T
{
.
-,

| =

_aamia o 4 domae ke it o sk ekl ol e S LR Lopas, dabl ) J

@\,
@)
— ON LEARNING MAPS
Do
H
- JOSEPH SHIMRON
=T
[
<C
CENTER FOR HUMAN INFORMATION PROCESSING
University of California, San Diego
La Jolla, California 92093

Sponsored by September, 1975

Advanced Research Projects Agency
and the Office of Naval Research
ARPA Order No. 2284

E‘__': a7,

Approved for public release; distribution unlimnited. Reproduction in whole or
in part is permitted for any purpose of the United States Government.

JRBLR L L L o L e i i, e o ik

e bk e o e s | i il e e el BTt i T T



- -
‘Wm-—‘n‘-—:———v -
.

- -
‘ M / ol
) ] Whine Sectlon L
. " Wil Sectioa [ .

- WAmOWCE 0 }
JTUHIBATION............ccooonomnnrnnnenne.

" !
MSTRIBETION/AVAILABILITY 80DES
[~} AVAIL. and/or SPECIAL

e

=

%

»ne

1

|

e

i B = =

= s

|

4 1 =

r




On Learning Maps

Joseph Shimron

Contract Number: N00014-75-C-0757

ARPA Order Number: 2284

Task Authority Identification Number: NR 156-360
Program Code Number: 5W10

Effective Date of Contract: 1 February, 1975
Contract Expiration Date: 31 January, 1976
Amount. of Contract: $106,509

Organization: University of California, San Diego
Principal Investigator: Donald A. Norman
[Phone (714) 452-2947]

Scientific Officer: DOr. Marshall Farr, Director
Personnel and Training Research Programs
Office of Naval Research D D C

MIGHNLE

NOV 11 1975
LOLITUTE
D

.
‘ The views and conclusions contained in this document are those of the

author and should not be interpreted as necessarily representing the
official policies, either expressed or implied, of the Advanced Research
Projects Agency, the Office of Naval Res:arch, or the U.S. Government.

This research was supported by the Advanced Research Projects Agency and
the Office of Naval Research of the Department of Defense and was monitored:
by ONR under Contrart No. N00014-75-C-0757.

Approved for public release; distribution unlimited.




UNCLASSIFIED

SECURITY CLASSIFICATION DF THIS PAGE (When Dete Entered)

READ INSTRUCTIONS

REPORT DOCUMENTATION PAGE BEFORE COMPLETING FORM

T AEPORT NUMBER 2. GOVT ALCESS|OM NO.| 3. RECIPIENT'S CATALDG NUMBER

PN . . s. TYPE DF REPDRT & PERIOD COVERED

On Learning Maps, Technical Report

6. PERFORMING ORG. REPORT NUMBER

/7‘~ —EONTRACY O CRANT NUMBERI®——
S

Joseph éhimron | (/9 N00014-75-C-0’7579

058 A LA 7
AR PO (dei=AA7 7

[ . PERFDRMING DRGANIZATION NAME AND ADDRESS 107 phbG‘YAM EL'EMENT."’WDI!CT’.“’T!SK'

Dr. Donald A. Norinan AREATE WORIC UNIT N gproers

Center for Human Information Processing NR-156-368',

) -y

pglng?;Fyerqgsalforn1a, San Diego

11. CONTRDLLING DFFICE NAME AND ADDRESS 42 -~ A

Personnel and Training Research Programs é /%j SeE!! 75 / p

Office of Naval Research (Code 458) s, Nuua%sa OF PAGES ]
Arlington, VA 22217 22 =

4. MDNITDRING AGENCY NAME & ADDRESS(if different from Controiiing Office) 1. SECURITY CLASS. (of thie report)
Unclassified

1Se. DECL ASSIFICATION/ DDWNGRADING
SCHEDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abatract =~tersd in Biock 20, if diflerent from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse eide i neceseary and tdentily by biock number)
Map, learning, memory, spatial information, cognitive psychology.

20. ABSTRACT (Continus on reveree eide i necessery and identily by biock number)

/> This report describes a study of how maps are learned. Subjects studied a
simple map under various conditions and then answered questions about the map
and drew the map from memory. It was found that: (&) local relations are
learned before large-scale relations; (f) different types of pap information
must be presented simultaneously for e ective integration; (%) reading a story
relevant to the map is more helpful in remembering the map than Spending the
same amount of time copying the map.y\

DD |FJ<::M74 1473 )( EDITION OF | NOV 8515 OBSOLETE | <
S/N 0102-014-6601 | LUNCLASSIEIED
SECURITY CLASSIFICATION OF THIS PAGE (When Dete Entered)

A

YOy R67 /(-




L)
4 'l
L P e i
=
.

On Learning Maps

Joseph Shimron®

University of California, San Diego

La Jolla, California 92093

The exploratory studies reported here concentrate on two areas:
R (1) The process by which maps are learned: Is there a general strategy
people develop when they study a map? (2) Processes of storage and
retrieval of map information: Are there special organizations which are
more effective than others in storing map memory?

A map is a hybrid of the linguistic and pictorial systems. It is

symbolic in the sense that it bears little or no resemblance to the

p

space which it describes. The red line which symbolizes a highway has

o

little similarity to the visual appearance of the actual highway. In

this sense a map can be construed to be 1ike a language, with both a
surface structure and a deep level meaning. The organization of the map

symbols is a central issue in learning, comprehending and remembering a

—t ——

map. Three aspects of this organization seem to be particularly
important: (a) the coordinate system; (b) the "shape world;" (c) the
overall integral relationships.

The coordinate system is the most obvious element of map organization.

A map can be analyzed in terms of top and bottom (north and south), and

yy e A

left and right (west and east). The map symbols are organized and fixed

in two dimensions in a way which preserves values such as shapes, distances

e 2 n g —

and directions.
Shapes may be described by means of a coordinate system. However,

many shapes are familiar and carry names. Thus, even though a square can

lNow at the School of Education, University of Haifa, Israel.
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be easily described by the coordinate system, recognizing it as a square
affects its psychological processing (Reed, 1973; Riley, 1964). One way
of comprehending a map is to organize the lines into familiar figures.
Perceiving and thinking in terms of a familiar figure can be valuable
even if the figure is deviant from its stereotypic shape, as long as this
deviation is definable. Thus, one can comprehend a specific figure as
“this rectangle with the tail at the upper left corner," or “this shape
which is similar to an inverted B." There is also the possibility that
a particular shape will be a combination of a certain number of familiar
shapes (cf. Leeuwenberg, 1971), and some correcting rules will be used
to supplement the definition. Practically every unfamiliar shape can
eventually be defined by combining familiar figures or their parts and
by applying correcting rules.

The third element in map grammar is the overall integration of the
map's subparts. Orientation and location are aided by the coordinate
svstem. However, the real practical test of a reproduction of a map is
not just how closely each element approaches its original location or
original shape, but also how well everything fits together.

When subjects learn a geographic map, they are expected to remember
names of objects like cities, rivers, mountains and highways. Memory for

these names seems to require cognitive processing different from and

perhaps independent of the processing mentioned above. Yet memory for

names and titles is essential for practical reasons, since in order to
demonstrate knowledge of the map, the labels of objects included in it
must be used correctly. It seems possible that some subjects will have

good memory for forms but poor memory for labels, and vice versa.




Analysis of Map Descriptions

In the first phase of this study of map learning, a group of 14
subjects was asked to learn a map (Figure 1), and then to describe it
in writing. Of course, people can write about only that part of a map
that can be put intc words. Verbal analysis of map Tearning is obviously
Jimited in its value, but may still be helpful. As expected, most people
used coordinate lexical ijtems typical for describing directions and
Tocations. including expressions like "the northernmost city" or "the
southern routes." Some people were quite specific in their use of the
coordinate expressions, using phrases like "nalf the way north" or
"directly east." Some mentioned the approximate angle between objects.

With one exception, all of the participants included at least one

shape in their description of the map. Half of them mentioned the S

shape of the river. Others mentioned terms Tike "a concave road,"
"a Y intersection," "a fork intersection," "the veverse-7 shape of the
mountain range," "the river as an integral sign," “the highways' form
of an oval" ("parallelogram," "diamond," or "arc"), and "river elbows."
The cities mentioned in the map were usually referred to through
connections to the highways and major objects such as the river and
mountains. Usually the highway was described first, followed by the
cities along the highway. Sometimes the description of the highway was
combined with reference to the cities involved. Ar example of the former
is: “Interstate 11 is on the west side of the river. It has Romney on
it on the north and Sunyside on the south." An example of the latter is:
"Highway 5 starts with Danville which is a little bit northeast of

Sunyside and goes north throuch Burkesville which is just a little
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northeast of Forsyth, up through Alton which is up in the mountains, just
east of Maysville, and then through Quincy." One of the participant's
descriptions included a comment that obviously resulted from the creative use
of imagination: "There is a valley running from the river east and on

a clear day you can sec from Maysville all the way east to Alton, and

from Forsyth all the way east to Burkesville." Apparently, this subject
visualized being a part of the landscape and in an zitempt to make the
whole wap more meaningful, added some propositions which helped to integrate
the information given by the map. In summary, analysis of the map
descriptions shows that the subjects made use of words that denoted
coordinate relationships, identified familiar shapes, and associated city

locations with the spatial concepts.

Experimental Work

Suppose a map is learned. How can we detect the organization of the
map elements in a person's memory? One way is to name various parts of
the map and then to use these names as pegs for the detection of map
information. In the map used in these experiments there is a river, a
mountain range, three major roads, and ten cities (Figure 1). In order
to make the detection of map organization possible, cities were located
at all road intersections and the roads were given names. There are also
two bridges--the northern and the southern. Given the cities at major
intersections, the road names, the mountains and the river, it is possible
to cue several hypothetical systems of memory organization and realize

their relative effectiveness.




Learning a map--as well as learning any other visual stimuli--takes
time and requires the activation of several processes. How is it possible
to detect the temporal order by which these processes are organized? In
this study, by previding different amounts of time for the learning
activity, it was hoped that information about the strategies of map
learning could be gained. How -an the quality of map recall be measured?
The scoring system must be able to assess the assumptions about the

possible ways of organizing map information.

Several elements of the map can be conceived as schemes to which

other map elements may be connected. Cities, for example, can be conceived
as connected to main highways, rivers, or mountains. The highway or the
river thus becomes a framework for encoding the other locations and its
label can be used as a cue for retrieving the whole frame. In the process
of forming a framework, subjects should also incorporate into it the
various relevant details, such as city location and bridges (cf. Asch, Hay
& Diamond, 1960).

Map elements might also be encoded in terms of their coordinate
position. Objects appearing on the map can be learned as being in the
northern, southarn, or central portion of the map.

Proximity between map elements may also play a role in the integration
of map information. Things which are seen closely together are likely to
be remembered in conjunction. This is an old rule of perception and memory
which may have significance in the processes involved in learning maps.

Finally, there is a need to assess the overall integration of the map
elements. When a map is fully memorized, people should be able to "read"

the map from north to south, west to east, or along the highway system.
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In other words, they must comprehend the interrelations between the various

organizations of map information.

Measuring Map Learning

Recall of items as organized by the coordinate system was assessed
by two kinds of questions. The first asked for the most northern, southern,
eastern and western cities on the map. The second asked for coordinate

relationships between cities: "Which city is directly south of Alton?"

To assess the effect of proximity among map elements on the recall
of map information, two kinds of questions were formulated. The first
dealt with proximity between nearby cities: "Which city is between Alton
and Danville?" The second dealt with the proximity of a city to a
geographical object: "Which city is in the mountains?”

In order to assess how various items are organized in conjunction
with major figures of the map, the associative memory between cities and
highways was tested. In one set of questions subjects were asked to name

two cities along a particular highway in no specific order. In another

set of questions subjects were asked to name all the cities located on a

particular highway in a predetermined order.

| RE

Two types of questions were formulated to assess overall integration
of the map information. In .he first one, subjects were asked to mention
all the cities from one end point of the map to another along the shortest
route. In most cases the two end points were located at the two ends of a
highway, but not always. The other question was aimed at assessing overall

integration of the map. The subjects were told a list of ten city names.




The 1ist actually followed a particular route on the map, but the route
was not told to the subjects. They were simply asked to write the names
down in the original order. The assumption is that to do the task
perfectly (or with only a single miss), a subject must have a good
internal organization of the list, probably recognizing the actual route
that was followed.

How can the quality of a map drawing be evaluated? One obvious way
is to compute point to point deviations of the reproduced map from the
original one. However, aside from the fact that such computation may be
difficult to perform, this method would not evaluate much of the subject's
knowledge that might be inferred from the map reproduction. Among these
are values such as similarity of shapes and proper placement of figures
on the map.

In the scoring system developed here, an attempt was made to reduce
subjectivity to a minimum. This was done by breaking the map into small
fractions so that each scoring decision applies to only a subpart of tne
map. If consistent criteria are applied, such a decision can turn out
to be sufficiently reliable. The fractioning of the map was done with
regard to the major map figures. Each figure was divided into its

graphical subelements. Map divisions were made where the figural contours

|

change their directions or shape. Subjects received zero credit if the

particular element did not exist on the map. They receivec half credit

|

if the element was depicted with the wrong shape or direction (a ceviation
of more than 45°). Full credit was given if the particular element was

judged to be quite similar to its equivalent in the original map.
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Experiment 1
The first experiment was designed to obtain information about the
temporal order of processes involved in map learning. If the map is
well Jearned--when enough time is given to the subjects and the
information of the map is well integrated, there should be no difference
between the effectiveness of the various memory organizations, since each

one of them has been sufficiently elaborated. If the time given for

learning the map is limited, some processes will be more affected than
others. This study examines the effect of limited time.
Method

Two groups of subjects were asked to learn the same map. The first
group was given as much time as they indicated they needed (approximately
12 minutes). The second group was given only half the amount of time
permitted the first group. Immediately after the learning period,
subjects were given (orally) the test questions described above, and

required to write their answers. Later they were also asked to draw

the map.
1 Y
. There were 14 subjects in the "unlimited time" group and 13 subjects
T in the "limited time" group. Subjects were undergraduate students at

the University of California, San Diego who were paid $2.00 an hour.

The wan and the answer sheets were organized in a booklet, and the
experimenter made sure that pages in the booklets were turned simultaneously
by all subjects.

Results and Discussion

The results are shown in Table 1. With the exception of recall by

spatial organization, all the scores were between 80 and 1C0% correct for

e e




Table 1

Mean percentage of corresct scores in each category of map
memory with limited and unlimited learning time.

In the"unlimited time"group N = 14. 1In the "limited time"
group N = 13,

Categories of Map Memory Unlimited Limited | Statistics
and Examples Time Time
la. Edges of the coordi- 81 79 N.S.

nate system (i.e.,
What is the most
northern city?)

lb. Orientation between 91 67 t = 2.27
cities (i.e., Which ' pe< .05
city is directly )
south of A?)

2a. Associations to 93 83 N.S.
nearby cities (i.e., {
Which city is
between A and C?)

2b. Associations to near- 86 87 N.S. B
by landmark (i.e.,
Which city is in
the mountains?)

3a. Associations between 96 72 N.S.
cities and routes
(i.e., Name two
cities on Rt. 5)

——— . e g S e

3b. Recall of all the 79 62 t =2.14 |
cities along a route < .05
(i.e., Name the cities p< -

on Rt. 7 going south)

4a. Cities b:-tween end 81 49 t = 3.3
points (i.e., Name p< .01 *
the cities from 1
A to D) l
1
4b. Recall by spatial 50 23 z = 1.42 1
organization (i.e., |
Repeat these ten p< .1 k

names. . .) F

Map Quality 89 81 N.S.
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the "unlimited time" group.

Limiting the amount of time available for learning has no effect on
subjects' memory of locai connections between nearby cities and between
a city and a topographic landmark. It is tempting to suggest that in the
process of learning raps, these associations are formed first and most
powerfully.

Subjects with restricted time were not hampered in identifying the
most remote cities on the map. It is assumed that memory that a particular
city is located on the very top (north) of the map is functionally similar
to memory of the relationship between a city and a particular geographic
landmark.

The situation is different when subjects are required to identify
coordinate relationships between various cities within the map. The
"limited time" subjects did not do well in indicating the exact orientations
between neighboring cities. It may be that although proximity between
locations is easily remembered, the exact coordinate relationship between
the items requires more processing.

Tests for overall integrative memory of the map show that people can
succeed only after considerable processing. There were two kinds of
questions in this category. In the first, subjects were required to recall
the names of cities between two end points of the map (4a in Table 1). In
the second, they were expected to realize the existence o~ spatial
organization which makes the memory of ten names easier or possible (4b in
Table 1). In these two tests restriction of learning time had a drastic

effect on subjects' performance. With regard to the first task, it could
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be expected that if time restriction affects the memory of connections
between several cities and a highway (as mentioned above), it would
certainly affect the recall of the same, or a similar, list of names

when subjects are not told that the items are all connected by a

particular frame (i.e., a highway).

The second task was the most demanding one. Only subjects who had
learned the map well could actually answer it. Of the "unlimited time"
group, 50% answered this question correctly, but only 23% of the "limited

time" group did so.
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Experiment 2
One possible strategy for learning a map is to identify schemes

like rivers, hichways or mountains, and then to associate nearby locations

with the schemes and store them together. At some stage (and perhups

simultaneously), the learner of the map must pay attention to the

| relations between map elements--how the schemes interrelate. This :
experiment studies the effect of presenting each of the map's schemes

! separately, so that processing the symbols and identifying the schemes

is made easier. In this way, a subject learns the layout of one scheme 1

before relating it to the others. The interrelations among several y
schemes as they appear together on the map may only be learned later on. E
Presenting the mep in piecemeal fashion has a serious control
problem. A claim can be made that any kind of stepwise presentation of
a map, no matter how the steps are derived, decreases the amount of
information to be learned in each single presentation and is bound to
facilitate learning. To control for this, the control group can be given
the map in a different piecemeal fashion. The map was divided into three
sections and the control group was given one third of the whole map at a
time.
Method
There were two groups, the "schemes" group and the "sections" group. i
| Each group received one third of the total map information in three
consecutive cumulative presentations. The "schemes" group received one
kind of information in the first presentation (e.g., the mountains and

the river); an additional type was added in the second presentation (e.g.,

il i, W Al o e e -

the highways); and then in the third presentation the rest of the map

information was added (e.g., the city locations). Thus, the entire map

i W ees
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was presented at the third presentation.

The "sections" group received

one section of the map in the first presentation (

e.g., the northern part),

an additional section in the second presentation, and all sections of the

map in their third presentation. The order of presentations of either
sections or schemes was rotated within each group to balance presentation
time for each particular item on the map. Each successive portion of the map
was presented after a 3-minute interval.

Subjects for this experiment were undergraduate students whose
participation in the experiment was part of the requirements in an
introductory course in Psychology. Twelve subjects took part in each one
of the two groups.

Stimuli were included in a booklet prepared especially for each

subject. Both groups were tested together in a classroom.

Results and Discussion

The results are shown in Table 2. Two of the comparisons between the

groups turned out to be significantly different in favor of the group who

learned the map in sections. The significant results were obtained with

the more difficult tests--i.e., the recall of all the cities along a

particular highway and the recall of all cities by recognizing an implicit

organization. Note that even though only two of the tests resulted in

significant differences, the differences in all nine tests were in the same

direction. Considering the small sample size, this pattern of results may

suggest a reliable difference between the two groups,




Table 2

A
Mean percentage of correct s¢ores in each category of map
memory for learning by schemes and learning by sections.
There were 12 subjects in each group.

Categories of Map Memory Schemes Sections | Statistics
and Examples

la. Edges of the coordi- 75 83 N.S.
nate system (i.e.,
What is the most
northern city?)

l1b. Orientation between 75 81 N.S.
cities (i.e., Which
city is directly
south of A?)

2a. Associations to 8l 83 N.S.
nearby cities (i.e.,
Which city is
between A and C?)

2b. Associations to near- 717 83 N.S.
by landmark (i.e.,
Which city is in
the mountains?)

3a. Associations between 76 89 N.S.
cities and routes
(i.e., Name two
cities on Rt. 5)

3b. Recall of all the 55 80 t = 2.58 | |
cities along a route i
(i.e., Name the cities p< .01 {
on Rt. 7 going south) |
4a. Cities between end 63 14 N.S. |
points (i.e., Name i
the cities from
A to D)
4b. Recall by spatial 8 42 z = 3.7
organization (i.e.,
Repeat these ten p< .001

names. . .)

Map Quality 83 86 N.S.

. = e T el A T L e —
G\ = .



Why is it that those persons who learned the map section by soction

instead of scheme after scheme had, on the average, the same or sometimes an

even better memory of the map? The answer must take into account
advantages and disadvantages of both strategies. Learning the schemes
in separation seems to have an obvious advantage in comprehending the
symbolic structure of the map. The identification of schemes such as
the highway system or the mountains is easier in this way. Learning the
map by sections, one always has to cope with the multischematic configura-
tion of the map simultaneously. Moreover, learning by section is also
difficult because the subject can learn only a fraction of the scheme
until the whole map is combined together, and may have trouble relating
one piece of the scheme *to the others.

Apparently another consideration should also be taken into account:
A major factor in learning maps is that all of a map's schemes are inter-
related as if they are superimposed one on top of the other. When
subjects learn one scheme at a time, they might have difficulty seeing
how all the schemes fit together. Without integration, whatever else is

learned about a map may be useless.
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Experiment 3

Since the degree of integration between map elements is obviously
an important factor in learning, one may look for aids which cnuld have
an effect on the ties between map schemes. One possibility is to increase
the number of associations between map elements by providing an additional
network of schematic organization of the map elements. For example, one
can accompany learning a map with reading a story which uses the map as
its background. Such a story would describe idiosyncratic relations
detween some cities or between a city and a nearby landmark, something
that cannot be seen from the map itself.

The attempt to study one single factor of a complicated task presents
a serious control problem. Reading the story and following the scenes
on the map as they are described forces the subjects to observe the map
closely and continuously, going back and forth from the map to the story.
A control group could simply be asked to lTook at the map while the
experimental group is still busy with the stories, but it would be
impossible to know what the subjects are really doing or if they are
exerting equivalent effort in processing the map, compared to the
experimental group. In this experiment I required the control group to
copy the map, thereby forcing them to continue to process the map
visually. This solution is far from perfect, of course, since copying
the map is again another level of processing. Thus, what the experiment
really compares are two different means of processing, one by drawing and

the other by constructing story propositions on top of the ordinary visual

learning of the map.
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Method

Two groups were given a map to study for about 3 minutes. In addition,
cne group was asked to copy the map on a blank sheet of paper and the
other group was asked to read two stories which have tie map as the
background of the events described (see Appendix A). Time of working on
the two tasks was equal for both groups (about 6 additional minutes).

Ten subjects served in the "stories" group and 9 subjects served in
the "copying" group. Subjects were undergraduate students at the University
of California, San Diego, whose participation in the experiment was part
of the requirements of an introductory course in Psychology.

Results and Discussion

The results of this experiment show that all three of the measures
which yielded significant differences favored the "stories" group (see
Table 3). Reading the stories while observing the map apparently made
the associations between cities and routes more powerful. It enabled
this group to answer the more difficult questions (e.g., recall of the
cities between two end points, and the realization of spatial representa-
tion of a list of ten citiec). The overall organization of map elements
by integrative processes seems to have been improved by the use of a
story.

These results fit nicely the intuitive feeling we have in reading
stories where a map is a necessary aid. We usually find that with the
story the map is better learned and better retained. Apparently, associa-

tions between map eleménts are being strengthened by the propositions

of the stories.
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Table 3__

Mean percentage of correct scores in categories of map
learning for a jroup who learned the map while reading
stories relevant to the map and for a group who learned
the map by copying it. Ih the "stories" group N = 9 and
in the“copying’ group N = 10.

Categories of Map Memory Stories Copying | Statistics
and Examples

la. Edges of the coordi- 97 92 N.S.
nate system (i.e.,
What is the most
northern city?)

1b. Orientation between 77 70 N.S.
cities (i.e., Which
city is directly
south of A?)

2a. Associations to 95 83 N.S.
nearby cities (i.e.,
Which city is .
between A and C?)

2b. Associations to near- 88 89 N.S.
by landmark (i.e.,
Which city is in
the mountains?)

Ja. Associations between 90 67 t = 2.77
cities and routes p< .05
(i.e., Name two
cities on Rt. 5)

3b. Recall of all the 75 79 N.S.
cities along a route
(i.e., Name the cities
on Rt. 7 going south)

da. Cities between end 87 67 t = 2.13
points (i.e., Name p< .05
the cities from
A to D)

4b. Recall by spatial 60 22 z = 1.69

- organization (i.e., p<.05

Repeat these ten
names. . .)




Within the recent literature about the relationship between visual
imagery and reading comprehension, some studies suggest that visual

illustrations can sometimes improve the comprehension and the memory

of a text (Lesgold, Levin, Shimron & Goottmann, 1975). Thus, maps and

stories may mutually aid one another: Reading a story may improve the

learning of a map; observing a map may improve the learning of a story.
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General Summary

The purpose of this study was to detect psychological processes
involved in learning maps. Map information seems to be organized by:

(a) general map concepts (schemes), such as highways, rivers and mountains;
(b) identifying familiar shapés and associating locations with each shape;

(c) locating shapes and schemes within the coordinates of the map; (d) en-

coding relations hich specify how the several schematic organizations are

correlated.

The results suggest that: (a) learning a map is a gradual process
whereby local connections between map elements are learned first and
overall integration of the map units is only later achieved; (b) learning
map information is facilitated if the learner can observe how map units
are simultaneously organized; (c) those who learn a map scheme-by-scheme
(e.g., the highways separately from the river and the mountains) may have
difficulties in relating one kind of schema.ic organization to another;
(d) propositional information in stories helps to organize and improve

retention of map information in memory.
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Appendix A: The Stories Used in L[xperiment J

The Lady

Janet Smith was the wholesale lady for Tamara countv. She
was responsible for the sales of the latest development in girdle
craftsmanship-- the Nogimmick computerized girdle. This girdle has a
minicomputer built into it. When a woman puts the girdle on, it camputes
which areas it needs to apply its effort. The user can control exactly
where and how much effort the girdle will exert. The new product
enjoyed a very good market, but there was same reluctance on the part
of new users to use any girdle, and same older clientele were suspicious
of an electronically controlled device.

Janet Smith lived in Sunyside, the southern city in Tamara
county. To see her sales route, look at the map. She sold the girdles
three days a week. On Monday, Smith would follow route 5 north, going
to Danville, Burkesville and Alton. This took care of the three cities
on the east. On Wednesday, she: would go north along Route 7, parallel-
ing the river, going to Forsyth, Maysville and Quincy. This took care
of the three central cities. On Friday, she would follow Interstate 11
north to Humbolt and Ramney, and then turn west to Greenfield. This

covered the last three cities.

Monday was the easiest day. The ladies in Danville, Burkesville

and Alton needed many girdles. The cities were in the courtryside, and
evidently the ladies had little exercise. Wednesday was the hardest agay,

for no one seemed interested in girdles. The cities of Forsyth, Maysville
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and Quincy were located near the river. The ladies in these cities
were very athletic, and they swam in the river during the summer and
ice skated on it during the winter. As a result, they exercised a lot
and did not really need girdles. On Friday, the job was not as easy
as on Monday, but not as difficult as on Wednesday. Humbolt was
located by the river and few girdles were needed there. Ramey was
neither on the river nor too far away. Only Greenfield, to the west,
was in the country. Indeed, many ladies in Greenfield used girdles.
Janet Smith could, of course, use other routes in her travel-
ing. She could go fram Forsyth, through Alton, to Quincy. (See the
map.) But going this way, she would have to go through the mountains
around Alton. She ocould also go fraom Maysville to Romney and Greenfield,
but the bridge between Maysville and Romney was often flooded during
rainy days. The bridge between Humbolt and Romney was much safer.
Smith always reserved motel roams in the three end cities.
Thus, on Monday, she reserved a roam in Alton (the city in the mountains),
on Wednesday, she reserved a roam in Quincy (the most northern city),
and on Friday she reserved a roam in Greenfield (the most western city).

She did this in case the weather turned out to be stormy and it would

not be safe to return hame in the night time.

o
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The Sociology Project

Jacob and Sophie, seniors majoring in Sociology, were doing a
project administering a questionnaire to the directors of the Unemploy-
ment offices in the cities of Tamara county. Their goal was to observe
the distribution or unemploymenc. More specifically, they wanted to
discover if there was any correlation between the kind of industry
each city had and the rate of unemployment. Look at the map of Tamara
county. A wide river flows fram north to south in the western part of
the county. This river provided a cheap means of transportation for
the county and the four cities along it: Quincy, Maysville, Forsyth and
Hunbolt. These four cities developed a heavy industry based on coal and
metals which they received by river from neighboring counties. The
cities on the east side of the county-Burkesville, Danville and Sunyside--
were not able to use the river, had to be satisfied with the less heavy
industry such as the production of kitchen appliances, and office equip~
ment.

Alton was the only city in the county in the mountains. Alton
became a tourist center. 1In the winter, people came to ski. During the
summer, people came to hike and picnic. Most of the people in the city'
were involved in the tourist industry. To the west of the river was
Romey and Greenfield. Ramey was a trade center. It was located on
the main highway and lad many wholesale distributors that served all
Tamara county as well as other neighboring areas. Greenfield was a

small town: 1its basic product was agriculture.
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when Jacob and Sophie planned their project, they wondered what
would be the most efficient way to cover the county. Since they came
fram the south, the first city they would reach was Sunyside. One
proposal was to deal first with the eastern cities--Sunyside, Danville,

Burkesville and Alton--on their first day, to visit the river cities--

Quincy, Maysville, Forsyth and Humbolt-—on their second day, and to con-

clude with Romey and Greenfield on their third day.

Their second proposal was to visit che southern cities—-Sunyside
Danville, Burkesville and Forsyth--on their first day, to visit the
northern part of the county--Alton, Quincy and Maysville--on their
second day, and to conclude with the cities along Interstate 11--

Ramey, Greenfield and Humbolt--on the last day.




Distribution List

Navy

4 Dr. Marshall J. Farr, Director

Personnel and Training Research Programs

Office of Naval Resecarch (Code 458)
Arlington, VA 22217

ONR Branch Office

495 Summer Street

Boston, MA 02210

ATTN: Research Psychologist

ONR Branch Office

1030 East Green Street
Pasadena, CA 91101
ATTN: E.E. Gloye

ONR Branch Office
536 South Clark Street
Chicago, IL 60605

Office of Naval Research
Area Office

207 West 24th Street
New York, NY 10011

Director

Naval Research Laboratory
Code 2627

Washington, DC 20390

Defense Docurentation Center
Cameron Station, Building 5
5010 Duke Street

Alexandria, VA 22314

1 Special Assistant for Manpower
OASN (M&RA)
Pentagon, Room 4E79/
Washington, DC 20350

1 LCDR Charles J. Theisen, Jr., MSC, USN
40,

Naval Air Development GCenter
Warminster, PA 1897,

1 Chief of Naval Reserve
Code 3055
New Orleans, LA 70146

1 Chairman

Behavioral Science Department

Naval Command & Management Division
U.S. Naval Academy

Luce Hell

Annapolis, MD 21402

Chief of Naval Education & Training
Naval Air Station

Pensacola, FL 32508

ATTN: CAPT Bruce Stone, USN

Navy Personnel Research ang

Development Center
Code 9041

San Diego, CaA 92152
ATTN: Dr. J. D. Fletcher

Dr. Lee Miller

Naval Air Systems Command
ATR-413E

Washington, DC 20361

Commanding Officer
UsS. Naval Amphibious School
Coronado, CA 92155

1 Mr. Arnold Rubinstein

Naval Material Command (NAVMAT 03/2/)
Room 820, Crystal Plaza #6
Washington, DC 20360

Commanding Officer

Naval Medical Neuropsychiatric
Research Unit

San Diego, CA 92152

Director, Navy Occupatisnal Task
Analysis Program (NOTAP)

Navy Personnel Program Support
Activity

Building 1304, Bolling AFB

Washington, DC 20336

Dr. Richard J. Niehaus

Office of Civilian Manpower Management
Code 06A

Washington, DC 20390




Department of the Navy

Office of Civilian Manpower Management

Code 263
Washington, DC 20390

Chief of Naval Operations (OP-987E)
Department of the Navy
Washington, DC 20350

Superintendent

Naval Postgraduate School
Monterey, CA 93940
ATTN: Library (Code 2124)

Commander, Navy Recruiting Command
4015 Wilson Boulevard

Arlington, VA 22203

ATTN: Code 015

Mr. George N. Graine

Naval Ship Systems Command
SHIPS 047C12

Washington, DC 20362

Chief of Naval Technical Training
Naval Air Station Memphis (75)
Millington, TN 38054

ATTN: Dr. Norman J. Kerr

Commanding Officer
Service School Command
U.S. Naval Training Center
San Diego, CA 92133
ATTN: Cecde 3030

Dr. William L. Maloy
Principal Civilian Advisor
for Education & Training
Naval Training Command, Cods 0lA
Pensacola, FL 32508

Dr. Alfred F. Smode, Staff Consultant
Training Analysis & Evaluation Group
Naval Training Ecuipment Center

Code N-0OT

Orlando, FL 32813

Dr. Hanns H. Wolff

Technical Director (Code N-2)
Naval Training Equipment Center
Orlando, FL 32813

1 LCDR C. F. Logan, USN

1 D. M. Gragg, CAPT, MC, USN

Bethesda, MD 20014,

Army

1 Headquarters

Chief of Naval Trainin Support
Code N-21

Building 45

Naval Air Station

Pensacola, FL 32508

Dr. Robert French
Naval Undersecsa Center
San Diego, CA 92132

F-14 Menagement System
COMFITAEWWINGPAG
Nas Miramar, Cal. 92145

Navy Personnel R&D Center
San Diego, CA 92152

Navy Personnel R&D Center
San Diego, CA 92152
ATTN: Code 10

Head, Educational Program
5D
Department = SR

Naval Health Sciences Education ang

Training Command

U.S. Army Administration Center

Personnel Administration Combat
Development Activity

ATCP-HRO

Ft. Benjamin Harrison, I 46249

Armed Forces Staff College
Norfolk, VA 23511
ATTN: Library

Director of Research

U.Se Army Armor Human Research Unit
Building 2422 Morade Street

Fort Knox, KY 40121

ATTN: Library

Commandant

United States Army Infantry School
ATTN: ATSH-DET

Fort Benning, Ga 31905

s S e R S W ew e aw e




Deputy Commander Air Force

U.S. Army Institute of Administration

Fort Benjamin Harrison, IN 46216 1 Research Branch

ATTN: EA

Dr. Frank J. Harris

U.S. Army Research Institute
1300 Wilson Boulevard
Arlington, VA 22209

Dr. Ralph Dusek

U.S5. Army Research Institute
1300 Wilson Boulevard
#lington, VA 22209

Mr. Edmund F. Fuchs

U.S5. Army Research Institute
1300 Wilson Boulevard
Arlington, VA

Dr. Leon H. Nawrocki

U.S5. Army Research Institute
1300 Wilson Boulevard
Arlington, VA 22209

Dr. J.E. Uhlaner, Technical Director
U.S. Army Research Institute

1300 Wilson Boulevard

Arlington, VA 22209

Dr. Joceph Ward

U.S. Army Research Institute
1300 Wilson Boulevard
Arlington, VA 22209

HQ USAREUR & 7th Army
ODCSOPS

USAREUR Director of GED
APO New York 09403

AF/DPMYAR
Randolph AFB, TX 78148

1 Dr. G.A. Eckstrand (AFHRL/AS)

Wright-Patterson AFB
Ohio 45433

Dr. Ross L. Morgan (AFHRL/AST)
Wright-Patterson AFB
Ohio 45433

AFHRL/DOJN
Stop #63
Lackland AFB, TX 78236

Jr. Martin Rockway (AFHRL/TT)
Lowry AFB
Cclerado 80230

Major P.J. Deleo
Instructional Technology Branch

AF human Resources Laboratory
Lowry AFB, CO 80230

AFOSR/NL
1400 Wilson Boulevard
Arlington, VA 22209

Commandant

USAF School of Lerospace Medicine
Aeromedical Library (SUL—A)
Brooks AFB, TX 178235

Dr. Sylvia R. Mayer (MCIT)

Headquarters Flectronic Systems Divisionill

IG Hanscom Field
Bedford, MA 01730

CAPT Jack Thorpe, USAF
Flying Training Division (HRL)
Williams AFB, AZ 8522

AFHRL/PE
Stop 63
Lackland AFB, TX TE236




Marine Corps

1 Mr. E.A. Dover
Manpower Mcasurement Unit (Code MPI)
Arlington Annex, Room 2413
Arlington, VA 20380

Commandant of the Marine Corps
Headquarters, U.S. Marine Corps
Code MPI-20

Washington, DC 20380

Director, Office of Manpower Utilizatic
Headquarters, Marine Corps (Code MPU)
MCB ?Building 2009)

Quantico, VA 22134

Dr. A.L. Slafkosky

Scientific Advisor (Code RD-1)
Headquarters, U.S. Marine Corps
Washington, DC 20380

Chief, Academic Department

Education Center

Marine Corps Development and
Education Command

Marine Corps Base

Quantico. VA 2213k

Coast Guard

1 Mr. Joseph J. Cowan, Chief
Psychological Research Branch (G-P-1/62
U.S. Coast Guard Headquarters
Washington, DC 20590

+her DOD

1 Lu. Col. Henry L. Taylor, USAF
Military Assistant for Human Resources
OAD (E&LS) ODDR&E
Pentagon, Room 3D129
Washington, DC 20301

Mr. William J. Stormer
[0D Computer Institute
Washington Navy Yard, Building 175
Washington, DG 20374

Col. Austin W. Kitler

Advanced Research Projects Agency
Humanr Resources Research Office
1400 Wilson Boulevard

Arlington, VA 22209

Dr. Harold F. O'Neil, Jr.
Advanced Research Projects Agency
Human Resources Research Office
1400 Wilson Boulevard, Room 625
Arlington, VA 22209

Helga L. Yeich

Advanced Research Projects Agency
Manpower Management Office

1400 Wilson Boulevard

Arlington, VA 22209

Othe » Government

pl

Dr. Eric McWilliams, Program Manager
Technology and Systems, TIE
National Science Foundation
Washington, DC 20550

Dr. Andrew R. Molnar

Technological Innovations in Education
National Science Foundation
Washington, DC 20550

Dr. Marshall S. Smith

Asst Acting Director

Program on Essential Skills
National Institute of Education
Brown Bldg. Rm 815

19th and M St., N.W.
Washington, D.C. 20208

Miscellaneous

1.

Dr. Scarvia B. Anderson
Educational Testing Service
17 Executive Park Drive, N.E.
Atlanta, GA 30329

Dr. John Annett

The Open University
Milton Keynes
Buckinghamshire
ENGLAND

Dr. Gerald V. Barrett
University of Akron

‘Department of Psychology

Akron, OH 44325

Dr. Bernard M. Bass
University of Rochester
Management Research Center
Rochester, NY 14627




s e A W I W GRS R ) el el e e e s ewes e Gae

1 Dr. David G. Bowers

University of Michigan
Institute for Social Research
Ann Arbor, MI 48106/

1 Mr. Kenneth M. Bromberg
Manager - Washington Operations
Information Concepts, Inc.

1701 North Fort Myer Drive
Arlington, VA 22209

1 Dr, Ronald P. Carver

-]

School of Education

University of Missourl - Kansas City

Kansas City, Missouri 64110
Century Research Corporation
4113 Lee Highway
Arlington, VA 22207

Dr. Allan M. Collins

Bolt Beranek and Newman, Inc,
50 Moulton Street

Camtridge, MA 02138

Dr. H. Peter Dachler
University of Maryland
Department of Psychology
College Park, MD 20742

Dr. Rene' V. Dawis

University of Minnesota
Department of Psychology
Minneapolis, MN 55455

Dr. Ruth Day
Yale University

Department of Psychology
New Haven, CT 06520

ERIC

Processing and Reference Facility
4833 Rugby Avnue

Bethesda, MD 20014

Dr. Victor Fields
Montgomery College
Department of Psychology
Rockville, MD 20850

Dr. Edwin A. Fleishman

American Institutes for Research
Foxhall Square

3301 New Mexico Avenue, N.W.
Washington, DC 20016

1 Dr. Robert Glaser, Director

1

1

University of Pittsburgh

Learning Research & Development Center

Pittsburgh, PA 15213

Dr. Henry J. Hamburger
University of California
School of Social Sciences
Irvine, Ci 92664

Dr. Richard $. Hatch
Decision Systems
11428 Rockville Pike
Rockville, MD 20852

Dr. M.D. Havron

Human Sciences Research, Inc.
7710 014 Spring House Road
West Gate Industrial Park
McLean, VA 22101

HumRRO
Division No. 3
P.0. Box 5787

Presidio of Monterey, CA 93940

HumRRO
Division No. 4, Infantry
P.0. Box 20%6

Fort Benning, GA 31905

HumRRO

Division No. 5, Air Defense
P.0. Box 6057
Fort Bliss, TX

Dr. Lawrence B. Johnson

Lawrence Johnson & Associates, Inc.

200 S. Street, N.W., Suite 502
Washington, DC 20009

Dr. Arnold F. Kanarick
Honeywell Inc.

2600 Ridge Parkway
Minneapolis, Minn. 55413

Dr. Milton S. Katz
MITRE Corporation

Westgate Research Center
McLean, VA& 22101

Dr. Roger A. Kaufman

United States International Univ.

Graduate School of Leadership and
Human Behavior

Elliott Campus

8655 E. Pmerada Road

San Diego, CA 92124

Associates, Inc.

R




SN

1 Dr. Steven W. Keele
b University of Oregon
» Department of Psychology
; Eugene, OR 97403

1 Dr. David Klahr
Carnegie-Mellon University
Department of Psychology
Pittsburgh, PA 15213

1 LCol CRJ Lafleur, Director

i FPersonnel Applied Research
| National Defence HQ

Ottawa, Canada KlA OK 2

1 Dr. Alma E. Lantz
University of Denver
Denver Research Institute
{ Industrial Economics Division
Denver, CO 80210

: 1 Dr. Robert R. Mackie

| Human Factors Research, Inc.
€780 Cortona Drive

Santa Barbara Research Park
Goleta, CA 93017

1 Mr. Brian McNally
Ejucational Testing Service
Princeton, NJ 08540

1 Mr. A. J. Pesch, President
Eclectech Associates, Inc.
P.0. Box 178
North Stonington, CT  0€359

1 Mr. Luigi Petrullo
2431 North Edgewood Street
Arling¥on, VA 22207

1 Dr. Joseph W. Rigney
University of Southern California
Behavioral Technology Laboratories
3717 South Grand
Los Angeles, CA 90007

1 Dr. Leonard L. Rosenbaum, Chairman
Montgomery College
Department of Psychology
Rockville, MD 20850

1 Dr. George E. Rowland
Rowland and Company, Inc.
P.0. Box 61
Haddonfield, NJ 08033

1 Dr. Arthur I. Siegel
Applied Psychological Services
404 East Lancaster Avenue
Wayne, PA 19087

1

Dr. Richard Snow
Stanford University

School of Education
Stanford, cA Q4305

Dr. C. Harold Stone
1/28 Virginia Avenue
Glendale, cA 91202

Mr. Dennis J. Sullivan
725 Benson Way
Thousand Oaks, cp 91340

Dr. Benton J. Underwood

Northwestern University

Department of Psychology
Evanston, I. 60201

Carl R, Vest, Ph.pD,
Battelle

Memorial Institute
Washington Operations
2030 - M Street, N.w.
Washington, D.C. 20036

Dr. Robert Vineber

g
BumRRo Western Division
27857 Berwick Drive
Carmel, CA 93921

Dr. Davig J. Weiss
University of Minnesota
Department of Psychology
Minneapolis, MN 55455

Dr. Anite West

Denver Research Institute
University of Denver
Denver, co 80210

Dr. Kenneth y. Wexler
University of California
School of Social Sciences
Irvine, cp 9266,




