \; ' 7L
7 b — . | i’
- _// ; -
. g e L N .
T 1~ , BeDReo M .
= }\[T‘Cr'~ 3]
_ o RAGE
L — poreee | O
7 P —— S T T e

- Additional Detail )

2076



B850/

~—b

4
a

ey wd <
A D ,—.,.,.nzy.wwo.i@
.ﬂu
A
%
~
— { f... g m .

Additional Detail



150.

Q 4‘-.@; = T LI e g s D w

No Detail

200/



15108

APPENDIX 5



DIREGTL

READ THE FOLLOWING DIRECTIONS
VERY CAREFULLY WHILE THE
EXAMINER READS THEM ALOUD

Look at the problems on the right side of this
page. You will notice that there are eight of them,
numbered from 1 to 8. Notice that the problems
go DOWN the page.

First look at Problem 1. There are two parts in
the upper left-hand corner. Now look at the five
figures labelled A, B, C, D, E. You are to decide
which figure shows how these parts can fit to-
gether. Let us first look at Figure A. You will
notice that Figure A does net look like the parts
in the upper left-hand corner would look when
fitted together. Neither do Figures B, C, or D.
Figure E does look like the parts in the upper
left-hand corner would look when fitted together,
so E is PRINTED in the square above [1]at the
top of the page.

Now look at Problem 2. Decide which figure is the
correct answer. As you will notice, Figure A is
the correct answer, so A is printed in the square
above [ 2] at the top of the page.

The answer to Problem 3 is B, so B is printed in
the square above at the top of the page.

In Problem 4, D is the correct answer, so D is
printed in the square above at the top of
the page. :

Now do Problems 5, 6, 7, and 8.

PRINT the letter of the correct answer in the
~square above the number of the example at the
top of the page.

DO THESE PROBLEMS NOW.

If your answers are not the same as those which
t_he examiner reads to you, RAISE YOUR HAND.

DO NOT OPEN THE BOOKLET UNTIL YOU
ARE TOLD TO DO SO.

Some of the problems on the inside of this booklet
are more difficult than those which you have al-
ready done, but the idea is exactly the -same. In
each problem you are to decide which figure shows
the parts correctly fitted together. Sometimes the
parts have to be turned around, and sometimes
they have to be turned over in order to make them
fit. In the square above [1} write the correct
answer to Problem 1; in the square above
write the correct answer to Problem 2, and so on
with the rest of the test. Start with Problem 1,

and go DOWN the page. After you have finished -

one column, go right on with the next. Be careful
not to go so fast that you make mistakes. Do not
spend too much time on any one problem.

PRINT WITH CAPITAL LETTERS ONLY.

MAKE THEM SO THAT ANYONE CAN READ
THEM.

DO NOT OPEN THE BOOKLET BEFORE YOU
ARE TOLD TO DO SO.

YOU WILL HAVE EXACTLY 20 MINUTES TO
DO THE WHOLE TEST.

-

E|/A||B||D
123l 4] [5]l6](7]]8
= B = "

O [P
CLES R dh <
b E o 7 RN

B { C _C

| |
1=IRISIISY,

I T S i I [ a——
| |
H)DOQ
| |

A 7| A

C @ O </>
A [AA
ME [ATA

H A AN

15°



152

131 14| {15] |16]

9 110 11]112

S||6]|7]]|8

1112]113]14




-
153

171 [181019] |2o]  [21][22] [23] [p4]  [25] 6] [27] [28] [29] [30] [31] [32]—




______________

______________

| 134 B9] 136] [37]138] [39] |40| |41| 42| |43||44]| |45] 46| [47] (48
l e A ]

>0 N | —]

> Blem) [N A%V =i
/‘ |

—_———t e ——

__________________

——

________________

________________




49 50' 51} 152 53| 54| 55| |56 571198159} |60 ol{ 62| 63 _6;1\
g P B | e —
<Y L2l Pem N
NN L N imysyasieind
1 M
50 QQ' 54/ ! sgbvé] Al e2 ]
D) WUEY ISRO] N
B; o o
D@ AR DD N
_ O
O N7l
A .f

________________

b e el — e ]

|
o E

Q0| e (&) D]
S_ZJK/! 56 ﬁ) A 60 | A 6&17i A
ST EVARN |




S1

Coefﬁcienf_s of Correlation between the Revised Minnesota Paper Form Board Test and Other Tests

MPFB Other Tests
Tost ' Group N r Series Mean SD Mean SD
Measures of Intelligence, General
Ability, and Reasoning
Wechsler - Bellevue Intelligence High school students, aged 16.5-19.5 100 — 392 12.1
Scale " (Magsdick, 1950)
Full Scale L1** 113® 15.3
Verbal Scale AT 53b 9.5
Performance Scale 62%* 60 7.6
Stanford-Binet Intelligence Scale, 74 boys and 87 girls, age 10, in the 161 S4x* AA — — —_ —
Form L, 1937 Revision Brush Foundation Study of Child
Growth and Development (Ebert &
- Simmons, 1943)
Army Group Examination Alpha Male prison inmates, aged 15-, 994 TH* AA or BB 333 11.7 94.0 13.7
modal age = 17 (R. T. Norlund,
personal communication, from 1948
manual)
Army Group Examination Alpha, Male prison inmates, aged 18-57 1000 68** AA 30.3 14.1 — —
Form § : (Gurvitz, 1950) ’
Revised Beta Examination Male prison inmates, aged 18-57 1000 ) b AA 30.3 14.1 65.0° 10.1
: (Gurvitz, 1950) ’
Otis Self-Administering Tests of Male applicants to a large eastern 53 52> AA 41.0 11.0 47.84 11.9
Mental Ability: Higher Examin- manufacturing company for posi-
tion, Form A tions as machine apprentices, aged
17-26, mean age = 20.3, mean
grade completed = 12.0 (Personal
communication, 1956)
Otis Self-Administering Tests of Male supervisors (mostly assistant 40 39* — — — — —
Mental Ability: Higher Examina- foremen) in an aircraft factory
tion, Form A (20-minute time (Sartain, 1946)
limit)
Male inspectors in an aircraft factory 46 62%* —_ 345 10.5 28.6 9.5
‘ (Sartain, 1945)
The Henmon-Nelson Tests of College freshmen, 150 male and 150 300 45%* AA 41.2 10.1 433 11.3

Mental Ability, Form B (for Col-
lege Students)

female (Alteneder, 1940)

—

(Table continued on next page) 3]
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‘TABLE 7 (continued)

Coefficients of Corrélation:between the Revised Minnesota Paher'Form Board Test and Other Tests

MPFB Other Tests

Test . Group N r Series Mean SD Mean SD

Wonderlic Personnel Test, Form D Male applicants for engineering posi- 201 18%* MB 48.8 7.3 323 5.7
tions at an electric utility (Personal : ' .
communication, 1964)

Arthur Stencil Design Test . High school students, aged 16.5-19.5 100 S2** — A 39 12.1 14 4.5
, (Magsdick, 1950)

Cardall Test of Practical Judgment Male inspectors in an aircraft factory 46 A3** — 34.5 '10.5 160.1 45.4
(Sartain, 1945) :

Minnesota Engineering Analogies Male engineers and scientists at a 327 25%* AA 50.3 7.9 3211 7.1
Test, Form F large electrical company (Personal
communication, 1960)

Minnesota Engineering Analogies Male applicants for engineering posi- 201 04 MB 48.8 7.3 30.7 5.6
Test, Forms E and F tions at an electric utility (Personal - '
‘ communication, 1964)

Measures of Numerical Ability

Personnel Tests for Industry— Male. applicants to an east coast 216 ATH* MA 41.1. 10.3 16.8 6.2
Numerical _ : chemical company (Personal com-
munication, 1960-61)

Male employees in an east coast 83 S5%* - MA 389 9.8 16.9 4.5
chemical company (Personal com-
munication, 1960-61)

Male electrical maintenance workers 122 - 53%* . : MA 39.0 9.9 19.2 6.3
at a large metropolitan public trans- .

portation company (Personal com-

munication, 1964) '

Male apprentices in mechanical and 178 J38** AA or BB . 44.8 7.8 223 49
electrical positions at several plants ' ‘

of a large metals manufacturer

(Personal communication, 1969)

Male automotive personnel at a large 53 5% MA 39.9 8.7 16.0 8.8
metropolitan public transportation :

company (Personal communication,
1960)

—f
(Table continued on next page) g
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_ TABLE' 7 (continved)

Coefficients of Correlation between the Revised Minnesota Pdper Form~Boa|;d Test and Other Tests

Test

Group *

MPFB

Other Tests

Series - Mean

sD

Mean

sD

Short Employment Tests—
Numerical, Form 2

Measures of Verbal Ability

Personnel Tests for Industry—
Verbal

Wide Range Vocabulary Test,
Form B -

SRA Primary Mental Abilities:
Word-Fluency

Measures of Spatial Ability

Revised Beta Examination, Test 4

Minnesota Spatial Relations Test

Male applicants for engineering
positions at an electric utility (Per-
sonal communication, 1964)

Male electrical maintenance workers
at a large metropolitan public trans-
portation company (Personal com-
munication, 1964)

Male apprentices in mechanical and
electrical positions at several plants
of a large metals manufacturer
(Personal communication, 1969)

Male automotive personnel at a lar.ge\
metropolitan public transportation*
company (Personal communication,
1960)

Male applicants for engineering posi-
tions at an electric utility (Personal
communication, 1964)

Male applicants for engineering posi-
tions at an electric utility (Personal
communication, 1964)

Male prison inmates, aged 18-57
(Gurvitz, 1950)

Male prison inmates with IQs of 90
and above (W. P. DeStephens,
personal-communication, 1950)
Literates (reading above Grade 4.4
level)

Illiterates (reading bélow Grade 4.4
level) :

201

122

177

53

201

201

1000

334

167

20%*

45%*

.34*#

J9%*

10

12

62**

61**

Jg**

MB 48.8

MA 39.0

AA or BB 448

MA _ 39.9

MB 48.8

MB 48.8

AA - 303

MB 38.2

MB 27.8

7.3

9.9

7.8

8.7

13

7.3

14.1

419

34.6

38.1

30.9

73.1

10.1

13.7

9.7

7.4

6.6

10.8

11.3

2.6

—

: o
(Table continued on next page)
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"TABLE 7 (confinued)

. Coefficients of Correlation between the Revised Minnesota Paper Form Board Test and Other Tests

Test

Group

MPFB

Other Tests

Series

Mean

SD

Mean

sD

Wechsler-Bellevlie Intelligence
Scale, Block Deﬁign

Survey of Space Relations Ability

Differential Aptitude Tests: Space
Relations .

Measures of Mechanical Ability

Bennett Test of Mechanical Com-
prehension, Form AA

High school students, aged 16.5-19.5
(Magsdick,| 1950) ‘
Engineering school freshmen, aged
17.5-21, mean age = 18.2 (Estes,
1942)

War veterans in a general medical
and surgical hospital (Schiltz &
Knapp, 1955)

War veterans in a general medical
and surgical hospital (Schultz &
Knapp, 1955)

Male apprentices in mechanical and
electrical positions at several plants
of a large metals manufacturer
(Personal communication, 1969)

I i
F

Male applicants to a fabricated
metals factory (Personal communica-
tion, 1956)

Male applicants for positions as
apprentice foremen at a western
manufacturing company (Personal
communication, 1955)

9 . n
Male inspectors in an aircraft factory
(Sartain, 1945)

Male apprentices in mechanical and
electrical positions at several plants
of a large metals manufacturer
(Personal communication, 1969)

Male supervisors (mostly assistant
foremen) in an aircraft factory
(Sartain, 1946)

100

103
28
3

63

111

69

46

179

40

61**

40**

63**

67

5S4

20*

J5%*

27

)

31+

AA

AA or BB

AA

AA

AA or BB

39

46.4

42.1

36.6

404

345

44.7

12.1

8.1

1.7

11.6 .-

9.4

10.5

7.9

13¢

33.2

54.2

38.7

214

45.0

2.7

3.7

211

9.4

9.5

8.7

6.5

(Table continued on next page) S-,"
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‘Coefficients of Correlation between Ihg Revised Minnesota Papér Form Board Test and Other Tests

; TABLE 7 (continued)

Test

~ o

Group

MPFB

Other Tests

Series

Mean

sD

" Mean

sD

Bennett Test of Mechanical Com-
prehension, Form BB

#

Carl Hollow Square Scale

O’Connor Wiggly Block

MacQuarrie Test for Mechanical

- Ability

O’Rourke Mechanical Aptitude
Test, Form A

Bennett Hand-Tool Dexterity Teﬁt
il

Male autofnotive personnel at a large
metropolitan public transportation
company (Personal communication,
1960) 2

Male elect‘rical maintenance workers
at a large metropolitan public trans-
portation ,company (Personal com-
munication, 1964)

Male draf}fsmen in a large nationwide
electrical “manufacturing company
(Personal communication, 1964)

Male applicants, aged 17-26, to a
large eastern manufacturing company
(Personal communication, 1956)

" Engineering school freshmen, aged

17.5-21, mean age = 18.2 (Estes,
1942) : "

Engineeriﬁg school freshméh, aged
17.5-21, mean age = 18.2 (Estes,
1942)

Male inspectors in an aircraft factory
(Sartain, 1945)

Male inspectors in an aircraft factory
(Sartain, 1945)

Male aduits (mostly veterans) at a
vocational guidance center (Personal
communication, 1946)

Male electrical maintenance workers
at a large metropolitan public trans-

portation company (Personal com-*

munication, 1964)

Male automotive personnel at a large
metropolitan public transportation
company (Personal communication,
1960)

53

122

64

53

103

103

" 46

46

253

122

53

39**

AT

43>
46+
.44** l
31

J31*

.09

.33**f

24%1

23

MA

MA

AA

AA

AA

AA

AA

MA

MA |

39.9

39.0

48.7

' 41.0

46.4

46.4

34.5

34.5

41.3

39.0

39.9

8.7

9.9

8.4

11.0

8.1

8.1

10.5

10.5

10.6

9.9

8.7

26.5

25.5

415

225

117.2

38

58.6

171.5

11.0

9.6

54

10.1

10.7

21

11.0

49.8

Time in Seconds

423"

393.4"

352.3"

84"

" 60.3"

70.9"

(Table continued on next page)
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TABLE 7 {continued)

Coefficients of Correlation between the Revised Minnesota Paper Form Board Test and Other Tests

MPEB Other Tests
Tes!l . Group ‘ N r " Series Mean SD Mean sD
Results of a Multi-Ability Study®

SRA Primary Mental Abilities: Grade 10, 255 boys and 310 girls 565 AA 39.6 10.2
Reasoning (Mouly & Robinson, 1949) A2** _ 17.4 5.8
Number ' 16> 18.3 7.8
Word-Fluency J9** 38.6 10.6
Verbal-Meaning - 26%* 25.7 9.0
Space ' ) 222 12.5

Grade 12, 239 boys and 287 girls 526 . AA 42.0 9.6
Reasoning (Mouly & Robinson, 1949) ' A2 19.2 5.8
Number ‘ o 21 23.7 9.1
Word-Fluency 16** 45.8 11.4
Verbal-Meaning ‘ 36** 31.2 10.0
Space " ' LA 26.0 12.8

General Aptitude Test Battery, Grade 10, 255 boys and 310 girls 565 AA 39.6 10.2

B-1001:? ' (Mouly & Robinson, 1949)
Computation - . 22%* — —
Arithmetic Reason : 29%* — —
Vocabulary 245+ — —
Tool Matching ' 30** . —_ —
Name Comparison 26%* — —_
Form Matching _ 49** — —
Two-Dimensional Space JT0** — —
Three-Dimensional Space o : ' 52%* — —
: ' [ d "

‘ Grade 12, 239 boys and 287 girls . 526 g AA 42.0 9.6
Computation (Mouly & Robinson, 1949) 26%* — —
Arithmetic Reason ‘ g+ A — S —
Vocabulary |, J0** ) — —
Tool Matching : 28** — —_
. Name Compatison _ » 23** . — —
Form Matching ‘ S1** —_ —
Two-Dimensional Space . J70%* — —_
Three-Dimensional Space ' 49** — —

(Table continued on next page) ;
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TABLE 7 {continued)

Coefficients of Corlieiolion between:the Revised Minnesota Paper Form Board Test and Other Tes’

' B! ! . Xl

MPFB f Other Tests

Test Group . N ) r Series Mean ° SD . Mean sD
Minnesota Clerical Test : Grade 10, 255 boys and 310 girls 565 AA 39.6 10.2
" Number Comparison . (Mouly & Robinson, 1949) : I A 104.7 229
Name Comparison 26** 98.7 271
Grade 12, 239 boys-and 287 girls 526 ’ AA 42.0 96
Number Comparison (Mouly & Robinson, 1949) o 21%x : ' 116.3 32.7
Name Comparison ' . _ 25%* 111.6 28.0

" *Significant at .05 level. . ’

**Significant at .01 level. :

® Mean raw score reported to the nearest whole number, . - " ¥

b These means correspond to weighted scores which were reported to the nearest whole number. Mean weighted scores of 113, 53, and 60 correspond to IQs of 112, 108, and 112, respectively,
on the Full Scale, Verbal Scale, and Performance Scale. .

¢ Mean weighted score. : .

4 Mean raw score which is equivalent to a mean IQ of approximately 106,

¢ Mean weighted score reported to the nearest whole number. .

! The sign of this correlation was changed from negative to positive so as to indicate the true relationship between the two tests. The score on the Hand-Tool Dexterity Test is the time
required to complete the test. Thus, low scores are better than high scores, and negative correlations indicate positive relationships. :

£ In addition to the abilities listed in previous headings (e.g., numerical, verbal), the study included tests of clerical ability.

b Data presented for 8 subtests expected to be most closely related to MPFB; median correlation of MPFB with 7 omitted GATB motor tests = .16 for students in both grades,

‘291
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TABLE 8

i Coefficients of Correlation between the Revised Minnesota Paper Form Board Test and Various Criteria

(Grimsley, 1944)

ing Program

. Criterion MPFB
Group N r Description Mean sD Series Mean sD
3 T
i+ School Success
Students at an industrial institute Course grades:® .
(Bradley, 1958) 46 21 Air Conditioning, Refrigeration 3.0 0.6 MA 42,6 8.1
_ 99, JTH* Auto Mechanics, General 3.2 0.7 MA 42.5 9.8
66 29 Baking ’ 2.8 0.7 MA 37.9 9.5
51 35 Building Construction, Drafting, 3.1 0.7 MA 50.2 6.2
and Estimating
N 42 37 Building Construction, Carpentry 30 0.8 MA 439 7.3
74 52Kk Electrical, General 3.1 0.8 MA 471 8.7
76 23* Machine Shop, General 27 0.6 MA 46.7 7.0
53 31 Mechanical Drafting, General 33 0.7 MA 48.7 8.7
43 40** - Printing, General 28 0.6 MA 44.4 9.2
79 33%* Radio-TV Electronics 3.0 0.9 MA 46.1 8.0
- Students in a basic ;instruction course 84 Course grades: ‘
for aviation mechanics (T. Harrell, A1H* Mechanical Drafting and Blueprint- — — — —_— —_
personal communication, from 1948 - Reading
manual) s 354 Elements of Metalwork — — — — —
College students in a wartime defense 80 Course grade:
t’raining plan, mean age = 22 50%* Machine Design and "Detail — — — — —
(Crawford, 1942) Drafting
Evening college students in a wartime Course grades:
engineering defense training program -85 49** Pre-Mathematics, Mechanics, and —_— — — — —
(Moore, 1941) Strength of Materials
167 4%k Engineering Drafting —_ — — — —
Full-time day college students in a 282 Course grades:
wartime engineering defense program 35+ Engineering Drafting —_ — — — —_
(Moore, 1941) ' 7% Mathematics — - — — —
J4* Mechanics H - —r —_ — —
JA3* Chemistry - — — — —
AT7** Physics (Cooperative Physics Test) — — — — —
Enrollees in engineering, science, Course grades: , .
management, defense  training 22 14 Architectural Engineering — — — — —
(ESMDT) courses at North Carolina 63 J5** Engineering Drawing — — — —_ —
State College during wartime 19 26 Instrument Men — —_ — — —
(McGehee & Moffie, 1942)
\ ] .
Trainees in an aircraft company 165 48+ Grades in a Detail Draftsmen Train- — — — — —

(Table continued on next page) ;
w
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TABLE 8 {continved)

Coefficients of Correlatidn between the Revised Minnesota Paper Form Board Test and Various Criteria

&

09**

"o " Criterion MPFB
Group N r Description Mean SD Series Mean SD
Engineering school freshmen (Estes, 76 S1x* Instructors’ ratings in Descriptive 5.2 1.9 AA 45.0 9.7
- 1942) Geometry, disregarding Drawing
Technique
Entering West Point cadets (French, 361 ' Course grades: MA 45.6° 9.0v
1955) .06b Foreign Language 63.0 5.8 '
2040 English ‘ 62.1 4.1
S53kkb. Military Topography and Graphics 63.5 5.0
31%%b Mathematics 65.4 59
Junior and senjor high school 75 45 Pupil | efficiency: Work  samples — —_ - — —
students (Hunter, 1945) " gradegi‘ -on the basis of accuracy,
quality of finish, and speed
Freshmen dentistry students ) 35 ) o AA ‘ 39.3 8.8
(Thompson, 1942) : , 04 Grade point average for one year of 24 0.8 '
dentisﬁ;ry courses
24 Combination of grade point average — —
: in dentistry courses and ratings of '
. . mechanical technique rqade by two
f] laboratory instructors
Senior dentistry students (Thompson, 40 fi o ’ AA 424 13.9
1942) 31 Grade point average for four years 23 04 :
of dentistry courses
61 Combination of grade point average — —_
in dentistry courses and ratings of
mechanical technique made by two
technical instructors
Art school freshmen, architecture 75 Course grades: AA or BB 44.8 7.8
majors, all male (Bryan, 1942) A3*# Average of all art courses 78.2 5.7
25* Design 78.6 9.0
17 Structural Representation 78.1 6.5
Art school freshmen, art education 218 Course grades: AA or BB 46.7 17.7
majors, 61 male: and 157 female Jd7** Average of all art courses 82.8 4.8
(Bryan, 1942) 21%* Design 82.0 7.0
15* Structural Representation 82.8 6.4
Art school freshmen, design majors, 715 - Course grades: - AA or BB 438 8.1
374 male and 341 female (Bryan, 20%* Average of all art courses 814 53
1942) 20** Design 81.0 8.1
Structural Representation 81.2 7.9

T

—

o
(Table continued on next page)
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"TABLE 8 (continued)

Coefficients of Correlation between the Revised Minnesota Paper Form Board Test and Various Criteria

P
I

t

pharmaceutical supply house (Ghis-
glli, 1942)

visors

Criterion MPFB
Group N r Description - , Mean sD Series Mean sD
Fine arts students (Thompson, 1942) 50 18 Grade point average for all courses 29 0.5 AA 40.8 - 10.2
College freshmen, 150 male and 150 300 30** Average grades for the first semester — — AA 41.2 10.1
female (Alteneder,,1940) K of college . .
Male electrical and mechanical work- 154 A1 Grade 'point average® 'in an in- 35 03 AA or BB 449 79
ers (mostly aged 25-35 with high company training program
school education) for a large metals
manufacturer (Personal communica- s
tion, 1969)
. ‘ Job Success
Male inspectors in an aircraft factory 46 A4TH* Job efficiency: The sum of two 59 1.4 —_ 34,5 10.5
(Sartain, 1945) independent ratings by two instruc-
‘ tors in a refresher course for inspec-
tors '
Male draftsmen in a large nation- 64 22 Perfor‘r_nance ratings: The sum of six 220 34 AA 48.7 8.4
wide electrical mahufacturing com- ' 5-point ratings on thé following :
pany (Personal communication, qualities: Productivity, quality of
1964) ' : work, knowledge of work, sense of
responsibility, relations with others,
self-control
Male electrical maintenance workers 122 : . MA 390 9.9
at a large metropolitan public trans- 24>+ Supervisory ratings composed of the 213.8 30.2
portation company (Personal com- following scales: 6 personality traits,
munication, 1964) behavior in 11 areas, performance in
4 areas »
48** Age-level index:d Overall achieve- | 17.7 9.1
ment level of each man '~
Male automotive personnel at a large, 53 ; . : . " MA 39.9 8.7
metropolitan public transportation 21 Supervisors’ ratings of job perform- 105.2 10.2 S
company (Personal communication, ance
1960) 21 Age-level index: Overall achievement 13.8 8.3
level of each man
Male employees in an east coast 83 35%* Performance ratings by supervisors? 33.7 —_— MA 38.9 9.8
chemical company (Personal com-
munication, 1960-61) _
"Female inspector-packers in a 26 ST Ratings of job proficiency by super- — — —_— — —

—h

(Table continued on next page) &
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TABLE 8 (continued)

'
Y

Coefficients of Correlation between the Revised Minnesota Paper Form Board Test and Various Criteria

i

Grbup '

Criterion

Description

Series

Male and female inspectors in air-
craft plants (Shuman, 1945a)

Male engine testers in aircraft plants
(Shuman, 1945a)

Male and female machine operators
in aircraft plants (Shuman, 1945a)

Male foremen in aircraft plants
(Shuman, 1945a)

Male job setters in aircraft plants
(Shuman, 1945a)

Male toolroom learners in anrcraft
plants (Shuman, 1945a)

Male electrical and mechanical work-
ers (mostly aged 25-35 with high
school education) for a large metals
manufacturer (Personal commumca-
tion, 1969)

Male supervisors (mostly assistant
foremen) in an aircraft factory
(Sartain, 1946)

Male supervisors in aircraft plants
(Shuman, 1945b)

Front-line supervisors eligible for
promotion to forémen at a manufac-

1965

Male bricklayers, World War II
veterans, enrolled in a commercial
institute (Ferson, 1951)

turing company (Dicken & Black,
)

49

45

- 81

99

25

64

178

40

208

31

150

BO**E
16f

.38**f
Q7L
'59*;1'
42%Hi

.14

.10

'391““

23
27

38**

Ratings of job successe

Ratiﬁgs of job successs ..

Ratings of job success®

Ratings of job success*® -
Ratings of job success®
Ratings of job success®

Supervisors’ ratings of overall job
performance®

Job efficiency: The sum of the stand-
ard scores of four ratings (Two
different rating forms were filled out
by two superiors of the supervisors
studied)

Ratings of job success given by
superiors of the supervisors studied,
on the following characteristics:
Production, handling workers, con-
dition and maintenance of depart-
ment, general overall ability

Final salary
Job level increase

- Weighted combination of instructor’s

performance ratings! and oral trades

AA_
AA - ‘
AA
AA
AA

AA

AA or BB

AA

BB

questions test scores

(Table continued on next page) ;
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TABLE 8 (continued)

Coefﬁcienfs of Correlaiiori. between the Revised Minnesota Paper Form Board Test and Various Criteria

-Criterion - MPFB

Group N r Description " Mean sD Series Meén sD
Male auto mechanics, World War II 87 48** Weighted combination of instructor’s — — BB —: —
veterans, enrolled in a commercial ! performance ratings’ and oral trades :
institute (Ferson, 1951) - ! questions test scores
Male plumbers, World War II vet- 173 S6** Weighted combination of instructor’s — — BB — —
erans, enrolled in a commercial : performance ratingsi and oral trades
institute (Ferson, 1951) i questions test scores
Male linotype operator trainees 27 29 Objective measure of production — — — 38.7 8.9
(Beamer, Edmondson, & Strother, . (lines per hour minus twice the errors ‘
1948) | - made) : E
Female power sewing machine opera- . 52 32* Quality of work as indicated by per- — —_ AA or BB — —
tors (Otis, 1938) ' . . formance on a series of work samples
Male engineers and scientists in de- 148 .19* Salary (with the influence of age —351.2 1726.7 AA 50.2 8.0
velopment classifications at a large : removed statistically)* ’
electrical company (Personal com- !
munication, 1960) : '
Male engineers and scientists in re- 116 24** Salary (with the influence of age 448.0 2062.0 "AA 50.3 8.1
search classifications at a large removed statistically)* C
electrical company (Personal com-
munication, 1960)

*Significant at .05 level. . _

**Significant at .01 level.
* Grades were converted to the following scale: A = 1; B = 2; C = 3; D = 4; F = 5. Since low scores are better than high scores, positive relationships would be indicated by nega-

tive correlations. To show the true relationships between the MPFB and the
b Mean and standard deviation based on original total group of 410 cadets;

° Grade point averages were converted to the following scale: A = 4;B = 3; C = 2.

4 This index relates chronological age and level of achievement. Age-level index = 1

Y = years in level,

f Biserial r.

& Ratings made by trained workers who interviewed one or
b Ratings ranged from 1 (low) to 5 (high).

i Mean biserial r for groups tested.

i Performance ratings based on quality, quantity, and job knowledge.

" "= Ratings on each of four job characteristics: quality, quan

H

00L — (A-Y)
A+ (Y-D)

more supervisors familiar with work of those being rated.

¥ Criterion value for an individual is the deviation of his income from the expected salary for his age.

1

criteria, the signs of the correlations were changed from nega
coefficients of correlation based on'361 of original group of cadets.

ti;y, dependability, attitude. Sum of ratings could range from 10 (poof) to 50 (excellent).

tive to positive.

'

where L = weighted level according to position (level 10 down to level 3); A = age;

(91
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Goodenough..Harrls_D_rawmgIest

By Florence L. Goodenough and Dale B. Harrzs

191.b

Name. Boy. Girl
chool Date of Drawing
Srudﬂii Age _Birth Date. B
‘ather’s Qccdpdﬁ_on
'Exthine.r's.-N‘;!e.s o T ': Summary o
N ' Percénﬁl.e Ronk

* ~Raw Score Standard Score

o ~ Point Scale

. ~Mon

. Woman

Average .-

-Self

E duulify Scale

" Man ,

" Woman

Average

3 Copyr'ightb 1963 by Harcourt, Brace § World, Inc., New York. All rights reserved. Prinled in usAa. . |

LE |




Make Your First Drawing Here.

Draw a picture of a man. Make the very best picture you can. Be sure to make the
whole man, not just his head and shoulders.

192

1. 4]
2 42
3 43
4 44
5 45
6 46
7 47
8 48
9 49..
10 50
1 51
12 52
13 53._
14 54
15 55
16 56
17 57
18 58
19 59
20 60
21 61
22, 62
23 63
24 64
25 65
26 66
27 67
28 68
29 69
30 70
31 71
32 72
33 73
4.
'35
36 _
37
38
39.
40._".

Raw Score



9 DRAWINCS AS MEASURES OF INTELLECTUAL MATURITY

TABLE

Summary of Correlalions Belween Goodenough Scores

7 and Scores on Other Psychological Tests

PRIMARY MENTAL ABILITIES

Ansbacher (1952)

Harris (unpublished)

Yepson (1929)
McElwee (1932)

Williams (1935)

Havighurst and
Janke (1944)

McHugh (1945)

Pechoux, et al. (1947) .

Rottersman '(1950)
Johnson, et al. (1950)

Ellis (1953)

100 ten-year-olds

164 kindergqucn children

<

STANFORD-BINET

37 institutionnlized mentally
retarded boys, aged nine to
eighteen years

45 fourteen-and fifteen-year-
olds, ungraded clasy

100 children, aged three to
fifteen, subnormal to gifted

70 ten-year-olds

90 kindergarten children

100 abnormal and delin-
quent children aged five to
eighteen .

50 six-year-olds’

all mentally subnormal, epi-
leptic, and brain-damaged
children in a state hospital

116 children in outpatient
psychiatric clinic, aged four

" {o nine years

CORRELATIONS
(PMA quotients)
.40 Reasoning
.38 Space
.37 Perception
.26 Verbal Meaning
24 Number

41 Total test

(Raw scores)
.29 Verbal Meaning
.17 Perceptual Speed
.43 Quantitative
.43 Motor '

.46 Space

46 Total score

. CORRELATIONS
.60 (IQ values)

.72 (MA values)

.80 (MA values)
.65 (IQ values)

.50 (IQ values)

45 (MA values)
41 (IQ values)

.38 boys (MA values)
26 girls (MA values)

.36 (IQ values) .

-48 (IQ values)

AGE N )
75 4 17 (MA values)
78 6 19 a
69 6 20
a9 7 26
92 8 20
60 9 14

193,
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" TABLE 7 (condinued)

'WECHSLER INTELLIGENCE SCALE FOR CHILDREN

_ CORRELATiONS '
Rottersman (1950) 50 six-year-olds S V .38 (IQ values) :
| Fs. ;
- Hanvik (1953) 25 psychmtnc patlents aged FS .18 (rho, IQ, values) -
five to twelve years _ :
Ellis (1953)  ~  psychiatric outpatients, aged a1Q values) '

- eight to thirteen v P FS AGE N

- WECHSLER ADULT INTELLIGENCE SCALE

, . CORRELATIONS
. Berdie (1945) - 56 older, retarded ndolescents .62 (Raw scores)
Gunzburg (1955) adult mental defcd,lvcs < V 43 (IQ values)
: P 73
FS .63
. MISCELLANEOUS TESTS A
_ R ' o CORRELATIONS
Havighurst and 70 ten-year-olds . (IQ values)
Janke (1944) .63 Corncll-Coxe
' I . .48 Minnesota Paper Form-
- S ~ board
" "Pechoux, etal. (1947) 100 abnormal and ~delin- (MA values)
- - quent children, nged five to .25 boys Porteus Mazes
. eighteen years . 27 girls Porteus Mazes
Ansbacher (1952) 100 ten-year-olds . (Raw scores)

.34 Tracing McQuarrie Test
.23 Tapping of Mechanical
.16 Dotting  Ability -

. MHarris (1959) . 98 kindergarten children 22 (Raw scores) Raven Pro-
; ) . gressxve Mat~
, rices (1947)
Spoerl (1940) 30 mentally retarded chil- Examination, presumably indi-
dren, tested during three vidual, not named (IQ values)
" successive years .56 ﬁrst year

.67 second year
.78 third year

194.



Thé Test Manual

W N =

b

OO0

11.
12.

13.
14.
15.

16.
17.
18.
19.
20.
21.

22,
23.

. Head present
. Neck present
. Neck, two dimen-

sions

. Eyes present N
. Eye detail: brow or

lashes

. Eye detail: pupii
. Eye detail: propor-

tion

. Eye detail: glance

. Nose present

. Nose, two dimen-
sions
Mouth present
Lips, two dimen-
sions

Both nose and lips
in two dimensions
Both chin and fore-
head shown

- shown; chin clcarly
differentiated from
lower lip '
Line of jaw indi-
cated

Bridge of nose

Hair I

Hair II

Hair 111

Hair IV

Ears present -

Ears present: propor-
tion and position

‘Projection of chin.

Short Scoring Guide *

MAN POINT SCALE

24.
25.

26.

48.

Fingers present

Correct number of

fingers shown
Detail of fingers cor-
rect

7. Opposition of

thumb shown

. Hands present
. Wrist or ankle

shown

. Arms present

. Shoulders 1

. Shoulders 11

. Arms at side or en-

gaged in activity

. Elbow joint shown
. Legs present

. Hip I (croich)

. Hip II

. Knce joint shown

. Fect 1: any indica-

tion :

. Feet IT: proportion

. Fect I11: heel

. Feet IV: perspective
. Feet V: dctuil _
. Attachment of arms

and legs |

. Attachment of arms

and legs 1

. Trunk present

. Trunk in propor-
tion, two dimen-
sions

Proportion: head I -

66.
67.
- 68.
69.
70.
71.

72
73.

275

. Proportion: head. II
. Proportion: face

. Proportion:
. ‘Proportion: arms II
. Proportion: legs

. Proportion: limbs in

arms [

two dimensions

. Clothing I

. Clothing II

. Clothing 111

. Clothing 1V

. Clothing V

. Profile 1

. Profile II

. Full face

. Motor coordination:
" lines _

. Motor coordination:

junctures

. ‘Superior motor co-

ordination

Directed lines and
form: head outline
Directed lines and
form: trunk outline
Directed lines and
form: arms and legs
Directed lines and
form: facial features
“Sketching” tech-
nique

“Modeling” tech-
nique _
Arm movement
Leg movement

* For use only after the scoring requirements have been ‘m_astered.
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294 ' DRAWINGS AS MEASURES OF INTELLECTUAL MATURITY
TABLE L ' '
39 Table for Converling Raw Scores {o Standa(-d Scores -
Drawing ofa Man, by Boys
" AW _ CHRONOLOGICAL AGE IN YEARS . RAW
BeomE |3+ [4*| 5 |6 [7]8[9[10][1]12]13]14]15 |SCORE
0 68 55 53 52 51 50 49 ' -0
1 73 61 56 54 53 52 50 1
2 77 66 59 57 55 54 52 H0 51 2
3 82 70 62 60 57 56 51 b2 52 3
4 8 74 65 62 59 B8 A5 L1 54 51 4
5 91 78 68 65 62 60 57 nHh 55 52 5
6 95 83 71 68 64 62 59 b7 56 53 -6
7 100 87 74 70 66 63 GO b8 58 55 50 7.
8 104 91 77 73 68 65 02 ) 50 56 51 8
9 109 96 80 75 70 67 63 OF 60 57 53 9
10 113 100 83 78 72 G0 65 G3 62 59 54 50 50 10
11 118 104 86 81 75 71 67 ¢4 63 60 56 52 52 11
12 122 100 89 83 77 73 69 60 05 61 57 53 53| 12
13 127 113 92 86 79 75 70 67 46 63 58 55 55 13
14 131 117 95 89 81 77 72 Gh 68 64 60 86 60 14
15 136 122 98 91 84 79 74 70 09 66 61 58 57 15
16 140 126 101 94 86 81 75 72 70 67 63 59 59 16
17 145 130 104 96 88 83 77 71 12 68 64 60 60 17
18 149 134 107 99 90 85 79 .75 73 70 65 62 62 18
19 154 139 110 102 92 87 80 76 74 71 67 63 63 19
20 158 143 113 104 94 89 82 78 76 72 68 65 64 20
21 163 147 116 107 97 90 84 79 77 73 70 66 66 21
22 168 152 119 110 99 92 85 81 78 75 71 68 67 22
23 172 156 122 .112 101 94 87 82 80 76 73 69 69 23
24 V 160 125 115 103 96 89 84 81 78 74 70 70 24
23 164 128 117 105 98 90 86 83 80 75 72 72 25
26 169 131 120 108 100 92 87 84 81 77 73 73 26
27 173 134 123 110 102 94 89 85 82 78 75 74 27
24 177 137 125 112 104 95 90 87 83 80 76 76 28
29 140 128 114 106 97 92 88 85 81 78 77 29
30 143 131 116 108 99 93 90 8 82 79 79 30
31 146 133 119 110 100 95 91 87 84 80 80| 31
32 149 136 121 112 102 96 92 89 85 82 81 32
33 152 138 123 114 104 98 94 90 87 83 83 33
34 141 125 116 105 99 95 92 88 85 84 34
35 144 127 118 107 101 97 93 89 86 86 35

* These values have been calculated from samples which are not as representative as the
age samples from 5 through 15 years. They are likely to be a little high for unselected or more
adequately representative samples. They are offered as tentative guides for use with pre- .

_The Test Maenual
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TABLE 32 (coniinued)
RAW CHRONOLOGICAL AGE IN YEARS RAW
BCORE | 3 |4 |5[6[7]8[9[10]1[12]13]14]15 |SCORR
36 146 130 119 109 102 98 94 91 88 87| 36
37 149 132 121 110 104 99 96 92 89 88| 37
38 134 123 112 105 101 97 94 90 90| 38
39 ©136 1257114 107 102 98 95 92 91| 39
40 138 127 116 108 103 100 96 93 93| 4o
41 141 129 117 110 105 101 08 95 04| 41
42 143 131 119 111 106 102 99 96 96| 42
43 145 133 121 113 108 104 101 98 97| 43
44 147 135 122 115 109 105 102 99 98| 44
45 149 137 124 116 110 106 103 100 100| 45
46 139 126 118 112 108 105 102 101] 46
47 141 127 119 113 109 106 103 103| 47
48 143 129 121 114 .111 108 105 104| 48
49 145 131 122 116 112 109 106 105| 49
50 146 133 124 117 113 110 108 107| 50
51 148 134 125 119 115 112 109 108| 51
52 150 136 127 120 116 113 110 110| 52
53 137 128 121 117 115 112 .111| 53
54 . 139 130 123 119 116 113 113| 54.
55 141 131 124 120 118 115 114| 55
56 142 133 125 121 119 116 115| 56
57 144 134 127 123 120 118 117| 57
58 146 136 128 124 122 119 118| 58
59 147 137 130 126 123 120 120| 59
60 110 139 131 127 125 122 121| 60
61 140 132 128 126 123 122] 61
62 142 134 130 127 125 124| 62
63 143 135 131 120 120 125| 63
64 145 137 132 130 128 127 64
65 146 138 134 132 129 128] 65
66 148 139 135 133 130 130| 66
67 150 141 136 134 132 131 67
68 142 138 136 133 132| 68
69 - 143 139 137 135 134] 69
70 145 140 139 136 135 70
71 146 142 140 138 137| 71
72 148 ‘143 141 139 138| 72
73 149 145 143 140 139| 73
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TABLE , . . ‘
33 Table for Converling Raw Scores lo Standard Scores _ 4
. | SR . TAB nlinue
. Drawing of a Man, by Girls . _ TA . LE 33 (co d) :
RAVW CHRONOLOGICAL AGE IN YEARS RAW RAW CHRONOLOGiCAL AGE IN YEARS RAW
BCORE | 3+ 4+ ] 5| 6 [ 7]8 ]9 [10[1n]12]13]14]15 | SCORE S8CORE | 3 | 4|5 | 6| 7|8 |910]11]12]13]14]15 |BCORE
0 66 58 50 50 .49 . - 0 36 : 140 127 116 107 100 94 90 87 86 85 36
1 70 62 53 52 51 50 1 37 143 129 118 109 101 95 91 89 87 86 37
2 74 66 56 55 53 51 : 2 33 - . 146 131 120 111 103 97 93 91 89 88 38
3 78 70 59 57 &85 53 60 3 -39 148 134 122 112 104 - 98 94 92 90 90 39
4 83 74 62 60 58 55 &2 4 40 151 136 124 114 106 100 96 94 92 91 40
5 |8 78 65 62 60 57 5 50 5 41 138 125 116 108 101 97 95 94 93| 4
6 9] 81 68 65 62. 59 &5 M 6 42 140 127 118 109 103 99 97 - 95 95 42
7 96 85 70 67 64 61 4H7 B} 49 7 43 142 129 119 111 104 100 98 97 96 43
8 100 8 73 70 66 63 59 £#3 51 49 8 44 144 131 121 112 106 102 100 98 98 44
9 104, 92 76 72 69 65 G1 hHo 52 51 9. 45 147 133 123 114 107 103 101 100 100 45
10 1108 9 79 75 71 67 62 M 54 52 10 46 149 135 124 116 109 104 103 101-101| 46
11 113 100 82 77 73 69 64 M 55 54 50 11 47 151 137 126 117 110 106 104 103 103 47
12 117 104 85 80 75 70 64 o1 57 55 51 12 48 © 139 128 119 112 107 106 104 105 44
13 121 107 87 82 77 72 67 4} 58 56 53 50 13 49 141 130 120 114 109 107 106 106 49
1t 126 111 90 85 79 74 69 af -60 58 54 51 14 50 142 131 122 115 110 109 108 108 50
15 130 115 93 87 82 76 71 68 61 59 56 53 50 15 51 144 133 124 117 112 110 109 110 51
16 134 119 96 90 84 78 73 47 63 61 57 54 51 16 52 146 135 125 118 113 112 111 111 52
17 130 122 99 93 8 80 74 69 64 62 59 56 53 17 53 148 137 127 120 115 113 112 113 53
18 143 126 102 95 83 82 76 71 66 64 60 57 55 18 54 150 138 128 121 116 115 114 115 54
19 147 130 105 98 90 83 78 72 68 65 62 59 56 19 55 - 140 130 123 118 116 115 118 55
20 152 I134 107.100 92 8- 80 7+ 69 66 63 61 &8 20 56 142 132 124 119 118 117 118 56
21 156 137 110 103 95 88 8! 75 71 68 65 62 60 21 S57. 143 133,126 120 119 119 120 57
22 160 141 113 105 97 89 83 77 172 70 66 64 61 22 58 145 135 127 122 121 120 121 58
23 165 1’49 116 108 99 91 85 79 74 71 68 65 63 23 59 *147 136 129 123 122 122 123 59
24 169 152 119 110 101 93 886 80 75 72 69 67 65° 24 60 140 138 130 125 124 123 125 60
25 173 156 122 11.3 103 95 88 82 77 74 T71. 68 66 25 61 160 140 132 126 125 125 126 61
26 177 160 124 115 105 97 900 83 78 75 72 70. 68 26 62 141 133 128 127 126 128 62
27 164 127 118 108 909 92 B5 80 77 74 72 70 21 63 143 135 129 128 -128 130 63
28 168 130 120 110 101 93 87 81 78 75 73 71 28 64 \ 144 137 131 130 130 131 64
29 171133 123 112 103 95 88 83 80 77 75 173 29 65 " 146 138 ]32 131 131 133 65
30 175 136 125 114 105 97 90 84 81 78 76 75 30 66 148 140 _13& 133\)133 135 66
81 139 128 116 106 98 91 86 83 80 78 ‘76 31 67 149 141 135 134 134 136 67
32 142 130 118 108 100 93 87 84 81 79 78 32 68 151 143 1306 136 136 138 68
33 144 133 121 110 102 95 89 86 83 81 80 33 69 . 144 138 138 137 140 69
34 147 135 123 112 104 96 91 87 84 83 81 34 170 146 139 139 139 141 70
3 ., 150 138 125 114 105 98 92 88 86 84 83 35 71 147 141 141 141 .143 71
' . 72 149 142 142 142 145 12
* These values have been calculated from samples which are not as representative as the 73 150 . 144 144 144 146 13
age samples from 5 through 15 years. They are likely to be a little high for unselected or more

adequately representative samples. They are offered as tentative guides for use with pre-
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-APPENDIX 8

"Thé following example illustrates the k

Ca]cu]ation for TRE and MRE.

the manual map is.subtracted from the fea] ratio and from the mean ratio.

The:subjeét’s ratio for each_wa]l'of

' The absolute differences are then summed to produce a total error score.

Individual room scores can also be calculated.

198.0

- Subject's  Real | True Ratio | Subject's ,Mean ~ Mean Ratio .
Wall = Ratio Ratio Error (TRE) Ratio Ratio Error (MRE) .
AE 458 4.4 44 458 4.30 .28
" AS  2.60  2.55 .05 2.60  2.52 .08
oM 1.00 93 .07 1.00 1.25 .25
MF .60 57 .03 .60 76 16
Error 8.54 8.94

' ‘Total




APPENDIX 8 -

LIST OF DISTANCE RATIOS

™

.16

~ Real Average | Male Head Female Head Others
1. AE | 414 | 430  4.26 - 4.47 4.04
2. AS | 2.55 252 2.49 12.60 2.48
3. SV | 2.43 1.88 ©2.30 2.45 2.38
4w .18 27 .26 .40 .23
5. X | 1.71 1.93 1.94 - 2.02 1.68
6. XE | 2.73 2.64 2.62 2.70 255
7. mB | 1.25. 1.33 1.29 ©1.38 1.32
8. AJ | 1.09 | 1.5 1.10 1.21 1.10°
9. JL 1.25 1.33 1.27 1.33 1.39
10. 1B | 1.09 1.15 1.10 1.20 1.10
11. BC | .64 71 .75 i .62
2. BF | .77 .84 .83 .85 .82
13. FG .64 .68 .67 L7 .62
14. GC .77 .86 .88 .87 .83
15. €D | 1.23 1.36 1.33 1.47 1.25
16. €0 | 1.18 1.37 1.39 1.38 137
17. 0P | 114 | 1.7 1.13. 1.28 1.05
8. PD | 1.32 1.35 1.34 1.39 1.33
19. DE | 1.02 .97 - 1.01. 1.00 .84
20. DH .68 .78 .80 .80 .75
. HI | 1.02 .78 .80 .80 | .75
22. 1IE .68 .76 7 78 .75
23. HP .64 .60 .62 .60 .58
24 PQ | 1.02° | 1.00 1.02 1.01 .87
25. Q1 | .64 .58 .58 .59 .59
26. JK | 1.00 | .92 .90 .96 .93
27. S | 1.46 | 1.38 1.39 1.42 1.37
28. ST | 1.00 .95 .91 .99 .98
29. TK | 1.46 1.39 1.39 1.43 1.38
30. 1 1.13 1.17 1.14 1.10



Head

Real Average Male ~ Female Head Others
3. MN .55 .75 .71 .81 .74
32, MR .48 .44 .44 43 .46
33. RV .82 .90 .86 .85 .73
34. UT 1.00 1.02 1.01 1.0 1.03
3. W | .43 51 .51 T .38 .
36. - XQ 1.41 1.30 1.29 1.36 1.22
37. Q0 2.16 2.15 - 2.16 2.24 1.92
38. OV 1.23 1.27 1.26 1.32 1.18°
39. 0G .61 .56 .56 .55 .56
40. OM .93 1.25 1.21 1.32 1.18°
41. MF .57 .76 .73 .84

.69 -
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