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INTRCDUCTION

Since 1973 and the Arab oil embargo, there has been a
general trend of rising gasoline prices and several periods
in which there was a shortage of gasoline available to the
COnSuNer. It has become important that the UOnited States
decrease its comsumption of this non renewable resource.
One way of decreasing gasoline use is to increase the use of
public transportation. Another important reason for using
nass transit include its potential for reducing traffic and
air poliuation. Bus companies and the govermment have
attempted to 1increase bus ridership by offering discouats,
special rates, special bus services, better service, and
cleaner and more comfortable buses (Geller et al, 1982).
These changes have mpet with only partial success. An alter-
native approach is to study the adequacy of the bus schedule
in informing the potential passenger about the correct bhuses
to take, starting and arriving times, and other bus route
information. One reason that some people do not use buses
may be gquite simple: the schedunles are incomprehensible.

One study which assessed the ease of obtainiag informa-
tion from bus schedules ({Everett, Anderson, £ MNackranczy,
1977) supported this contentiona In this study, five cate-

gories of pamphlets were used, including route maps, depar-



ture~arrival information, text, advertisements, and general
yamphletsa\ With a particular pamphlet in front of thé sub-
ject, a guestionnaire was given which asked the subject to
plar a trip from a stated origin to a stated destination.
Iin all, seven performance ratings were gathered. The sub-
jects were asked what bus they would take, the departure
time, the cost of the trip, what streets they would travel
on, the ultimate bus stop, the iength.of time the trip would
take, and the returm trip bus.

The results indicated that the pamphlets were indeed dif-
ficult to understand. In ail, 19 pamphlets from acroés the
country were used. The ease of comprehending the pamphlets
was found to vary substantialiy. Correct respomnses for the
seven performance questions ranged from a low of 17 perceat
correct for the least clear paaphlet, to a high of 74 per-
cent correct for the clearest pamphlet. Across all pam-
phlets, performance reached a low of 24 percent of the sub-
jects correctly estimating duration of the trip, and a high
of 53 percent in <correctly naming the ultimate bus stop.
This pattern of results led the experimenters to conclude
that the pamphlets provided by the bus companies were poorly
planneda.

The goal of pictorial bus schedules is to present the

schedule in a form that is ®most comprehensible to the



viewera The most comprehensible format, according to Bar-
tram (1980), is one that is most similar to the particular
form of internal representation of spatial networks made by
the reader. This will minimize the recoding necessary by

the viewer to make use of the external stimulus.

COGNITIVE MAPS

Theoretical Frameworks

Downs and Stea (1973) offer a clear definition of cogni-
tive mappinge.
Cognitive mapping is a process coumposed of a ser-
ies of psychological transformations by which an
individual acgquires, codes, stores, recalls and
decodes information about tihe relative location
and attributes of phenomena in his everyday spa-
tial environment. (p.9)
Observable spatial behavior {e.g. orientation) is assumed to
depend upon the individual's internal representation {cogni-
tive map).

Lynch (1960) identified five structural elements of cog-
nitive maps: paths, edges, districts, nodes, and landmarks.
Paths (channels of movement) and landmarks, are particularly
important to a pictorial presentation of a bus schedule
because bus schedules represent route information and often
include landmarks in a pictorial presentation. The way in
which these elements are presented in a map will affect the

map!s clarity (similarity to internal nmap)e. This point is

elaborated upon later in thkis iatroduction.



Iin addition to affecting a‘may’s clarity, the way in
which the environment is represented will also affect recod-
ing between perception and actiona. Welford (1978) wrote
that the recoding normally reguired between perception and
action falls into two @main classes: spatial traanspositiouns
and symbolic translatiocuns. The former involve mental reo-
rientation, or rotation "Mim the head", of the spatial layout
of a stimulus in order to make use of the stimulus. Typi-
cally, the stimunlus is rotated or inverted to match an
already £xisting internal representation, a comparsion stia-
ulus, or a set of controls.

The second class of recoding is that of symbolic traansla-
tion, whereby the subject must alter coding of the input.
For example, changing a list of instructions into ar inter-
nal spatial network is a form of symbolic translation.

Schedules of bus systems include a spatial network. They
represent the actual physical environment im either a verbal
or pictorial manmner. In either case, the relationships in
the environment (how the sStreets are oriented to omne
another) are represented. Fhen the bus system is repre-
sented in the form of a timetable, a symbolic translation is
necessary. The potential bus passenger nust change the bus
stops (street names) and buses (bus numbers) 1into an inter-

nal spatial network. If, on the other hand, the bus systen



is represented in the form of a map, and the street names
and bus numbers are already represented as a spatial net-
work, less recoding is necessary. The speed and accuracy of
rTeading the schedule should be inproved.

Spatial Descriptions. Downs and Stea (1977) differenti-

ated between two ways of describing the location of a place.
A "process description® imvolves giving directions on how to
get to Point B from Point A. For example, telling a person
to go down the road four blocks, take a right at the 1light,
and turn left at the gas station in order to get to a
theater 1is a process description for the location of a
placea A "state description® of a place can also Le given.
This involves describing the location of a place with refer-
ence to landmarks known to the people involved. Telling
someone that the theater is across the street from the Cham-
ber of Commerce, and next to the fire department, is an
example of a state descriptioxn.

While it is generally possible to generate a process des-
cription from a state description, it is often not possible
to coastruct a state description from a process description.
This is so because a state description requires knowledge of
the spatial layout of an area, while a process description
does not require such knowledge, reguiring only knowledge of

directional cues. Again, an example should <clarify this



pointa. A person, told that the theater is across from one
building and next to amother (a process description), can
{and indeed nust) determine which roads to take and where
and when to turn to get to the theater ({a process descrip-
tion). On the other hand, a person can be given this latter
inforwation and  find the theater, while not knowing what
building the theater is near {i.e. a process descriptiomn
without a state description). A process description can be
inferred from a state description, whereas a state descrip-

tion is not implied in yiving a process description.

Factors Aifecting Cognitive Spatial Representation

Several factors affecting cognitive maps have been inves-
tigated. One of these variakbles is the fawiliarity of the
subject with an area. For instance, omne line of research
has indicated that bheightened familiarity with an acea
results in a more detailed and coaprehensive coguitive map
{Beck and Wood, 1976; Devliin, 19758). One study (Devlin,
1976), focused upon subjects who were mewly located 1in a
town of about 40,000. Devlin asked them to drax a map of
the area on a blank sheet of paper, after they had lived in
town for about two and a half weeks. About three months
later they were again asked to draw a map of the area. The

latter maps had nuch more information draws in, includiag



more street names, wmore landmarks, and additional areas.
The landmarks showing the greatest increase were function-
ally significant omnes which were perceptually salient.
Functionally significaant landmarks are those of special
importance to the subjects: school buildings for studeats
and teachers, hospitals for nurses and doctors, restaurants,
etc. In other words, places that are cften used or seein.
Another study supports similar conclusions. Specifi-
caily, Beck and Wood (1976) looked at the maps drawn by
visitors to European cities. The maps sere collected over a
period of several days. Analysis of the maps again revealed
a change over time. Although the changes included sometimes
progressive and sometimes degenerative changes in the ele-
ments, there was an overall growth of the system due to the
increasing amount of detail (differeatiation) on the maps.
Another line of research concerning familiarity with an
area indicates that people’s representations of a familiar
environment are not truly veridical (Appleyard, 1970; Byrne,
1979; Lynck, 1960). These investigators discovered that
subjects? drawings exhibited the straightening of long dgra-
dual curves, the syuaring of non—-perpendicular intersec-
tioss, and the aligning of nonparallel streets {i.e. a sche-

matic representation of the area).



For exanple, Appleyard {1970) analyzed the maps drawn by
residents in Ciudad Guayana, Venezuela of their local areas
and the whole city. A broad cross-section of the population
was included. The rost commor type of error was the distor-
tion of the roads. Appleyard reported that people appeared
to structure the city in a variety of schematic ways. He
believed that it was necessary, due to the disjointed nature
of street systems, to simpiify the structure by fitting the
urban knowledge into a coherent schera. The result was the
drawing of the meandering roads as straight lines.

Appleyard did not specifically tell his subjects whether
to draw as accurately as possible, or to give a general pic-
ture or schematice. On the other hand, Byrne (1976) asked
her subjects to draw the junction of ten pairs of familiar
roads, paying particualar attention to the angle at which the
roads mnet. The true angles were 60-70 degrees and 110-120
degrees. However, the subjects? drawings closely approxi-
nated a 90 degree angle. Byrne conciuded that people use
representations of the eavironment which rely on the heuris-
tic that Jjanctions and turns are bas=d on a right angle, and
that these heuristics are prone to bias.

Evans (1980) concluded that, due to the influence of pro-
totypic biases, the subjects exhibited these systematic dis-

tortions of the road network 1in their maps. This research



Was taken as evidence that the iaternal representation {cog-
nitive map) of an area is distorted im the ways described.
However, Evans recognized that there are certain methodolog-
ical probleanms. One of these is the potertial iafluence of
experience with using maps asd experience drawing @maps on
the accuracy and the complexity of hand-drawn maps.

In one study, Dart and Pradham {1967) com?ared Nepalese
and American children in their ability to draw maps. The
villagers had no experience with wmaps whereas the Americans
had at least some experiencea The drawings reflected this
difference. The Nepalese children?s drawings were seguen-
tial rather than spatial. That is, the maps were drawn, not
to reflect the environment accurately, but to reflect the
order of elements in the environmeat (buildings, streaas)
that are passed when going frcm one place to another. Amer-
ican children exhibited many more spatial and directional
cuesa.

These results, in addition to other research (Beck and
Wood, 1976) 1indicate that map experience enhances the abil-
ity of the subject to accurately draw the map area. Thus,
the distortions in the drawings found in the previously men-
tioned studies may have bheen methodological artifacts. It
may be that distortions are the result of inexperience with

using maps or with map drawing.
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As Golledge (1976) pointed out, when a subject is asked
to sketch or map an area, both the recall anrd artistic abil-
ity of the individual affect the drawing of the npap. In
order to make a meaningful interpretation of a drawn map,
the nature of the geometric transformation f£rom the stored
environmental knowledge to the extermal reproduction must be
assessed. This applies particularly when attempting to
extract the metric and geometric information from sketched
naterial (e.g. the accuracy of road presentation). In prac-
tice, however, a geometric translation is difficult.

One of the advantages of the map drawing procedure,
Appleyard pointed out, is that by analyzing the subjective
map, iaformatiom <can be obtained about wurban perception.‘
Spatial relationships which are very difficult to verbalize
can be pictured through maps. However, Appleyard makes
clear that maps may not directly reiflect internal cognitive
maps.

That they (maps) do =not indicate visual imagery,
however, makes it important to devise other survey
methods to fill out exactly how people struacture
their cities. {(pl119). :
As Appleyard and Golledge acknowledge, the information that
is included in a map is not necessarily a true reflection of
the actual internal representation.
The research is fairly consistent in ipdicating that as

familiarity with an area increases, knowledge of the detail
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of that area also increases. It has not becn deternined
whether or not that informationm, if included on a map, would
facilitate the readability of a nap. The present researcha
was designed to test this.

The research investigating the effects of familiarity on
cognitive maps has generally imvolved obtainiang data about
internal spatial representations frow subjects' map drawing.
The studies reviewed suggest that internai representation of
the external environment may ke exaggerated and distorted in
that the essential features of a map (i.e. 1lntersectiouns,
directions of roads) are stressed. However, due to the
limitatiouns of the drawing methodology, other more indirect
ways of determining how the environment is internalized must
be performed (Byrze, 1979) . The study described in tkis
paper investigated the nature of cognitive mapping using an
alternative method to map drawing, which was based upou Bar-
tram's 1980 study of spatial information comprehension. His
research attempted to extract ianternal representations more
indirectly, as opposed to the mnore direct methods of tae
previously cited research.

Bartram compared four types of bus route presentations:
two kinds of l1lists of bus stops (alphabetical and seguen-
tial) and two kinds of map drawings of the bus routes "road*

and "schematic. Of interest to the present discussion are
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the mabs_ The road map was an accurate representatior of
the area, ia which all twists and turns of the roads were
portrayed. The schematic map simplified the crucial spatial
relationships; curved roads were straightened and all irre-
levant information was excliuded.

On each map were seven bus routes, the bus stop names and
the route numbers. The experimenter pointed to a location
and named a second locatiosn. The subject was reguired to
Eirst point to the destination, and second name the buses he
would have to use, including transfers, to get there.

The results yielded no differences among the four bus
route presentations for the time it took to poiant to the
destinationa The time to deteraine the correct sequence of
buses was less for the maps than for the 1list. There was
also a difference between the two maps. The time to pick
the correct bus route was faster for the schematic (simpli-
fied) map (15.26 seconds) than for the road {realistic) =map
{(23.26) seconds.

Bartram interpreted these results to indicate that more
recoding is necessary to understasnd the road map than the
schematic m@map. According to Bartram, information about
places and relationships between them is normally repre-
sented internally in a form analogous to a spatial network,

and more specifically, in a schematic network.
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The subjects in this study were unfamiliar with the area
representad by the naps. However, as was nwmentionad,
research has indicated that ope?s cogamitive map increases in
detail and specification as the familiarity with the envi-
ronment increases. As has also been suggested, one's coghni-
tive map may also reflect the area more veridically as fam—
iliarity increases.

One previous study did compare subjects familiar with an
area to subjects unfamiliar with the area along several
rap-reading dinensions. Specificalily, Everett et al (1877)
detected no relationship between familiarity and perfor-
mance, the latter being measured by the seven ratings previ-
ously mentioned. The mean performance scores of +the sub-
jects familiar with +the city were compared to the subjects
who weré pot familiar with the city, yielding no difference
in scoresa.

However, the data collected in the Everett et al study
were collected on one city. The subjects were either famili-
iar with the area, as determined by self-ratings, or they
were not. A within-subjects desigu was used in the preseant
study. Specifically, two different areas were shown to each
subject, one familiar and ome unfamiliar, and the two areas
were compared for the same subjects. Everett et al's exper-

iment was a between-subjects study, in which the sape area
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was compared. In addition, Everett et al pointed out that
there was a relatively small number of subjects possessing
the moderate to high level of familiarity (18 percent of the
total number of subjects). They specifically suggested
further study with a more balanced sample of subjects.

It is important to compare a familiar with an uafamiliar
area along these two dimensions of detail and road structiure
because a relevant coantribution will be made toward our
knowledge of how cognitive mapping differs under differing
circunstances. In addition to providiag evideﬂée concerning
how one's environment is perceived, this research may alter
the way the external environment is portrayed to the map
reader.

Iwo important variables of ccgmitive maps have been dis-
cussed: detail and accuracy (or realism). Bartram?s maps
confounded these two variables. The road wmap included both
extra detail and a veridical road network. The schematic
map not only dimncluded a simplified road network, but also
left all extra detail out. The study reported here included
four maps such that these two variables could be assessed
independently (see Table 1).

Each map included the names of the streets on which the
bus routes traversed, the bus route numbers, and the roads
themselives. The first and second map included roads pre-

sented in a veridical manner.



15

Table 1

The eight maps presented to each of 40 subjects

Blacksburg London

Veridical Simplified Veridical Simplified

Low-Detail One Five Two Six

High-Detail Three Seven Four Eight
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Maps three and four displayed +the roads in a similar
fashion (veridical). These two maps included several addi-
tional roads, road extensiouns, and landmarks {imcluding
buildings, parking lots, etc). Functionally significant
landmarks, shown by past research ({Devliin, 1976) to be
peceptually salient to people fawmiliar with an area (£.g.
school buildings), were stressed. These can be seen on the
mapsa

No extra detail was included on waps five and six. The
roads, however, did not accurately reflect their true pro-
pertiesa. That is, curves were straightened, interseciions
were made at or mnear right angles, and rocads were presented
more parailel than they really were,

The final two maps, mRmaps seven and eight, also included
non-veridical roads: for these maps the roads were dis-
torted to the degree discussed. At the same time, the above
mentioned detail was included. Landmarks and other points
of reference, even though they were not necessary to deter-
mine the correct bus route, were inciuded.

Past research has revealed that subjects? performance on
a number of perceptual arnd intellectual tasks was related.
These stylistic tendencies have been designated cognitive
styles. Onder the broader iabel o¢f cognitive style is the

more specific designation field-dependence-independence,
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which refers to the ability to overcome an embedding context
{Witkin et al, 1971).

Tests for field dependence require the person to separate
an item from the fieid---it is necessary to bkreak up a field
configuration to do this. It had become apparent that this
is quite similar to what is reguired when a subject attempts
to both locate points on a map and to determine bus routes
between points. The subject nust separate the informatiom
relevant to the solution of the task {bus stops and bus
routes) from the irrelevant informatiom {(landmarks, uniwmpor-
tant sireet names, etc).

The subjects were reguired to complete an additional
task, a test designed to nmeasure the test-taker?’s level of
field dependence, entitled the Group Embedded Figures Test
(GE¥T), designed by Oltman, Raskin, and Witkin. It is a
perceptual task, requiring the persom to find a simple fig-
ure, which is embedded into the pattern of a larger, more
complex, figure. The simple figure is shown on a separate
page. The subject must trace, in pencil, the simple figure
on the complex figure,

Individuals tend to be consistent in their perceptual
functioning from test to test. As reported in Witkin et al
{1971), field dependence hkas been related to susceptibility
to i1llusions, performance iam airror-traciung tasks, and an

auditory-visual conflict situation, among other variables.
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It was expected that high field-independence would also be
positively related to the map-solving task described im this

studye.



METHCD

SUBJECTS

The subjects were male and female students froam Virginia
Techa It was regquired that the subjects had completed at
least two-years of their studies at Virginmia Tech in order
to participate in the experiment. This was necessary to
ensure that the subijects were at least somewhat familiar

with Blacksburga. The actual length of time in Blacksburg

was recordeda.

APPARATUS
The only mechaaical devices used in the experiment were
two stopwatches, capable of keeping time to a hundredth of a

second.

SIIMULUS MATERIALS

Iwo cities were mapped; Blacksburg, where Virginia Tech
is located, and an unfamiliar area, based upon a section of
Londoa used in Bartram?s study. This wap was changed con-
siderably to correspond in size, shape, and complexity to
the Blacksburg map sSo that it had becowme a fictional city.
This area will still be referred to as London. Bartram used

a different color for each route 1in his ®schematic" map but

19
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only one color for all routes in his *road" map. He there-
fore confounded color of the bus route with the type of map.
The maps that were used in this study had the routes desig-
nated by number only, not by color. Specifically, the maps
ali had black print on a white background. Ia all there
were the four types of maps previously described in Table 1,
each city having one of each type. All eight maps (foar for
each city) can be seen in Appendix A.

It was important that the maps for both cities were of
similac complexity. If not, differences between cities
could be due to map complexity, rather than city familiar-
ity. Therefore, the maps were developed to have the folilow-
ing in common:

1. The maps were of comparable appearance—---same height,
width, and road layout.

2. Each kad the same npunkber of street names(35).

3. Each had the same number of bus routes (8).

4, Each had the same number of bus stops {location
points) (43).

5. Fach had the same number of bus route intersections
{Two bus tToutes on the same bus stop) (23).

6. Bach had the same number of 1intersections served by

only one bus ({20).
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7. Each had the same number of bus routes with ten stops
(1), nine stops (1), eight stops (4), and seven stops (2)-.

8. There were the same number of bus route designatioans
on each map (66)a

9. The four maps with high detail each hbhad the same nun-
ber of additional streets {4), additional sections of
already named streets (5), places (7), and buildings (12).

While the two cities stiil did not have identical maps
{which was not possible), these npine conditioms should have
ensured that they were comparable.

Other materials used during the experiment inciuded an 18
py 24 inch <road map of Blacksburg, Virgimnia, in which an
inch represented 1600 feet, ({provided when the subjects were
asked to locate the 10 places in Blacksburg), a question-
naire (as shown in Appendix G), and 40 GEFT booklets (one

for each subject)a.

PRETEST

To provide for a fair interpretation of the effect of the
independent variables (familiarity, detail, and road struc-
ture) on the dependent variabkles, the four Blacksburg maps
were of the same complexity as the four Londor maps. If the
complexity between these maps differed, then any differences

in scores could be attributable to differences in complexity
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rather than +to the familiarity of the area represented by
the maps. To this end, the maps of london were drawn with
Blacksburgy in mind, with the goal that the complexity of the
road layout be similar between the two. The followiny pre-
test demonstrated that this was indeed the case.

The experimental design was a 2 X 2 X 2 factorial. The
first factor was that of the familiarity of the city being
mapped; a familiar city was umapped (Blacksburg, Virginia),
as was an unfamiliar city (London, England). The second
factor was the manner in which the roads were presented; the
road structure. One level wmas the simplification of the
roads in the ways described {(simplified map), the other
level was non-simplification (more realistic map). The
third factor was whether extra detail was included 1ia the
map---either extra detail was present, or it was not
included. Thus, there were a total of eight treatment con-
ditions.

All eight maps were presented at ome time in a randon
array, to each of 20 volunteer subjects. All writing, road
names, places, and bus numsbers were removed from the eight
maps to ensure that no bias resulted from knowledge of the
place represented on the map. (Therefore, in the pretest
the high-detailed maps included only extra roads and road

extensions). The subjects were requested to rate each map's
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complexity, on a scale of one to seven, one being least comr-
plex, seven being most complex. The subjects were told to
look at all eight maps simultaneousiy before making any rat-
ings, and to rate the maps 1in terms of their complexity in
conparison to the other napsa. They were also told that the
same rating may be given to more than one map. The mean
complexity ratings for each map canr be seen in Table 2.

A 2 X 2 X 2 analysis of variance on the variables of fam-
iliarity, detail, and road structure reveaied that there was
no main-effect of familiarity---that is, the complexity rat-
ings for the four Blacksburg maps were no different than for
the four London maps (F (1, 19)=1.12, p=.30). In addition, a
look at each pair of maps (familiar vs. unfamiliar) indi-
cated that at each level of the factors of detail and road
structure, the Blacksburg and London maps were judged to be
of equal complexity. (A Duncan®s post hoc comparison was
used, with a .05 significapce level). The other two main
effects were also tested by the amalysis of variance.
First, as expected, the four high-detailed maps, those
including extra roads, were seen as more coumplex than the
four low-detailed maps (5.20 vs. 3.01; F(1, 19)=175.53,
p<.01) = Secondly, as also expected, was the result that
veridical maps, those including all twists and curves in

roads, were rated as significantly more cozplex than simpli-
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Table 2

Mean rating of each map's complexity,
(1 = least complex, 7 = most complex)

Road Structure Detail  Blacksburg London
*
Low 3.35 = 3.60
Veridical
*
High 6.05 = 5.55
*
Low 2.55 = 2.55
Simplified
*
High 4.75 = L4.75
*
Total (Mean) 4,18 = L.ok4

* p>.05
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fied maps (4.64 vs. 3.57; E{(1, 19)=21.47, p<.01). There
were no significant interactions between the three factors.
The present experiment was performed 1inm part +to deteramiae
whether the more complex maps, in terms of detail and road
structure, aided or hindered map reading, this finding to be
related to the subjects? internal representation of the
map?!s area, and familiarity of the area. These complexity
results were used to help explain the results of the experi-

ment.

DESIGHN

A 2 X 2 X 2 factorial design was employed, with the sanme
three factors as in the pretest (Familiarity X Detail X Road
Structure). Thus, there were again eight treatment coandi-
tions.

40 subjects were presented each of the eight maps, making
the experiment completely within subjects. There were two
very important advantages to this. The first advantage was
that subject differences did not mask true differences bet-
ween experimental conditioams. When coamparing the results
between maps, omnly the differences betwecen the maps them-
selves contributed to differences in scores, since each sub-
ject was tested with each aap. If the subjects were tested

with only one of the two cities or only one of the four
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kinds of maps, the subjects would be different when compar-
ing results across cities, or across maps, respectively.

A second advantage was that by presenting all eight maps,
the subjects should not have become accustomed to any one of
the maps. If only two or only four'of the maps had Lbeen
presented, several trials with each, the subject would
likely have become familiar with the maps, artificially
improving his/her score.

A modified Latin Sgquares design with randomized blocks
was used to counterbalance the order of presentation of the
trials to ensure that there was not a trial order efiect.
This design <can be seen in Appendix Ba This particular
design was chosen so that one of each biock of eighkt sud-
jects would receive a different order of the eight maps. 1In
addition, this design ensured that each map followed every
other wmwap four times and preceded every other map four
times. In this way, any possible map order effect should

aot have biased the resuits.

PROCEDURE

In individual sessions, the subjects were presented with
one of tne eight maps and were told that it represented a
bus route system for either Blacksburg or an urfamiiiar

city. They were given a pair of locations, the departure
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point and destinatiom of a bus trip, printed at the top of
the page, anrd told that they must find and indicate these
t®o points by marking the map. In additioa, the subjects
were asked to indicate the bus route one would need to use
to get from the departure point to the destination, again by
marking on the map their response by drawing the bus route,
as well as writing down the bus number next to the map. It
was aisc wmade clear that one could travel between two immed-
iate points only if +the same bus stopped at those two
points. The actual instructions, which the experirenter
read out 1loud while the subject read silently, are shown in
Appendix C.

Both stopwatches were started when the subject was given
a map with the two intersections writtem at the top of the
pagea When two lintersections had been circled by the sub-
ject, the experimenter stopped the first stopwatch, the sec-
ond watch still running. This time was considered location
time. The subject then immediately determized the bus route
to be taken, again marking his/her response by drawing the
route on the map, as well as writing down the bus numbers
next to the nape. %hen this was completed, the second stop-
watch was turned oif. This total time mimus location time
was the time the subject took to determine a bus route. The

nap was then taken from the subject, and the next map vwas
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presented. {The subjects were told to work as quickly as
possible, but to try to minimize errors).

One practice trial was performed using a coumpletely dif-
ferent map, but simpler than those used during the actual
experiment {see Appendix D). After each trial, the pap was
taken away and a new one presented, with a new task. In
all, there were two trials for each map, f£for a total of 16
trials. The 16 pairs of intersections are shown in Appendix
E.

It was necessary that the eight pairs of intersections
selected for each familiarity area e of egual difficulty.
To do this, intersections were chosen such that the most
optimal route, as defined by the number of buses between the
two intersections, were the same for both sets of intersec-
tions. Thus, each area had the sape number 0f pairs of
intersections in which the most optimal bus route included
two buses (1), and three buses (7), for a total of 23 buses.
In addition, the total number of bus stops used for each of
the eight routes was 63. Therefore, any differences between
familiar areas are due to the different routes chosen by the
subjects, not the intersections presented by the experimen-
ter.

After the sixteenth trial had been conmpleted, the sub-

jects were asked to rank order the four Blacksburg maps and
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the four London maps (the order of city presented randoamly),
according to preference of use for the city represeanted. In
addition, possible differences or similarities between pre-
ferences for a familiar and an unfamiliar area were
recorded.

After rating the maps, subjects were shown a road umap of
Blacksburg. Ten places im Blacksburg were mentioned orally
to the subject, one at a time. The ten places were chosen
such that all sections of Blacksburg were represented
(north, south, east, and west). The subject was asked to
point to the place's location if known, or to tell the
experimenter that the place’s location was unkhLownhe. If the
subject pointed to within approximately one-half of the
location on the mag (800 feet in real distance), it was
scored as a positive location, this number {0-10 places)
treated as a continuous variable. This measure of the nua-
ber of correct places located 1in Blacksburg was obtained to
provide a second measure of familiarity with Blacksburg---—
an independent measure of familiarity to the length of resi-
dence (see Appendix F for the 10 places).

A guestionnaire was given to the subjects {(as shown in
Appendix G), designed to obtain information pertaining to
the experiment. The subjects —reported their familiarity

with bus schedulses, their familiarity with the area of
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Blacksburg represented on the map, their believed familiar-
ity with the area represeated frowm the straage city, and how
long they have lived in Blacksburg. In addition, the sub-
jects reported their most £freguent mode of transportation
around Blacksburge.

The last task the subjects completed was the bookiet of
the enmbedded-figures test. There were a total of nine prac-—
tice trials (imcluding 2 examples) with the next twe sets of
nine counting toward the total. Oon the basis of this test,
each subject was given a field dependent score, 0-18, which,
like the number of places located, was treated as a continu-
ous variable. The entire session togk from #5 minutes to

one hour.



RESULTS

DEPENDENT MEASURES

The experiment involved basically two tasks. The first
task required the subject to locate and circle two intersec-
tions on a road map of a bus schedule, There were two
dependent variables measuring performance of this part of
the experimeat. One was the tire the subject took to cou-
plete this task. The second was the number of intersections
correctly located.

The second task of the experiment required the subject to
determine a bus route which woulid allow the subject to
travel between two particular intersections, and write down
the bus numbers. The time to complete this task was
obtained. Additionally, two dependent variables measured
the efficiency of the bus route <chosen by the suabject: 1)
the number of bus stops 2) the number of buses. Greater
efficiency was defined as traveling between the two inter-
sections in the shortest possible number of bus stops aad
buses. Refer to Table 3 for an outline of the definitiosns
of the dependent variables.

Five subjects were included for each of the eight orders
of map presentation determined by the Latim Square design

used in this experiment. It was therefore possible to test

31
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Table 3

The five dependent variables

T. Locating Two Intersections

1. Time: Time to locate the two intersections
(location time).

2. Accuracy: Number of intersections located correctly,
per map (0, 1, or 2).

I1. Determining Bus Route

1. Time: Time to determine bus route between the two
intersections (bus route time).

2. Efficiency: a. Number of bus stops in the bus route
selected by the subject, including
departure and destination bus stops.

b. NHumber of buses in the bus route
selected by the subject---how many
different buses were used to travel
from the departure intersection to
the destination intersection.
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for order efiectsa A one-way analysis of variance was run
on each of the five dependent variables. The independent
factor was map crder, the eight orders being the eight lev-
els of that factor. For <€aca dependent variabvle, the
results indicated that there were no main effects of order
for any dependent variable {(all Fs(7, 32) yielding ps>.05).
The Latin Sguare design was therefore effective in counter-

balancing the order of map presentation.

Type of Error

A total of 640 okservations were obtained (40 subiects X
8 maps X 2 trials)a. For 81 of these trials, the subject
would not reach the destination given to him/her using the
bus route that s/he had drawn. There were two sources of
this error, defined as follows: 1) the subject circled at
least one wrong iatersection (69 trials) and 2) the drawn
bus route used a road untravelled by a bus {12 trials).
When either of these errors occurred (i.e. the subject would
not reach the destination given to him/her by using that bus
route), it was iabelled a destination error.

No scores were obtainable for the two efficiency measures
of number of bus stops anrnd number of buses in the bus route
when a destination error had cccurred, Dbecause there was 1o

correct bus route Letween the two intersections. The two
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time measures were still obtaimned, although for incorrect
routes only. These times could only be included if it was
shown that they were not significantly different than the
times obtained on the rest of the trials. A t-test compar-
ing the times for the 81 erroasous trials with the 559 oth-
ers indicated that both locating the intersections and det-
ermining a bus route took a significantly greater time for .
the erroneous trials than for the trials with no destination
errors ({80, 558)=4.30, p<.01, t (80, 558)=2.20, p<.05, res-
pectively. Therefore, the trials on which a destination
error occurred were elimirated from further analysis.

& second type of error occurred when the subject located
both intersections <correctly and had a correct bus route
drawn on the map (the route would successfully take the sub-
ject from the departure point to the destination point), but
the bus numbers which were vwrittes down were incorrect.
That is, the bus numbers associated with the drawn route

were different from the bus numbers the subject wrote next

to the map. This was termed a traaslation error, of which
there were b6i. This type of error did not necessitate

exclusion of the data for that trial because the bus route,
. as drawn by the subject, was correct. The error was in the

translation of the drawn bus route to a written form.
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As already mentioned, there were two kinds of errors made
during the location of the street intersections and the det-
ermination of the bLus route: destination errors and trans-
lation errors. The distribution of these errors, across
maps, is shown in Table 4.

A chi-square one-sampie test was performed on each set of
eIrrors. For destination errors, the chi-square indicated
significant effects of familiarity (X2{1)=13.44, p<.01) and
road structure (X2{(1)=11.86, p<.01), but not detail. The
London maps (the unfamiliar area) resulted in more destina-
tion errors than the Blacksburg maps (the <familiar area),
and the simplified maps resulted 1in more destination errors
than the veridical maps.

The chi-square test performed on the tramslation data
yielded mo sigrificant map effects. However, the nuwber of
translation errors for each map was not the nuwber of tines
out of 80 maps that the error occurred, as was the case with
the destination errors, since no maps with destination
errors could be used to measure translation errors. Each
map had a different number of trials from which to count the
number of translation errors. Therefore, 1t 1s possible
that fewer errors were counted for some paps because there
were fewer trials to choose frog, and not because of the

nature of the map itself. This may have masked true differ-
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Table 4

Distribution of destination errors and translation errors
(both actual numbers and percentage) for each map
at both familiarity ares

Road Structure:

Detail:

Destination

Error:

Translation
Brror:
(Number)

Translation
Brror

(Percentage)

Area
Pamiliar
Unfamiliar
Total

Familiar
Unfamiliar
Total

Familiar
Unfamiliar
Total

Veridical Simplified
Low High Low High
Total
3 7 9 5 24
5 10 22 20 57
8 17 31 25 81
7 7 5 25
i3 10 9 39
13 20 17 14 64
7.791 9.591 9.86{ 6.66 | 39.0%
9.33118.57 | 17.24 | 15.00 60.94
19.05 | 31.75 | 34.69 | 25.45 ]100.00
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ences between naps. To account for this, a chi-sguare ana-
lysis was also performed on adjusted data in which the nunm-
ber of errors was converted to a percentage, using the fol-
lowing egquation:

number of errors

- ————— ——— X 100
number of opportunities

Using this set of data (also shown in Table 4), there was a
significant main effect of familiarity (X2{1)=8.57,
p<.01)-——there were nore translation errors for the unfamil-

iar maps than the familiar maps.

ANALYSIS OF VARIANCE

The means and standard deviations for the five dependent
variables, determined for each map, are displayed im Table
5a The means exclude the erroneous trials. Because there
was missing data for all but three subjects, the computer
program could not perforis an analysis of variance {ANOVA) on
the dependent measures. Therefore, the ANOVA was run two
ways, both of which involved the substitution of missing
scores to allow the analysis to be performed. Fach map was
presented twice to each subject. Therefore it was possible
for one ANCYA to use the score for ore trial to estimate the
score for the other trial. Forty-nine times the trial 1

score was used as the trial 2 score and 32 tipges the trial 2
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score was used to estimate the trial 1 score. In nine
instances where both trials were unusable, the cell mean was
used to fill in the blanks. In this way an estimate of the
trial order effect could still be obtained.

The second ANCVA sacrificed the study of +trial effects
for the possible greater accuracy of the interpretation of
the three other independent variaklies of familiarity,
detail, and road structure. In this case, the mean of triail
1 and trial 2 was used as the score if mneither trials were
excludeda If one of the two trials was excluded, then the
score for the trial with no blank was used. Agaim, nine
cell means were used wher both trials were excluded.

Usiung the first altermative, oniy the location times and
the bus route times showed any effect of trial, either as a
main effect or as an interactioa with amy of the factors.
When the other three dependent variables were analyzed, the
two sets of data yielded the same pattern o¢f results.
Therefore, for the twoc time measures, both analyses are dis-
cussed, while for the other three measures, only the ANDOVA
with the trial order excluded as a factor was comnsidered.
The data iacluding trial as a factor is referred to as bet-
ween trials data, and the data using the mean of both trials
is referred to as across trials data. The summary tables of

the seven ANOVAS are preserted in Appendix Ha



Table 5

Mean and standard deviation for dependent measures, for each map and total

Familiarity:
Road Structure:
Detail:
Location Time:
Number of
Intersections?

Bus Route
Time:

Number of
Bus Stops:

Number of
Buses:

Mean

St. Dev.

Mean

St. Dev.

Mean

St. Dev.

Mean

St. Dev.

Mean

St. Dev.

Numberb

Familiar Unfamiliax
Veridical Simplified Veridical Simplified
Low High  Low High  Low High  Low High  Number Total
17.98 |24.98 |21.14 [30.13 |26.27 |81.69 |34.31 |wo.s9 | 27 fg'ég
6.67 [12.83 | 8.30 17.95 |13.91 {28.98 [17.54 |22.56 i
1.96 | 1.97 1.90 1.99 } 1.95 | 1.92 | 1.71 1.72 } 559 1.89
.19 .16 34 A1 .22 .27 .53 .53 34
21.25 [28.69 |26.95 [27.78 {27.03 |34.75 [30.77 |34.40 640 28.69
9.84 |16.35 |21.44 |18.69 {13.69 {23.87 {19.69 [16.88 18.27
8.08 | 8.42 | 8.47 | 7.99 | 8.39 | 8.41 | 8.19 | 8.57 | 559 8.31
61 | 1.28 | 1.20 .93 | 1.04 | 1.07 .66 .83 1.00
2.91 | 3.07 | 3.08 | 3.05} 3.12 | 3.31 | 3.33 { 3.13 | 559 3.12
51 .56 .71 .56 1 1.00 1.02 .76 .95 .77
76 72 72 76 75 70 58 €0

a The number could be either 0, 1, or 2.
b The intersection score, being based on the number of intersections
correctly identified on each map, includes 80 observations per map

6€
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Llocation of Intersections

Location Time---Betwegn Trials Data There was a trial

order main effect (F=13.85, p<.01), trial 2 yielding shorter
latencies than trial 1. The AKOVA for location time indi-
cated that the two factors of familiarity and road structure
both had significant main effects: subjects read familiar
maps more guickly than unfamiliar maps (E(1, 39)=111,34,
p<.01), anrd veridical maps were more readable than simpli-
fied maps (F1, 39)=7.71, <.01). There was also a signifi-
cant Trial X Detail interaction (F(1, 39)=5.53, p<.05).
Analysis of the effect of detail at both levels of the triail
factor (a separate ANCVA at both trial 1 and trial 2) deter-
mined that at both trials, the maps with low detail resuilted
in shorter locating times than the maps high in detail (F (1,
39)=44.19, £f£(1, 39)=21.88, respectively, ps<.01). This
indicates that at trial 1, the difference between highk-de-
tailed and low—-detailed maps was greater than at trial 2,
but there was still a maipn-effect of detail, regardless of
the trial order. Figure 1 illustrates the shorter location
times for trial 2 thaz trial 1, for the unfamiliar area than
the familiar area, and for the veridical and low-detailed
maps than for the simplified and high-detailed maps.
Location Time-—-Across Trials Data Again, there were main

effects for familiarity, detail, and road structure ({1,
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39)=102.09, F(1, 39)=53.56, F(1, 39)=5.35, respectively, all
ps<.01. There was a significant three-way interaction using
the across trials data (F (1, 39)=4.73, p<.05). Analysis of
the means determined the source'of the signifiicaat three-way
interaction. ANCVAS for the familiar area indicated that a
simplified road structure yielded longer times thaa a verid-
ical layout of rocads for both low-detail and high-detail
maps {F (1, 39)=9.89%, p<.01, F (1, 39)=4.52, p<.05, respec-
tively)a. However, for the unfamiliar area, while a sinpli-
fied road structure was again slower than a veridical road
structure at low-detail (¥ (1, 39)=10.22, p<.01), there was
no difference at high-detailed maps. This relationshlip can
be seen in figure 2.

Number of Correct Intersections Figure 3 shows all scores

for the number of correct intersections iocated, the perfor-
mance variable obtained for the first task of the experi-
ment. There was an overall main effect of familiarity ({F (1,
39)=23.039, p<.01), as well as road structure (£ (1,
39)=19.78, p<-01). The significant interaction between fam-
iliarity and road structure (E(1, 39)=18.65, p<.01), indi-
cated that the main effect of road structure was due to the
data for the unfamiliar areay veridical maps resulted in
more intersections correctly identified than siamplified maps
for the unfamiliar area (¥ (1, 39)=20.68, p<.01), but not for

the familiar area (p>.05).
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Determination of Bus Boute

Bus Route Time-——Between Irials Data The times for the

factors of familiarity, detail, and road structure, for botha
trial 1 and 2, are shown in Figure 4. The ANGVA on this
data resulted in maip eififects for +trial {triai 1 greater
time than trial 2, §i1, 39)=40.37, p<.01), familarity
(unfamiliar greater tham familiar, F(1, 39)=27.32, p<.01)
and detail (kigh—detail greater tikan low-detail, F(1,
39)=10.99, p<.01). Road structure was margimnally signifi-
cant (veridical greater than simplified, F({(1, 39)=4.07,
p=-051). DNone of the interactions were significant.

Bus Route Time-—-Within Trials Data The ANOVA wusing the

mean data also yielded significant main effects of familiar-
ity (F(1, 39)=26.53, p<.01), detail F{1, 39)=10.11, p<.01),
and road structure (F{(31, 39)=4.33, p<.01), with no sigpifi-
caat interactions (§>.05). The times are displayed in Fig-
ure 5, aad shov that famillar areas yielded sherter tinmes
than unfamiliar areas, low-detail maps yielded shorter times
than high—detail maps, and veridical maps yielded shorter
times than simplified maps.

Number of Bus Stops The number of bés stops for each
level of each factor is depicted 1in Figure 6, which illus-
trates the significant Familiarity X Detail X RBoad Structure

interaction (F (1, 39)=7.71, p<.01). An ANOVA of the simple
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interaction of detail and road - structure, one each for the
familiar and unfamiliar areas, yielded a sigumificant Detail
X Road Structure interaction for the familiar area (F (1,
39)=7.73, p<-01), but not for the unfamiliar area. An ana-
lysis of the simple main eifects (i.e. am ANOVA, at each
level of detail for Blackspurg) indicated that veridical
maps resulted im a Toute using less bus stops than siapli-
fied maps for low-detailed maps, and ar opposite pattern of
results for high-detailed maps F (1, 39)=5.14, F{1, 39)=4.22,
respectively, ps<.05). There were no other sigrificaat
effects.

Number of Buses For the measure of number of buses ia the
bus route, there was only a main effect of famiiiarity
(F=9.80, p<.01)...there vwere more buses for the unfamiliar
maps than the familiar mafps. The scores for this variable

are displayed in Figure 7.

CORRELATIONS AMONG DEPENDENT VARIABLES

Correlations were determined between the dependent varia-
bles to see how a subject's score for one variable was
reiated to his score on another variable (see Table 6). 7o
do this, a subject?s mean score (across all maps and trials)
was obtained, for all five variables. Therefore, each cor-

relation included 40 scores (40 subjects), and an estimate
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of the relationship between a subject's ranking on one
variable asd his/her rapking on a second variable was
obtained.

The measures for locating the intersections were location
time and number of intersections located correctly. The
location times were only for trials in which no destinatiom
error was made, whereas all trials were used for the number
of intersections correctiy located, either zero, one, or
tWoa The two measures, location time and number of correct
intersections 1located <correlated significantly (r=-.34,
P<205)a

The measures for determination of a bus route were bus
route time and the two efficiency measures of aumber of bus
stops and number of buses 1in the bus route chosen Ly the
subject. %¥hile bus route time was not correlated with
either efficiency measure, the two efficiency measures were
themselves correlated {r=.43, p<.01), indicating that thke
chosen bus route tended to be either eificient or ineffi-
cient ian terms of both =number of bus stops and number of
buses in the routea

The two time weasures were significantly correlated
(r=o48, p<.01). That is, skill at locating intersections
was related to skill at determining a bus route GLetween

these two intersections. The location time correilated with



Table 6

Correlations, and their probabilites, between dependent variables

Location Number of Correct Bus Route Number of Number of

Time Intersections Time Bus Stops  Buses
Location r — - 44 48 34 .07
Time D -—- .00 .00 .03 .65
Number of Correct r D m——— -.35 -.15 -.03
Intersections D . .03 .35 .37
Bus Route r - 21 .18
Time D -— .18 .27
Number of r -—- 43
Bus Stops P -——— .00
Number of r . —_—
Buses P -
r = correlation

probability>|x

ol
i on
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the number of bus stops measure (r=.3%4, p<.05), but not nua-
ber of buses (r=.07, p>.05). The other location measure,
number of intersections correctly located sas not signifi-
cantly correlated with either of the efficiency measures.
Finally, bus route time correlated with the number of
intersections correctly circled (r=-.35, p<.05). Thus, both
speed at locating places on the map and speed at determining
a bus route were related to the accuracy of locating places

on the mapa.

FAMILIARITY WITH BLACKSBURG, LONDON, AND BUS SCHEBULES

Included on the guesticnnaire were two questions desigued
to measure the subject'!s knowledge of Blacksburg: 1length of
residence in Blacksburg, and the subject?!s self assessment
of his/her familiarity with Blacksburg. Table 7 displays
statistics for all five questions. Also, the number of cor-
rect places located imn Blacksburg was used as a familiarity
Mmeasurea.

Table 7 shows that more than three-fourths of the sub-
jects either walked or drove around Blacksburg <for the
majority of their travel, and travel was egually divided
between these two modes (36 subjects each). All but three
of the subjects had lived ia Blacksburg between omne year and

ten months, and four years, a range of 26 months. The res-
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Table 7

Statistics for questionnaire responses

Usual method of travel around Blacksburg?

Method of Travel Number of Responses
automobile: 16
vwalking: 16
bicycle: 5
could not decide: 2
motorcycle: 1

Mean  Standard Deviation Range

Bus schedule use? 2.12 1.20 1-6
Familiarity with Blacksburg? 4.50 1.19 1-7
Familiarity with London? 2.20 1.30 1-7
Honths in Blacksburg? 34.20 14.72 22-108

Distribution of subjects in length of residence categories:

22-24 Mo.  25-36 Mo.  37-48 Mo. Greater Than 48 Mo.
14 16 7 3

Note: Bus schedule use and familiarity were rated on a scale
of 1 to 7, with 1 equal to least use or familiarity
and 7 equal to most use or familiarity.
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ponses to the other three questions were all of similar var-
iability, but the average response was noticeably differeunt
between the two familiacity guestions, the subjects being
more familiar with Biacksburg than Londom, as expected
(£(39)=7.47, p<.01). The subjects indicated very little
past bus schedule use, their rating of past use being
slightly lower than even the rating for familiarity with
London.

The subjects' rating of their own famiiiarity with
Blacksburg was significantly correlated with both of the
objective measures, time 1in Blacksburg {r=.36, p<.05) and
nunker of piaces correctly located (r=.49, p<.01).

All three measures were obtained to determine any
effects, if any, these factors may have had on the dependent
variables. Since these are measures of familiarity with
Blacksburg, only the scores for the Blacksbury maps contri-
buted to the dependent variables. The mean dependent varia-
ble score of the eight Blacksburg trials, for each subject,
was used so that the relationship between a subject?s raak-
ing on each dependent variable, and his ranking on cach fam-
iliarity measure could be obtained. There were a total of
15 correlations (see Table 8): five dependent variables X
three familiarity ratings. Despite the positive correla-

tions among the three familiarity measures, only two of the



15 correlations were statistically significant, and only
marginalily soa. These were correlation of the number of bus
stops with the npumber of places 1located in Blacksburg
(r=233, p=.036) and the correlation between the number of
buses and length of residence in Blacksburg (r=.31, p=.053).

One other approach to evaluating the eiffect of familiar-
ity with Blacksburg on the dependent variables was to cate-
gorize the subjects according to familiarity as operation-
ally defined by the three familiarity measures. The
subjects were divided into high, medium, and low familiarity
Yroupsa The breakdown for each level of the three measures

was as follows:

Length of Residence in Blackskurg---High----- 16 suabjects
Medium---12 subjects
Low—--———-12 subjects
Familiarity with Blacksburg=---—------ High—-——-—~- 17 subjects
Medium—--—17 subjects
LOW——=———~ © subjects
Locating Places in Blacksburg--—--—---High-———-14 subjects
Mediun-—-16 subjects
Low—===—- 10 subjects

This was the optimal breakdosn of the subjects, given the
lirmitation of many identical scores. There were po differ-
ences betvween the high, medium, and low groups for any'of
the three familiarity measures (p>.05)

The subject?s own rating of his/ner possible familiarity

with the section of London displayed was also obtained to



Table 8

Correlations, and their probabilities, between dependent variables and familiarity measures

Residence in Familiarity With  Number of Places Familiarity With

Blacksburg Blacksburg Located on Map London
Location T -.07 -.28 ~-.17 .57
Time P 67 .08 .29 .73
Number of Correct r -.16 13 .27 -.10
Intersections D .33 A2 .09 . 56
Bus Route r .25 .01 .04 .35
Time o) .12 .97 .82 .03
Number of r .09 .30 33 A7
Bus Stops o) .59 .06 .04 .29
Number of r -.31 Noli2 .02 'gg
Buses D .05 .32 .89 !

r = correlation

probability r

o]
" u
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see if there was any perceived familiarity with the Loadon
area, or the road layout of the area. Interestingly, this
estimate of familiarity with London was significantly corre-
lated with bus route time (r=.35, p<.05) and with tke number
of buses in the bus route {(r=.35, p<.05)a.

The subjects?! professed familiarity with bus schedules
was not correlated with any of the five dependent variables

(p>+05) A

METHOD OF IRAVEL

A fiftk gquestion included on the guestionnaire asked the
subject to indicate his/her mcst often used method of trams-
portation around Blacksburg (see Table 7 for a distribution
of the responses). gf the 40 replies, 186 indicated walking
and 16 indicated the automobile. Since none of the other
transportation alternatives included more than five sub-
jects, walkiag and driving subjects were compared to see if
there were any differences. A t-test was performed compar-
ing these two ygroups cf subjects on the five dependent vari-
ables. Only Blacksburg data was used, since the method of
travel relates only to Blacksburg.

Only the time to determine the bus route was signifi-
cantly different between the two groups of subjects (t=2.80,

p<.01). The meas time for those who travel by car ¥uas



greater thau the mean time for those who waik (28.23 vs.
22.14) .

These two modes of travel =were also compared along the
three dimensions of familiarity with Blacksburg: number of
places located, seif-reported familiarity withk Blacksburg,
and length of residence in Blacksburg. The former two testis
involving measures of familiarity were significaat
(£(15)=2.18, p<.05, t(15)=3.06, p<.01, respectively). That
is, the mean number of places located was greater by drivers
than by walkers (7.31 vs. 6.12), and drivers reported a
greater familiarity with Blacksburgy than did walkers {5.00

VS. 3.94).

MAP PREFERENCE

The subjects were reguested to indicate their preference
of maps, for both familiarity levels, Blacksburg and Londosn,
by rank ordering the four maps for each location (See Table
9 for the means and standard deviations of their choices).
There were significant differences between their choices, as
determined by an ANOVA on the dependent variablie of rasnk,
for both the four Blacksburg (familiar) maps {F (3,
36)=12.08, p<.01) and the four Loadon (unfamiliar) maps
(F(3, 39)=7.29, p<.01)a The specific differences responsi-

ble for +the main effects were studied by using the Duncan
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post hoc test (.05 significant 1level). For tae familiar
area, both the veridical waps (high-detailed and low-de-
tailed were significantly more preferred thams both simpli-
fied maps (again both high—-detailed and low-detailed). For
the unfamiliar area of Londomr, the veridical low-detailed
map was more preferred thas both veridical maps {(high-de-
tailed and low-detailed), while the veridical high-detailed
map was npore preferred +han only the simplified high—-de-

tailed mapa.

FIELD DEPENDENCE

The last set of data obtained from the subjects was a
measure of their fieid dependence, their score on the Group
Embedded Figures Test (GEFT), whick was the number of fig-
ures outlined correctly. Field dependence was coasidered a
continuous variable, where the higher the number, the higher
the subject?s field independence.

The GEFT score was correlated with the five dependent
variables to see if field dependence was related to ability
to use the map. It was correlated with both location mea-
sures, location time {r=-.34, p<.05) and number of intersec-
tions correctly circled (r=.37, p<.05)a. The GEFT score was
not correiated with any of the measures for bus route deter-

mination.
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Table 9

Mean and standard deviation of subjects' preference among the
four maps representing a familiar bnd an unfamiliar area

Road Structure Veridical Simplified
Detail low High ILow High

Area
Familiar Mean 1.9212.1312.88 |3.07
Standard Deviation .92 11.1611.09 | .89
Unfamiliar lean 1.9512.3512.70 {3.00
Standard Deviation .90 {1.1911.16 | .96
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As with the three familiarity measures, the subjects were
divided into three levels according to their GEFT scores.
Fifteen subjects were placed in a high GEFT category, 12 in
a medium category, and 13 in a low category. An ANOVA was
then performed on the dJdependent measures, comparing scores
for the high, medium, and low GEFT groups. Only the loca-
tion time resulted in a significant m@main effect (F (2,
37)=3.44, p<.05). A Duncan post hoc test {at .05 probabil-
ity) revealed that the time for the subjects rated field
dependent was significantly greater than the time for sub-
jects rated as having a wmoderate amount of field dependence
{32.5¢ vs. 25.57), but was not significantiy different fron
the scores for subjects rated as field independent.

The subjects? GEFT score was also correlated with the
numker of errors that were wmade, both destination and traas-
lation, in order to determine whether subjects low in fi=ld
dependence comimitted more errcrs than subjects high in field
dependence. The field dependence score was significantly
correiated with the number of destinatiomn errors ({r=.50,

p<.01), although not with the number of tramslation etrors.



DISCUSSIGN

PRACTICAL INMPLICATIONS OF MAP FACTIORS

The time to locate the intersections, and the time %o
determine a bus route both decreased from triai 1 to trial
2. This means that increased familiarity with the maps
resulted in shorter map reading times. However, practice
did not increase the accuracy oi locéting the intersections.
Therefore, some other means, other than practice, must be
chosen to increase the accuracy of locatiang points on a map,
such as <changing the road structure or detail included on
the map.

The two types of errors, destination and traaslation,
must be <considered before am overall comnclusion concerning
which maps were optimal can be made. In deciding which maps
should be presented tc readers of bus schedules, the iapor-
tance of the dependent variables, and the kinds of errors
nade, nust also be comsidered. The variables which were
most critical to a person trying to read a bus schedule and
ride a bus were weighed wmore heavily thas those not as
important.

Destination errors, as well as translation errors, may
prevent the traveler from ever reaching his destipation. If

a traveler cannot lcok at a bus schedule and determine a bus

63
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route that will get him/her to the destination, s/he will
not travel by bus. Additionally, Everett et al (1977)
pointed out that the conseguences of making an error in rid-
ing a bus can be gquite aversive. One can lose valuaple time
in reaching a destination, become completely lost, or worst
of all, become stranded isn a dangerous section of town. For
these reasons, the errors for each map were stressed highly,
as was the dependent variable of number of intersections
circled correctilye.

Also of importance when deciding which maps should be
presented to bus riders, though less so, were the efficiency
neasures of numker of bus stops and buses. Even if the tra-
veler chooses a route that will get him/her to the destina-
tion, the route may include so maay buses and imnvolve so
many bus changes that it would be impractical with regard to
time and convenience to travel using that route. The nmap
must aliow the reader to determine a bus route that can be
used easily and efficiently tc reach one's destination. Oof
these two efficiency measares, the more critical one is the
numnber of buses, since a greater number of buses increases
the number of bus transfers, and probabiy would increase bus
transit time significantly. The number of bus stops would
probably increase transit time only marginally. It is note-

worthy that the subjects were ancot specifically asked to pro-
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duce the most efficiemt route. However, a map which pro-
duces the most efficient route, without much mental effort
by the reader, is still the more efficient map than a map in
which a less efficient route is determined.

There is a difference between statistical significance
and scieatific significance, the practical application of
the results. The two time nmeasures yielded many statisti-
cally significant results of the independent variabies which
are quite relevant to the hypotheses proposed ir this thesis
concerning which maps <conform best with an internal repre-
sentation. As for practical considerations, however, the
statistically significant differeunces in the times are not
guite as relevant. At mcst, there was a difference of sev-
eral seconds between two mapsa. That 1is, a map reader may
spend tem more seconds reading one map than another. Khen
considered next to the possible hour or more which might be
spent in transit using one map rather tham another, Lecauss
of errors, the importance of the time factor diminishes.

The fact that fewer errors, both destipation and transia-
tion, were comnitted reading familiar maps than unfamiliar
maps has relevance to the theory proposed as to what the
internal representation of an area is. However, a map
reader must read a Blacksburg map for Blacksburg amd a Lon-

don map for Londona What this means 1is that if the map is
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of an unfamiliar area, more destination errors will be made.
Destination errors cah be decreased by presemting an area,
not in a simplified manner, which is apparently confusing,
but veridically.

There was a significant effect of road structure for des-
tination errors, suggesting that veridical maps be usad when
presenting bus schedules im a pictorial form. This holds
true when considering all dependent variables with one
exception: when the veridical map is low-detailed asnd the
area is familiar, +the number of the number of bus stops in
the chosern bus route will increasea Since this measure 1is
of less importance in deciding which maps are best presented
to bus Iiders, the overall conclusion, with regard to road
structure, 1is to present the map with a true—to-life repre-
sentation of the roads.

There were no main effects of detail revealed for either
the nundker of errors, both destination and translation, the
nunber of correct intersections, or even the two efficiency
measures, althocugh there was a main effect for both time
measures; i.ea., losw-detailed maps were read Bpore guickly
than high-detailed wmaps. However, it is recommended that
maps include extra detail for the following reasons. First,
the decrease in map perusal time for locatioa was 9.5 sec-

onds, and for bus route it was almost five seconds, a sta-
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tistically significant difference, but reaily not very much
time is lost usinyg high-detailed maps. Secondly, there were
no differences between low-detailed and high-detailed maps
with the more critical measures. And third, not including
extra detail on a map has one possible drawback. If tke bus
rider wants to travel to a ©place that is not mentioned oan
the map, and he does not know where it is, then a map with
no extra detail would =not be optimal in that respect.
Therefore, the suggestion is to present maps including extra
detail, not because high—detailed maps are more readable,
which apparently they are not, but because the bus rider
would be able to planmn a route with the knowledge of where
the destination is.

To conclude this section, the consideration of the impor-
tance of the derendent m=asures, and of the effect of the
three independent variables of familiarity, detail, and road
structure, lead to the coaclusion that, to increase bus rid-
ership through improved map readability, the make—-up of pic-
torial bus schedules should be a veridical non-simplified
one, but should include extra detail. This suggestion holds
true for both maps of a <familiar area and an unfamiliar

ared.
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THEORETICAL IHPLICATICNS OF MAP FACIGRS

It was argued that, with regard to <choosing an optimal
map to present to bus riders, the accuracy and errcor mea-
sures would be considered highly important, the two effici-
ency @aeasures would have moderate importance, and the two
time measures vwould have mipmimal input into the final deci-
sion. With regard to the theoretical implications of the
results, different measures were emphasized most. A map in
which extra detail is included woulid be read more quickiy by
subjects familiar with that area, if indeed the subjects
used the information to aid them in readiny that map.
Therefore, the results of the time measures are stressed
with regard to conclusions reached concerning the effects of
map detail. Reyarding road structure, the assunption of
this experiment was that the road structure which represesnts
the environment in a way most similar to the map reader's
represenrtation would be the map that is read wost guickly,
because fewer transformations of the extermal map to confornm
with the internal wmap would ke needed. In other words, the
map which most conforms to the reader?s cogritive map would
invoive less recoding to «read it, and s0 a shorter time
would result. Therefore, the time measures again were the
most <critical nmeasures when <considering the theorsticai

implications of the results. In addition, a map most
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closely resembling its internal representation should yield
less errors than a map conforming 1less closely, and so the
two error measures, and the accuracy measures (anumber of
intersections correctly circled) were also considered. The
two efficiency measures have more practical than theoretical
relevance.

In general, three mpain effects were obtained: fauwniliar
maps were easier to read than unfamiliar maps, veridical
maps were more readable than simplified maps, and, £for the
two time variables, low-detailed maps yielded shorter laten-
cies than high-detailed maps.

The reason that familiar maps were nmore readable than
unfamiliar maps was that the subjects, being froum
Blacksburg, alreaay had knowledge of Blackshurg roads repre—-
sented internaily, whereas for London they did not. This
stored information could be used to aid their performance.

it was proposed that an internal representation of a fam-
iliar area containing knowledge of places and roads would be
reflected by performance on maps with and without extra
detail, (such an idea beiny supported by past research).
Detailed maps were read mpore siowly than Ilow-detaiied maps
for both familiarity levels. One possibility was that the
extra irrelevant informatiom "gets in the way" —---making it

more difficult to focus in on the relevant iaformation.
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This would be refiected in the longer times for high-de-
taiied than low-detailed naps. It was also possikle, how-
ever, that the longer times reflected the fact that the sub-
jects paid attention to the extra detail {adding several
seconds to their time) but that the extra time spent did not
detract from performance. This idea 1is supported by the
fact that there were no wore errors for the high-detailed
than the low-detailed maps.

It was predicted that for familiar areas veridical maps
would be easier to read than simplified wmaps, because the
knowledge of the twists and of the roads would be contained
in the internal mapsa. The same logic was responsible for
the prediction that for the London area, a simplified layout
of the area would be easiest to read, because people simpli-
fiy their cognitive maps of unfamiliar areas by systemati-
caily distorting the road metwork, eliminating the twists
and turns thought to be helpful for a familiar area. The
finding was that veridical maps were predominantly the
easier maps to read, regardless of the fawmiliarity of the
area, indicating that the intermal representation of an area
is best approximated externally by a veridical {(non-simpli-
fied) representation of the area.

Bartram found that, what he called "schematic" maps were

read faster than road maps. However, his schematic maps not



71

only exaggerated angles between roads and eliminated all
curves (road structuare factor), but all roads unrelated to
the bus schedules, and all unecessary detail, was also
removed {detail factor) thereby confounding road structure
and detail. In addition, his schematic map inciuded a dif-
ferent color for each route, but ome color represented all
routes on the road map, thereby confounding color as well.
Bartram was therefore not testing road structure alone. As
a result, he could not conclude that it was the simplified
road structure which accounted for faster times for the
"schematic” mapse.

In the case of Blacksburg, one possible reason for verid-
ical maps being more readable than simplified maps, was due
to Blacksburg?s familiarity to the subjects. The subjects
knew the idiosyncracies of the roads, and where their posi-
tion on a map should be in relation to the other roads. A
map in which the road structure was not displayed veridi-
caliy did not correspond to the subjects? cogritive map.
Slower times were the result, as well as an 1increase in
errors for the simplified, though distorted, maps.

This explanation, however, cannot account for the road
structure results involving unfamiliar maps, in which verid-
ical maps were again more readable than siamplified maps.
One hypothesis which can concerns the subjects! previous map

experience. it is probable that the majority of the maps



72

people read are road maps, which of necessity present roads
in a veridical, not simplified, mananer. It is also probable
that all the subjects, being above the driviag age, have
used road maps, if not extensively, then at least occasioun-
ally. Presemnting a map of roads in which there are 7o
curves and ail intersections are either 90 degrees or 45
degrees may have confused the subjects. In other words, the
subjects may simply have been used to reading a veridical
road map, and may have had little experience with a simpli-
fied road mapa

Another reason that the simplified maps may have been
easier to read than the non-simplified maps 1is that perhkaps
a road network of straight roads and angular intersections
was disorienting or disgquieting to people viewing a map
because of its unreality. According to this explanatioz,
people have built up an internal plan, or "schematic%, of
how roads truly make up a town or a city. The map reader's
knowledge of the world is of a world with curved, wnct per-
fectly straight, roads. Seeing a map inm which roads are
presented in a mamner contrary to their cognitive scheras
takes longer to read and more errors are commpitted.

These two explanations are related in that it is experi-
ence with a non-simplified, veridical worid, whether that be

a road map, (former explanation), or the actual roads thea-
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selves (latter explanation). These explanatiors receive
support from the subjects? ratings of the maps, which rev-
caled that they preterred the veridical maps to the simpli-
fied nmnaps-. These ratings wvere made after their performance
using the mwaps, and so are probably due, 1in part, to a
reflecticon of the actual performance. Still, the veridical
maps received the least preferred rating, 2.15, and the sin-
plified w#aps received the most preferred ratiag, 2.85. Tae
ratings for the lou-detailed maps {2.32) and the high-de-
tailed maps (2.57) were each more noderate. This suggests
that the subjects felt quite stronyly that the veridical
maps, for both the familiar and unfamiliar area, w¥ere more
to their liking. If it is true that people do prefer exter-
nal representations (maps) in a form similiar to ‘their
internal representation (cognitive maps), thet their cogni-
tive maps are of a veridical nature. The world really is
full of <curved roads intersecting imn an umsystepatic way,
and a distorted, though simplified, wmap may be confusing to
nap readers.

Map complexity is mnot a crucial factor respomsible for a
map's readability, or even map preference. In the pretest,
high-detailed maps were rated as more compilex thau low-de-
tailed maps. High—detailed maps were also 1less readable

than low-detailed maps. Hovever, there was no sigrificaat
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difference between the preferences for 1low—- detailed asnd
high—-detailed maps. The complexity of the maps, with regard
to the maps?'s road structure, had no bearing on either the
subjects' scores or their map preference. The veridical
maps were rated as more compiex, yet these nmaps were both
more readable and more preferred. It is not 1likely that it
is the <complexity of the maps per se which 1is respousible
for the greater readability of the veridical maps. It is
more plausible that it is the waps? correspondence with
reality, its veridicality, which is the primary reason for

its greater readabiitiy.

CORRELATIONS AMONG DEPENDENT VARIABLES

The location measures, location time and number of inter-
sections correctly located, were significantly correlated.
This means that 1if a subject?'s location times were fast on
trials in which no destimation error occurred, them on ail
triais they located most of the intersections presented to
him/her; if a subject?s times were siow, then there fewer
correctly circled intersections overail. In other words, a
subject?s speed 1in finding two intersections correctly was
related to his/her overall accuracy. This being a correla-
tion, however, does not imply that greater speed causes

greater accuracy. Indeed, a factor causing both 1is probably



75

responsible for the significant relatioaship, that being a
general map-reading ability. This map-reading ability is
probably due im part to the subjects cognitive style, witkh
field—independent subjects having greater ability than
field-dependent subjects, since the GEFT score was signifi-
cantly correlated with both location measures.

The fact that the two efficiency measures were correlated
is not surprisinga. A long bus route in most cases involves
more pus stops and bus changes, while a short bus route
involves fewer bus stops anrd buses. The amount of tinme
spent in determining a bus route was not correlated with
either of these efficiency measures. This wmeans that the
simple act of taking a longer time to look for a route did
pot increase efficiency, in and of itself. This also 1s not
surprising when it is considered that the subjects were not
told to search for am efficient route. The reason that the
subjects were not given those instructions was to obtain a
measure of which maps automatically elicit an efficient
rounte. Therefore, the subjects were only liooking for the
first route that they could find, regardless of its effici-
€0CY~ If the subjects were tolid to search for the most
efficient route they could find, it is probable that the
amount of time spent searching for a route would be related
to the efficiency of that route. This should be studied in

a future experiment.
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The subjects who located the intersections quickly also
determined a bus rounte guickily, while those performing
slowly did so for both tasks. Additiomally, both time vari-
ables were significantly correiated with the number of
intersections located correctly. It is probable, themn, that
the map-reading abiiity previously uentioned is responsible
for both the speed and accuracy of map reading.

There was one other significant correlation, that ketweexn
location time and the number of bus stops. This is unex-
pected, since the time to determine a bus route was not cor-
related with the number of bus stops, an efficiency measure
of the bus route. The only logical explanation for these
results is again that a general map-reading ability was res-
ponsible for subjects locating dintersections quickly and
selecting a route with few bus stops in it.

Because of the high correlations between several of the
dependent variables, it was probable that they were measur-
ing much of the same underlying abilities. Specifically,
the two variables of number of bus stops and number of buses
appear to be measuring the same akiiity, that of choosing an
efficient bus route. Location time's high correlation with
number of intersecticns correctly 1located indicates that
both are measuring the ability to locate places on a map.

And finally, the high correlation between the time measures,



17

location time and bus route tinme, indicates a general wmap-

reading ability.

FASILIARITY MEASUZRES

The three wmeasures of familiarity with Blacksburg were
correlated with the scores for the Blacksburg maps to see
what the effect of fawmiliarity would be. It must be
recalled that, to assure an effect of familiarity, a regui-
site for participation in the study was a length of resi-
dence in Blacksburg of at least two school years. There-
fore, the 1liwmited number of significant correlations were
probably due, 1in large part, to the effectiveness of this
reguisite. a1l subjects were at least somewhbat familiar
with the Blacksburg area, and so even if some subjects were
more familiar with Blacksburg than others, they were all
familiar enough so that differences between the subjects!
scores were minimal. This wouid account also for the nosn-
significant differences Letween depenrdent scores for sub-
jects rated low, medium, and high in these three measures of
familiarity. In order to see the effects familiarity with
Blacksburg has on the deperdent variables, a future experi-
ment should include a group of subjects unfamiliar with an
area to be compared to a group of subjects wmore familiar

with that area.



78

Interestingly, the subjects?! own rating of familiarity
with London correlated with two of the {five dependent mea-
sares——-bus route time and the number of buses im the bus
route. It is probable that the subjects bkased their rat-
ings, either consciously or subconsciously, on their owmn
previous performahce. If the subjects remembered having
difficulty with the London maps, they may have reported taat
they were very unfamiliar. If, on the other hand, they were
not particularly troubled by the London map they may have

rated their fariliarity as not guite so 1low.

1ETHECD OF TRAVEL

ot s e

[}

t was determired that subjects who travel arouad
Blacksburg most by automobile took more time to determine a
bus route betweenrn two intersections. Yet it was also deter-
wmined that the 16 subjects who drove located more places
tharn walking subjects, and reported their ows familiarity
with Blacksburg as higher tham subjects who walked. The
former results suggests greater knrowledge of Blacksburg for
walkers than drivers, while the 1latter results suggest
greater Blacksburg knowledge for drivers than walkers. It
is possible to reconcile these apparently conflicting
results by proposing that people who walk pay more attention

to the streets and the street names between their destina-
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tions than do people who drive. #hen they had to determine
a route between two intersections on the bus route map, tkev
were better prepared, and their times reflected this. On
the other hand, people who drive travel more and come into
contact with more places and these subjects, with this know-
ledge, reported their familiarity as greater than those who

walke.

HAP PREFZRENCE

The subjects preferred botk veridical maps to both siam-
plified maps for the familiar area, Blacksburg. The sub-
jects were fro=m Blacésburg, and so had at least partial
knowledge of the rocads? true nature. The same pattern of
preferences was obtained with london maps, except that the
veridical high-detailed map was more preferred than only the
simplified high-detailed map, and not the simplified low-de-
tailed map. Similar results for both familiar and unfawmii-
iar areas sugygest that people prefer maps in which roads are
presented as they realiy are, rather than as distorted. This
conclasion was also reacﬁed when considering the ANQOVZ
results.

These preferences corresponded with their performance,
since for the three dependent variables in which there was a

main effect of road structure (both time variables and the
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location variable), veridical maps were more readable than
simplified maps, meaning that the subjects?! subjective pre-
ference corresponded with their objective measure. One pos-—
sibie explanation for this is that the subjects remenbered
their own performance and, based on that, decided which nap
they preferred. An alternative possibility consistent with
results discussed up to now is that the same factor was res-
ponsible for both performance and preferance, that being the
fact that a veridical representation of an area is the form

in which an area is intermnally represented as well.

FIELD DEPENDEN

P < vt o

=]

The GEFT was presented to the subjects to obtain am esti-
mate of their cognitive style (specifically, field depen-
dence). It was hypothesized that field independent sukbjects
would be better at reading a map than subjects with field
dependence, because the two map tasks required the subjects
to break up the field into discrete parts, which field-inde-
pendeat subjects are better akle to do. The subjects were
required to complete two tasks involving the maps. The GEFT
score was significanrtly correlated with botk measures for
task one, locating the intersections, bat with none of the
three measures for task two, determining a btus route. The

negative correlation with location time reflects the fact
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that as the field dependence score increased {greater field
independence) the time to locate intersections onr the wmap
decreased (greater ability). The positive correlation with
the number of intersections reflects the positive relation-
ship between the field dependent scores and the anuasber of
intersections; the greater the field independeace, the
greater the ability to locate intersections on the map. in
addition, the GEFT scores were divided into low, medium, and
high. There vere differences between these groups only with
the location time.

Therefore, field dependence was related to the ability to
iocate places on a map, but not to the ability to use the
map» Since field independence implies ability to focus in
on relevant information and the ability to igmore irrelevant
information, evidently these two abhilities were important
for both the GEFT and locating places on a map. Field inde-
pendence is not am importance skiil for using the map, once
the critical places have been found.

The sudbject?s GEFT score was related to the nuwmbker of
destination errors the subject coamritted, (the greater the
field independence, the fewer the errors). ¥hat this neasns
is that high field independence can help one to avoid desti-
nation errors, and safely reach one's destination. However,

both low and high field dependent subjects committed trans-
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iation errors egually. Field independence did not kelp in
the translation of the bus route Ifrom a pictorial to a ver-

bal mode.



CONCLUSIONS

It was stated in the beginning of this paper that
research dealing with transit informational aids is severely
lacking. The research reported here used subjects' ability
to read a pictorial bus schedule to investigate the two map
variables of road structure and detail; The conclusion was
reached that a) bus route maps are most easily read when
roads are presented veridically and b) exira detail does not
aid in the readability of a map, but should be inciuded,
nevertheless, to help bus riders plan their routes, These
are just two of the many variables which should be investi-
gated in order that potential bus riders receive information
that they cam understand and use to plam a bus trip.

The methodology empioyed to determine what maps are most
easily read when presenting a bus schedule was also used to
investigate cognitive maps. It was concluded that the sub-
jects? intermal representation of both areas represented was
best approximated externally by a non-simplified, veridical
road structure, since those mpaps were more readable. Both
direct methods of assessing internal representations (€.g.
map drawing) and indirect methods (e.g. map readiang perfor-
mance) mwust continue for there to be a final determination

of the form and knowledge contaimed in cognitive naps.
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Appendix A

The eight maps presented to subjects

(reduced 35 %)
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Appendix B

Balanced lLatin Square Design
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Appendix C

INSTRUCTIONS

I will piace in fromt of you a map of eight bus routes
for either the city of Blacksbuarg or another city unfamiliar
to you.  Hritten onr top of each map will be twoc pairs of
street intersections. The first intersection is the depar-
ture point and the second intersection is the destiaation
for a bus trip. I would like you to first locate each point
and circle it with a pencil.

After you have marked both points, I would 1like you to
work out the buses needed to travel from the first poiat to
the second. There are eight (8) bus routes, the stops being
indicated by a number next to a dot. First, write down at
the bottom of each map the buses you would take, and secornd,
draw on the map the route to Le taken.

For example, on this much simplified map, I have written
the intersections of Ace St. and Queen St., and King St. and
Lemnon St. First, jou should locate these two points and
then circle ther (please do SO now)a. Inmediately foliowing
that, determine how to get from the first point to the sec-
ond, using the buses, and write down the bus numbers at the
bottom of thke page. 1In the example, in order to travel from

Ace and Queen to King and Le@mon, one must use bus 2, then

95
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bus 3, thean bus 1. And finally, draw the route on the map.
One must travel alosng the route depicted on this map. One
cannot travel <from Queen and Lime to Lemon ard King using
Lemon Sta., because there 1is no bus that travels between
these twe bus stops {buses 2 and 3 are at the first stop,
and bus 1 is at the second). Therefore, one cannot travel
directly from the first tc the second stop, using Lemon St.,
but must choose a second route, the one shown on the map.

Remember these rules. In order to travel between two
inmediate points, the same bus route must have a stop at
both points. 1If two points are connected by a road, but the
samne route nubber is not at both points, then another road
nust be chosen. The buses can travel im both directions omn
each route. Many of the bus stops wiil have 2 buses stop-
ping at that intersection. Cne of the buses must be chosen
on the basis of which bus travels +to the next stop on the
way to the final destination. And fipally, 1t is possibie
for a road to be disconnected, such as Ace St. Stopping
above Qgueen St. before restartiazg again at Queen St.

To repeat, the three tasks are:

1« Jlocate and circle the two locations

2. determine and write down the bus route nunbers
needed to get from the first to the second loca-

tion
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3. draw the route on the map

I will be timing you, so please work as quickly as possi-
ble, while still limiting errors. As soon as you have cir-
cled both points, determine the bus route you wsould take on
the map. When you have finished drawing the bus route to be
taken, turn the map over so I know you have finished. There
will be a total of 16 maps. As soon as 1 give you the map,

start your three tasks. Are there any guestions?



Appendix D

Map used during practice trial

Queen St 4
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Appendix E

EIGHT PAIRS OF BLACKSBURG AND LONDON INTERSECTIONS

Blacksburg

Broce Dr. & Tom's Creek Rd.

Clay Sta.

Cork DPr. £ lucas Dr.

& S. ¥ain St.

@

Orchard View Harding Ave.

Southgate Dr.

Stonegate Dr. £ Tom's Creek Rd.

ner Dr.

Marlington St. & Grissom La.

Hashington St.

Sunrise Dr. & Palmer Ir.

Harding Ave.

Hubbard St. £ S. Main St.

Field.

University <City Blvd. 5

Southgate Dr. & Spring Ed.

99

¥illard St. &

Country Club Rd.

Airport Rd. &

Eheart St. & Pal-

Spring Rd. &

N. Main St. &

YPI ¥Mall & Drill

Priceds Fork Rd.
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Londosm

London Rd. & Pondfield Rde.

VYalence Ave.

Long Ave. & River Rd.

Dagenham Rd.

Wood La. & Hester La.

Park Dr.

Lodge Ave. & Barstable Rd.

Dagesham Rd.

Oval Rd. & River Rd.

S. Park Dra

Narrow Laa 5 Hoodward Rd.

Upney la.

Wilmington St. & Upney la.

per Ave.

Peachtree Rd. & Town Rd.

St.

yictor Rd. &

[}

Arnold Z2d.

Green St. & Na

Malverz Dr. &

=)

Wilmington St.

[ne}

Victor Rd.
& Rus-

Arbey Rd.

East 5t. & Green



Appendix F

PLACES THE SUBJECTS #WERE REQUIEED TO LOCATE IN BLACKSBURG

1. Burger Xing

2. Blacksburg High School

3. Mr. Tooz Sub Shop

4. Foxridge Apartments

5. Harbor®s Landing ¥Fish Camp

. Capri Twin Theaters

7. Mish Mish

8. Blacksburg Public Fool

9. Mazxwell's Restaurant

10. Holiday Inn
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Appendix G

Questionnaire Presented to Subjects

1) What is your usual (most often used) method of travel around

Blacksburg? a) automobile
b) bicycle
c) walking
d) hitchhiking
e) other

2) How long have you lived in Blacksburg (years and months)?

3) How often have you used bus schedules in your lifetime?

() d- A e —d i
never ' used used
used moderately often
one

4) How familiar are you with the area of Blacksburg represented

by the maps presented to you?

+ — + + + + —t
very moderately very
unfamiliar familiar familiar

5) How familiar does the strange city represented by the maps

seem to you?

very " moderately very
unfamiliar familiar familiar

-+

102



Appendix H
Analysis of variance summary table for each

dependent variable

Location Time (Between Trials Data)

Source af S8 F
Between Subjects
Subjects (S) 39 29159.80
Within Subjects
Trial (T) 1 1950.04 13.85%*
T xS 39 5490.27
Familiarity (F) 1 17840.31 111 . 34%x
Fxs$ 39 6248.90
Road Structure (RS) 1 3067.19 7.71%x
RS x S 39 15512.83
Detail (D) 1 9621.10 55.83%*
Dx$S 39 6721.12
T x T 1 50.73 0.33
TxF xS 39 6076.20
T x RS 1 117.37 1.06
T x RS x S 39 4304. 60
T x D 1 731.02 5,53%
TxDx S 39 5159.76
F x RS 1 34,54 0.22
FxRSxS 39 6146.18
FxD 1 40.16 0.17
FxDxS 39 9033. 54
RS x D 1 303. 54 1.39
RS x D x S 39 8546.46
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Source

Tx I xRS
TxF xRS xS
TxFxD
TxIFxDxsS
Tx RS xD
TxRSxDx$S
FxRSxD
FxRxDxS
TxF xRS xD
TxFxRSxDx3S

Total

104

ar ss
1 71.21
39 7638.96
1 84.80
39 459,62
1 130.14
39 5407.52
1 508.08
39 7484.29
1 78.23
39 8517.53

639 170176.14

* p<.05
*% pl01

=3

0.36

0.74

1.10

2.65

0.36



Location Time (Across Trials Data)

Source
Between Subjects

Subjects (S)
Within Subjects

Familiarity (F)
Fx$S

Road Structure (RS)
RS x S

Detail (D)

x S

x RS

x RS x S

x D

xDx S

RS xD
RSxDx S
FxRSxD
FxRxDx3S

=g

=

Total

39

39

39

39

39

39

39

319

105

* p<L.05
** p<01

S

16360.

10181

3889.
1133.
3267.
.68
.05
12.
4934,
113.
5668,
330.
5221.
561.
L626.

5810
4231

71342.

53

.34

34
75
66

L2
o4
L2
31
13
78
13
52

15

1=

102.09%x

5.35%

53. 56%x

0.10

0.78

2.47

L. 73
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Humber of Intersections Correctly Circled

Source af SS F
Between Subjects
Subjects (8) 39 2.52
Within Subjects
Familiarity (F) 1 1.31 23.09%*
F xS 39 2.22
Road Structure (RS) 1 1.19 19.78%x
RS x S 39 2.34
Detail (D) 1 0.04 0.86
Dx S 39 1.74
F x RS 1 0.66 18, 65%%
FxRSxS 39 1.37
FxD 1 0.09 1.69
FxDx3$S 39 2.19
RS x D 1 0.04 0.86
RSxDx 38 39 1.74
FxRSxD 1 0.01 0.08
FxR xDx$8S 39 3.27
Total 319 20.72

** D05
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Bus Route Time (Between Trials Data)

Source arf SS F
Between Subjects
Subjects (S) 39 54660 .20
Within Subjects
Trial (T) 1 7667.41 Lo, 37**
T xS 39 7407 .22
Familiarity (F) 1 6L22.45 27.32%%
F xS 39 9168.82
Road Structure (RS) 1 1003.60 L.,07
RS x S 39 9621.59
Detail (D) 1 3846.35 10.99%*
DxS 39 13651.59
TxF 1 143.98 1.01
TxFxS 39 556546
T x RS 1 24,00 0.11
T x RS x S 39 8163.00
TxD 1 75.57 0.38
TxDxS 39 7804.19
I' x RS 1 2.06 0.01
F xRS xS 39 10482.69
FxD 1 37.15 0.15
FxDx$S 39 970L4. 56
RS x D 1 1437.78 3.80
RS x D x 8 39 14754.87
T x F x RS 1 26.66 0.18
TxF xRS xS 39 5635.38
TxFxD 1 121.26 0.69

TxFxDxS§ 39 6855.96
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Total

RS x D

RS xDx S
RS x D
RExDx S
FxRSxD
Fx RS xDx

S

108

ar ss F

1 244,08 1.08
39 8795.60

1 1.24 0.00
39 14628.94

1 37.88 0.17
39 8922.45

639 216913.98

**% p<.01



Bus Route Time (Across Trials Data)

Source
Between Subjects
Subjects (S)

Hithin Subjects

Faniliarity (F)
FxsS

Road Structure (RS)
RS x S

Detail (D)

Dx S

F x R3

RS x S
FxD
FxDxS

RS xD

RS xDx S
FxRSxD
FxRSxDxS

bnd
1

»4

X
X

Total

109

af )
39 28046.70
1 3173.78
39 4665.17
1 530.55
39 4782.73
1 1764.18
39 6803.61
1 2.14
39 5339.93
1 21.44
39 4888.31
1 709.89
39 7454, 60
1 0.06
39 7548.13

319 75731.20

* p<&.05
*¥* p<k,01

=3

26, 53

.33

10.11%*

0.02

0.17

3.71

0.00



Number of Bus Stops in Bus Route

Source
Between Subjects

Subjects (S)
Within Subjects

Familiarity (F)
Fx3S

Road Structure (RS)
RS x S

Detail (D)

Dx S

x RS
FxRSxS
FxD
FxDxS

RS x D
RSxDx S
FxRSxD
FxRSxDxS

=]

Total

110

319

¥ p<.05

20.50

1.80
23.20
0.25
27.75
0.45
21.80
0.00
21.00
1.51
28.49
1.38
27.62
4,28
26.72

206.75

1=

3.03

0.36

0.81

0.01

2.07

1.95

6.24*



Number of Buses

Source
Between Subjects
Subjects (S)
Within Subjects
Familiarity (F)

m

F xS

Road Structure (RS)
RS x S

Detail (D)

x S

x RS

r RS x 3

x D
FxDxS

RS x D

RS x D xS

FF'x RS xD
FxRSxDxS

RO
5

Total

111

319

in Bus Route

16.25

4,28
15.35
0.25
12.25
0.20
21.05
0.00
19.12
0.05
19.57
1.01
15,24
0.45
14,92

139.99

1=

10.87*x

0.81

0.37

0.01

0.10

2.59

1.18
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RELATIONSHIPS BETWEEN MAP FORHAT AND ROUTE SELECTION: TOHARD
IMPROVING TRANSIT INFORMATIONAL SYSTEHS
by
Kenneth A Spitz
{ABSTRACT)

The aims of the present study were twofold: (1) to deter-
mine the effectiveness of various map formats in preseating
mass transit information; and (2) to assess subjects?! inter—-
nal representation of spatial features of the envircmment.
It was hypothesized that bus route selection would be a
function of both the amount of detail and the road structure
presented in maps and that the effect of detail and road
structure would depend upon the <familiarity of the mapped
area. A 2 X 2 X 2 (Familiarity x Detail x Road Structure)
factorial design was employed in the experiment. The famil-
iarity factor was manipulated by mapping a familiar area
(Blacksburg, Virgimia) and an unfariliar area {an altered
section of London, England). Detail was wmanipulated by
including or not including roads and landmarks on the maps.
Road Structure was manipulated by presenting roads in either
a veridical or a simplified manner.

Performance os a map reading task was used to assess the
effects of the independent variables. Fourty undergraduate

sub jects were required to first 1locate two intersections osm



a bus route map and second, to determine a bus route between
the two intersections., Five dependent measures of map read-
ing ability were obtaimed. Results indicated that, for both
familiar and unfamiliar areas, a veridical rcad structure
yielded less errors and faster times for determining a bus
foute than did a simplified road structure, and that detail

lengthened the time to perfcrm the task.
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