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ABSTRACT 

This study was designed to examine the development 

of space conceptualization in elementary school age chil

dren by exploring the following questions: (1) At what 

approximate age is a child able to use a simple aerial 

photograph map for navigational purposes? (2) Is there any 

relationship between the development of the conceptual 

abilities necessary to use an iconic map as a navigational 

aid and the gender of a child? (3) Is there any relation

ship between a child's success or failure in using an 

iconix: map for navigation and his or her academic achieve

ment as measured by various standard testing instruments? 

One hundred ten children, ages five through eleven 

years, were randomly selected from the populations of two 

Tucson, Arizona, Elementary Schools for participation in 

this study. Data were collected for this study in two 

phases. During Phase One, the subjects were given color 

aerial photographs of their schools and school neighbor

hoods. They were familiarized with the photographs, and 

then asked to walk to two destination points which had been 

indicated by markings on the surfaces of the photographs \ 

Each subject was accompanied as he or she attempted to find 

and identify the two indicated locations. Subjects were 

scored as successful with the map task if they were able 

ix 
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to reach and correctly identify both of the indicated 

locations -

Of the one hundred ten subjects attempting the map 

task, fifty-two were able to find and identify both 

destinations. Of these, twenty-nine were male and twenty-

three were female. Zero per cent of the five year olds, 

twenty per cent of the six year olds, fifteen per cent of 

the seven year olds, thirty-five per cent of the eight year 

olds, eighty per cent of the ten year olds, and ninety per 

cent of the eleven year olds were successful. 

Statistical analysis of these data, via the chi-

square statistic, revealed that gender had not been sig

nificantly related to the subjects' success or failure 

rates, but that age had displayed significant relationship 

to these rates. Further analysis of the relationship of 

age to success with the map task indicated that the 

greatest significant change for a single pair of adjacent 

age groups occurred between the ages of eight and nine 

years. 

Phase Two of the study consisted of acquiring the 

standardized achievement test scores for each subject who 

had attempted the map task. Scores were available for 

eight standardized tests, two each in the four following 

areas: general non-verbal ability, general verbal 

ability, reading achievement, and mathematics achievement. 

By comparing the subjects' achievement scores in these 



areas with their success and failure rates at the map task, 

it was determined that both general non-verbal ability and 

general verbal ability were significantly related to the 

map task. 

The following conclusions were drawn on the basis 

of the statistical analyses performed: 

Chronological age is an important factor in the 

development of space conceptualization ability. Older 

children scored significantly better on the map task than 

did younger children, with the ages of eight and nine dis

playing the greatest single year change in performance. 

Gender is not a significant factor in the develop

ment of space conceptualization. 

Standardized test scores in the areas of general 

non-verbal and general verbal ability measure cognitive. 

development similar or related to the cognitive development 

of space conceptualization, while standardized tests of 

reading and mathematics achievement measure abilities not 

related to space conceptualization. 



CHAPTER I 

THE PROBLEMS AND HYPOTHESIS 

Introduction 

The teaching of map use skills is a standard 

element of all elementary school social studies curricula. 

While the developers of these curricula have directed a 

great deal of attention to instilling in children a de

scriptive knowledge of maps, very little attention has been 

aimed at helping children integrate this knowledge into a 

purposeful understanding of how and when to use maps. 

Maps are tools designed to help people better con-, 

ceptualize space. They can be designed to report physical 

properties such as geographic features, geological condi

tions, natural resource concentrations, or transportation 

routes. They can express invisible features such as 

climatological patterns or flight paths, and they can even 

add definition to abstract principles such as political 

boundaries. 

Depending upon the desired use, maps may range in 

complexity from simple sketches of single places of habita

tion to highly complex Mercator and azimuthal equal-area 

projections of most or even all of the earth's surface; 

1 
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For any map to be useful, it must be readable^. Al

though complexity, design, and projection can make any map 

unreadable to certain audiences, every map requires the 

perceptual and conceptual involvement of its user. Even 

the simplest iconic or facsimile"'' style map must be 

interpreted. Two dimensional renderings must be asso

ciated with the larger three dimensional objects they 

represent and the user must rotate his or her visual per

spective from the ground base,' which may be totally 

foreign in terms of that individual1s experiences. 

Symbol interpretation is the first step toward 

using a map. It must not, however, be confused with the 

actual use of a map to increase one's knowledge of a 

specific space. To accomplish this, one must be capable of 

conceptualizing space. Space conceptualization requires 

the association of objects into a permanent spatial rela

tionship, Things must be where they belong. They must be 

a fixed distance from each other, and they must always be 

in fixed directions from a specific marker or point. 

Cardinal directions and traditional linear measures may be 

associated with these relationships, but it is the rela

tionships that are primary; any imposed scales are 

secondary and for convenience only. 

1. A picture or portrait map which represents a 
certain area by virtue of resemblance to it, and which 
contains no non-self-defining meanings. 



3 

As maps become more abstract and details more 

symbolic, special hieroglyphic and linguistic symbols must 

be employed to decode representative figures. These 

systems increase the difficulty of reading a given map, 

which in turn may affect one's ability to make use of the 

information contained on that map. Iconic or facsimile 

maps are simpler maps only in that they simplify the reading 

of their symbols. Using these simpler maps to gain in

formation about an environment still requires a concep

tualization of space. The absence of this ability, or in 

its parts, the absence of the ability -to deal with 

direction or distance, makes the use of a map a most 

frustrating experience. The cognitive skills involved in 

reading and using a map are so interrelated that the 

absence of any single skill makes the entire act meaning

less . 

Purpose 

The purpose of this study was to explore the 

development of space conceptualization within a selected 

sample of elementary school age children. The study in

volved having one hundred ten children, ages five through 

eleven years, attempt to use a color aerial photograph map 

of their school and school neighborhood to walk to and 

identify two destination points in the neighborhood 

surrounding their elementary school. Success, or lack of 
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success, in reaching the designated destinations was re

corded for each subject, and analysis was performed to 

distinguish the characteristic differences which existed 

between those subjects who possessed the development 

necessary to accomplish the map task and those who did not! 

Many recently completed studies have sought to 

assess the ability of children to read iconic map symbols. 

All have shown iconic map symbols to be easily interpreted 

by even school-entering age children. However, none of 

these studies have attempted to relate this ability for 

iconic interpretation with the more complex task of using 

a map as a tool to gain environmental knowledge. 

This study was such an attempt. It examined space 

conceptualization in elementary school children by in

volving them first-hand in an assessable navigational 

activity. An activity which required them to use easily 

interpreted iconic maps to fill in the environmental 

details and to establish the sense of distance and the 

sense of direction necessary to actually use a map for 

some spatial purpose. 

Statement of the Problem 

This investigation sought to answer the following 

questions: (1) At what approximate age is a child able to 

use a simple aerial photograph map for navigational 

purposes? (2) Is there any relationship between the 
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development of the conceptual abilities necessary to use an 

iconic map as a navigational aid and the gender of a child? 

(3) Is there any relationship between a child's success or 

failure in using an iconic map for navigation and his or 

her academic achievement as measured by various standard 

testing instruments? 

Significance of the Study 

Many adults become anxious when faced with having 

to use a map. One obvious reason for this discomfort is a 

lack of self-confidence in their ability to properly align 

themselves in relation to their map and immediate sur

roundings, and then to correctly interpret the information 

contained on the map with regard to their needs. 

Some of this discomfort could no doubt be alleviated 

through relevant map activities during childhood. At 

present only a few packaged social studies kits such as 

Science Research Associates' Map and Globe Skills (Naslund 

and Brown, 1964), National Geographic's Exploring the World 

of Maps (1973), and the National Institute of Education's 

Man; A Course of Study (1970) provide detailed map inter

pretation activities for children. Most elementary school 

text book series provide only nominal map activities for 

the primary child, usually beginning by introducing chil

dren to the globe, and then dividing the world into smaller 

conceptual units. One series,--.Sadlier Social Science 



Program (McAulay et al., 1971), takes first graders from 

the globe to nations and states; while another, Man in a 

World of Change (Rapparlier, McCall, and Stanek, 1971), 

takes them to continents and oceans; and still another, 

Field Social Studies Program (Grossmann and Michaelis; 

1970), teaches kindergardeners concepts such as the 

equator and deserts. At least one series, Our Family of 

Man (Moss et al., 1972), simply ignores map skills until 

the third grade, while The Laidlaw Social Science Program 

(King, Bracken, and Sloan, 1972) introduces small scale 

iconic maps to kindergardeners but then provides no 

additional map activities until large scale linguistic 

maps are introduced at the third grade level. 

During the last few years, the United States Office 

of Education has funded a major project Place Perception 

Research Reports which had as its purpose the investigation 

of place learning. This series of research studies has 

produced some definitive statements regarding children and 

maps. Two studies (Blaut, 1969; Muir, 1970) have shown 

that map interpretation activities can begin on simple 

iconic maps in the first grade or earlier. In the Blaut 

(1969) study, it was found that first grade children could 

identify the geographical features displayed on aerial 

photographs, could prepare traced maps from the photo

graphs, and could simulate navigational problems on the 

tracings. In a follow-up study, Muir (JL970) further 
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determined that six year-olds could generate their own 

iconic maps and could draw them for a specific purpose. 

Unfortunately, all of the research carried on by 

the "Place Perception Research Group" concerned itself with 

the interpretation of symbols rather than the conceptual

ization of space. Of those researchers who have attempted 

to assess the spatial conceptualization of children, most 

have relied on Piaget's Three Mountain Task (Piaget and 

Inhelder, 1967) or Towler's (1970) modification thereof. 

In these tasks the subject is shown a model scene 

with a given arrangement of objects. The subject is then 

asked to either reconstruct or draw the model from a view

point other than the child's own. A doll is held in one of 

the other three positions around the scene to indicate the 

perspective from which the child is to recreate the scene. 

This task is intended to indicate egocentricity in children 

by determining if they can assume a point of view other 

than their own: "The ability to conceptualize the spatial 

relations represented on a map refers to an understanding 

that each position on a map is spacially related to all 

other positions simultaneously" (Cobb and Stoltman., 1973, 

p. 2) . 

Although these research designs are effective for 

studying egocentricity as it applies to space perception, 

they are still once removed from the experiences and 

interests of most young children. These studies have not 
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dealt with cognitive development as it applies to the 

acquisition of the skills needed to use a map to gain 

knowledge of a real and specific region. 

This study was designed with such relevance in mind. 

It has posed to children a problem through which they could 

display their acceptance of abstract symbols and their 

abilities to alternate their visual perspective, ratio 

distances, and conserve direction in an aerial photograph 

assisted navigational activity. The success or failure of 

various aged children have been examined and used to deter

mine within this sample the approximate ages for the 

development of these abilities. These findings have also 

helped to assess the roles which scholastic achievement and 

gender play in determining the presence or absence of the 

development necessary to use iconic maps to gain environ

mental knowledge. 

Hypotheses to be Investigated 

Based on the statement of the problem, six null 

hypotheses were formulated to provide direction for this 

study. The null hypotheses are as follows: 

Hypothesis 1 

There is no significant relationship between 

children's chronological ages and their ability to use an 

aerial photograph map of their school neighborhood in a 

navigational activity, 
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Hypothesis 2 

There is no significant relationship between 

children's gender and their ability to use an aerial 

photograph map of their school neighborhood in a naviga

tional activity. 

Hypothesis 3 

There is no significant relationship between 

children's general non-verbal ability as determined by 

standardized test scores and their ability to use an aerial 

photograph map of their school neighborhood in a naviga

tional activity. 

Hypothesis 4 

There is no significant relationship between 

children's general verbal ability as determined by 

standardized test scores and their ability to use an aerial 

photograph map of their school neighborhood in a naviga

tional activity. 

Hypothesis 5 

There is no significant relationship between 

children's reading achievement as determined by standardized 

test scores and their ability to use an aerial photograph 

map of their school neighborhood in a navigational 

activity. 



Hypothesis 6 

There is no significant relationship between 

children's mathematics achievement as determined by 

standardized test scores and their ability to use an aerial 

photograph map of their school neighborhood in a naviga

tional activity. 

Definition of Terms 

For the purpose of this study, the following 

definitions will be used: 

1. Map. A representation of the features of an area 

of ground, a portion of the heavens, etc., showing 

them in their correct forms, sizes, and relation

ships according to some convention. 

2. Iconic map (or facsimile map). A picture or 

portrait map which represents a certain area by 

virtue of its resemblance to it, and which contains 

no non-self-defining meanings. 

3. Linguistic map, A non-iconic map the interpreta

tion of which requires the use of a legend or 

dictionary, 

4. Cartographic map. An iconic or linguistic map. 

5. Map interpretation. The act of associating real 

world phenomenal features with the symbols of a 

map. 



6. Navigation, The act of plotting and controlling a 

course of movement through space. 

7. School neighborhood. The local community including 

and immediately surrounding a given school. 

8. Relative distance. A personal sense of distance 

established through physical experience within a 

space, as opposed to one established through some 

arbitrary convention. 

9. Relative direction. A personal sense of direction 

established through physical experience within a 

space, as opposed to one established through some 

arbitrary convention. 

10. Cognitive mapping. The act of mentally knowing an 

area or region in some degree of detail. 

Assumptions 

Based upon a pilot study conducted during April of 

1976 at Miles Exploratory Learning Center, Tucson School 

District One, the following assumptions were made regarding 

the conduct of the study: 

1. Relative directions on an iconic map can be 

determined by comparing one's physical environment 

to the complementary arrangement of icons on that 

map without the use of a legend and in a manner 

independent of the cardinal or ordinal direction 

systems traditionally included on formal maps. 
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2. Relative distances on an iconic map can be deter

mined by comparing one's physical environment to 

complementary arrangement of icons on that map 

without the use of a legend and in a manner in

dependent of the linear measurement systems tradi

tionally included on formal maps. 

Limitations 

This study was conducted under the following limi

tations : 

1. The size of the sample and the procedures employed 

for selecting it limited the conclusions drawn from 

this investigation, 

2. The number of destination points (two per child) 

was so small that some children may have been 

familiar enough with their destinations that they 

did not need to use the map in order to plot and 

follow a course of movement to those points. 

3. The amount of time spent familiarizing each child 

with the aerial photograph and its symbols was 

limited to five minutes, 

4. Although the resolution on the aerial photographs 

used was high, it was still less than perfect, and 

may have limited their readability, 

5. Defective eyesight may have had an adverse affect 

on some children's chances for success. 
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Summary 

At present very little is known regarding the 

ability of children to conceptualize space. This study 

was designed to explore the development of space concep

tualization within a selected sample of elementary school 

age children. It involved having one hundred ten children, 

ages five through eleven years, attempt to use a simple 

iconic map in a navigational activity. Subjects per

formance during the task was recorded and analysis was 

performed to establish characteristic differences in the 

areas of age, gender, and academic achievement between 

those subjects who possessed the development necessary to 

accomplish the map task and those who did not. 

This study was highly limited by sample size and 

sample selection, but the findings should provide a 

starting point for future studies of cognitive development 

as it relates to map use. 



CHAPTER II 

REVIEW OF RELATED LITERATURE 

If the major purpose of teaching is to stimulate 

learning, then the strategies employed in teaching must 

conform to the learning process. The problem when teaching 

map skills is that very little is known about their acquisi

tion. The purpose of this study was to learn more about 

the development of map skills, and the purpose of this 

chapter is to review what is currently known about the 

ability of children to use maps. 

Cognitive Maps 

Defined psychologically, place learning involves 

the cognitive organization of concrete objects into spatial 

relationships (Woodworth, 1958, p. 307), This organization 

of objects is referred to as a cognitive map (Tolinan, 194 8) . 

How this organization is assembled by an individual is not 

yet understood; however, several methods are available for 

displaying whether or not this organization has taken place. 

Tolman first examined cognitive mapping in rats in 

1948. Tolman's experiments with operant conditioning sug

gested the possibility of independent route learning by 

rats. Tolman's most convincing arguments are contained in 

his latent learning experiments. In these he reports that 

14 
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rats, which were neither hungry nor thirsty, were run 

through a simple Y-maze that had food in one of its goal 

boxes and water in the other. The animals were then 

separated into two groups and one group was left to become 

thirsty while the other was left to become hungry. When 

Tolman repeated the maze run under these new conditions it 

was found that on first tries the thirsty group went to the 

water station statistically more frequently than to the 

food station, and the hungry rats went to the food station 

statistically more frequently than to the water station. 

Tolman was convinced that there was more happening in these 

experiments than operant conditioning alone could explain. 

He concluded that the rats had acquired a cognitive map of 

the maze during their initial experiences with it. This 

cognitive map apparently held information regarding the 

direction of the food or the water. This map was apparently 

formed without the stimulus/response propensities requisite 

for operant conditioned behavior. 

Recent research at Johns Hopkins University by 

01ton (1977) has expanded considerably upon the findings of 

Tolman. In his work, 01ton has studied the spatial memory 

patterns of laboratory rats as they traveled multi-arm 

spatial mazes, 

Olton's tests consisted of using eight and seventeen 

arm spatial mazes with food pellets located at the end of 

each arm. He observed the patterns of movement followed by 
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the rats as they proceeded to the end of each arm to obtain 

the food pellets. He concluded from this study that the 

rats had constructed a cognitive map of the mazes, and that 

they used these maps to minimize their movements while 

maximizing their acquisition of food pellets. 

Through psychosurgery techniques, he further 

determined that the cognitive mapping process was localized 

in the hippo campus region of the brain. When this section 

was caused to be dysfunctional, other systems of environ

mental cueing and memory could be effectively substituted 

to effect spatial movement, but these systems were 

dependent upon non-spatial stimuli and were not converted 

to spatial memory. 

With humans, the picture is less clear. Blaut and 

Stea (1969, p. 7) define the process of cognitive mapping 

as the "set of operations designed to code environmental 

information and subsequently decode it for spacial.be-

havior." 

An individual's cognitive map of a given space is 

usually displayed through sketch maps of that area 

(Asmussen, 19711. In this activity, a person is asked to 

draw a map of an area or route and to include a certain 

amount of environmental detail. The finished product is 

considered a representation of that individual's knowledge 

of the area indicated. Errors and gaps in the individual's 

perception become apparent and classifiable. This 



technique, although effective with adults and older 

children is inappropriate where infants are to be studied. 

With infants, play can be successfully evaluated to deter

mine the correctness and complexity of the individual's 

cognitive map (Blaut, 1969) . 

Blaut and Stea (1969) theorize that cognitive 

mapping is the natural means through which people bring 

order to their environment. These cognitive maps, like 

the ones built by Tolman's rats, are constructed primarily 

through experiences. "The young child, for example, con

structs a play region in the sand box and comes in contact 

with direct visual and tactile relationships" (Blaut and 

Stea, 1969, p. 7). 

The role of cartographic maps, it appears, is to 

supplement cognitive maps (Pick, 1972). The cartographic 

map can fill in missing environmental details, correct 

misperceived details, and extend the cognitive map beyond 

the limits explorable by experience alone. This potential 

must be understood by the individual before a cartographic 

map can be purposefully implemented. Just to decode a 

cartographic map requires the user to possess the ability 

to accept reduced and abstracted images of physical 

phenomena, and the ability to change his or her visual 

perspective. But if the map is to be used to actually 

supplement a cognitive map, then the user must also possess 

a sense of relative direction, the ability to ratio 
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distances, and the ability to coordinate the map with his 

or her physical surroundings. 

Map Interpretation 

The most comprehensive and in-depth examinations 

into the map interpretation skills of children began in the 

late 1960's under a grant to Clark University from the 

United States Office of Education. The studies carried on 

under this grant by Clark's Place Perception Research Group 

have shown that school-entering age children can accept 

abstract representations of real world features, and can 

adequately rotate their visual perspective so as to deal with 

aerial images of phenomena which they directly view only 

from the ground. 

As part of the Place Perception Research Group, 

J. M. Blaut and David Stea compared the abilities of 

primary school children in Worcester> Massachusetts, and 

Rio Piedras, Puerto Rico, when given the task of identi

fying features on aerial photographs of the communities 

they live in. Fifty-eight of the sixty Worcester children 

tested were able to identify at least two different 

features on the aerial photographs, with the mean number 

of correct identifications per child falling at 5.8, All 

twenty of the Rio Piedras children tested were able to 

identify at least two features, and their mean number of 

correct identifications was 6.1. 
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Also working with the Place Perception Research 

Group, Muir (1970) conducted a related study with 

Worcester, Massachusetts, children in which she had nine

teen first graders prepare sketched maps by tracing the 

features of an aerial photograph. She then had her sub

jects conduct simulated navigations on the tracings. She 

determined that all nineteen of her subjects were able to 

accurately name and point to features on an aerial photo

graph, while sixteen of them were able to simulate naviga

tions on their trace maps. 

In separate research, Pick (1972) examined the 

ability of preschool children to orient an overhead photo

graph of a model play village with the model village 

itself. Pick was intent upon de-emphasizing what might be 

remembered about a spatial layout and emphasizing instead 

the direct perception of space by children. He observed 

from his research that the overhead photographic view of 

the village was very easy for both map naive and map expe

rienced children to orient to the village itself. Pick 

also noted that map naive children made significantly more 

errors when identifying features on the photograph than map 

experienced children, but that the disparity between the 

two groups could be eliminated through instruction. 
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Space Conceptualization 

The fact that maps can be easily interpreted by 

even very young children has been well established and 

frequently reported (Blaut and Stea, 1969; Hart and Moore, 

1971; Blaut, 1971). What has not been well defined, how

ever, is the development of skills related to space con

ceptualization. Identifying features on a map is only one 

step toward using a map to gain useful knowledge of a 

specific area (Kohn et al., 1953). To actually use a map 

for some spatially significant purpose requires that the 

user be able to relate the symbols and places on a map to 

their counterparts in the real world, and then to orient 

the map, note directions, and compute the distances implied 

by the map (Kohn et al., 1953; Shimron, 1975; Brown et al,, 

1970). 

Unfortunately, most of the research which has been 

completed in the realm of space conceptualization has been 

peripheral to the actual use of a map to spatially orient 

oneself for some purpose. Most prominent among space con

ceptualization studies are those which examine the ability 

of school age children to assume a visual perspective other 

than their own (Piaget and Inhelder, 1967; Cobb and 

Stoltman, 1973; Towler, 1970). The most recent of these 

studies, Perceptive Ability and Map Conceptualization by 

Cobb and Stoltman (.1973), employed Towler's (1970) 



modification of Piaget and Inhelder's (1967) Three Mountain 

Task with 104 kindergarten through sixth grade children. 

This task assesses egocentricity by having a child 

view a simple spatial layout and then attempt to replicate 

it from the point of view of a doll held in various posi

tions around the display. Drawings produced by the Cobb 

and Stoltman subjects indicated that map conceptualization 

develops gradually beginning at roughly age seven and con

tinuing through time until full development is displayed 

somewhere between age nine and age twelve. This finding 

is fundamentally consistent with the earlier findings of 

Towler (1970) and Piaget and Inhelder (1967). 

Cobb and Stoltman (1973) also determined in their 

study that although socioeconomic status and gender did 

not affect a subject's ability to conceptualize the map, 

race did. The black subjects in this study showed sig

nificant developmental lags in their ability to con

ceptualize spatial relationships on a map. Interestingly, 

Towler (1970), who first modified the task which Cobb and 

Stoltman (1973) employed, found that age, intelligence, 

and socioeconomic status were significant as variables, 

but that socioeconomic status was negated when cross 

referenced with intelligence. In addition, Towler found 

no indication that urban or rural environments influenced 

a subject's ability to conceptualize a map. 



22 

Although these findings are interesting, they are 

based upon research which is once removed from the expe

riences and interests of most young children. To date, 

Pick (1972) has probably come closest to examining total 

map conceptualization among young children. His studies 

regarding how children orient themselves in a familiar 

space showed 76 per cent of the five year olds tested being 

able to correctly arrange fourteen objects in a drawing of 

their home. He also found that about one-third of the four 

year olds tested could orient themselves to a flannel board 

map of their classroom and could use it to follow routes 

through that room. 

Taken at face value, the work of Pick appears 

directly contradictory of the more laboratory style pro

cedures employed in map conceptualization studies. Un

fortunately, Pick's results may be unintentionally mis

leading in this regard. Although Pick's research involved 

relating two-dimensional representations of space to a 

physical environment, it did not require orientation for 

direction or computation of distance. He used an environ

ment in which every possible destination and every possible 

route were already known to the subjects. His findings 

showed conclusively that under these conditions, very 

young children can successfully use maps for route selec

tion and that such activities constitute appropriate map 

experiences for primary grade children. However, since 
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his tasks did not involve using a map for spatial orienta

tion, they.are not necessarily indicative of spatial con

ceptualization. 

Similarly, the work of Piaget, Towler, and Cobb 

and Stoltman which did require spatial orientation and did 

also include perception of direction, ignored (by design) 

distance. Since Kohn, Shimron, and Brown all include 

distance as one of the key factors to space conceptualiza

tion, further research is obviously indicated which in

volves all these factors simultaneously in one activity. 

Summary 

In 1970, Towler pointed out that the map programs 

being used in the schools have no basis in research. He 

went on to state that the map activities which have been 

developed for elementary school children are the result of 

little more than good intentions and suppositions, and 

that mass confusion surrounds even the question of when to 

begin using maps. This fact is particularly disheartening 

in view of the recent studies by Pick (1972) and Shimron 

(1975), which both concluded that cognitive development was 

a more important factor in determining how children are 

able to use maps than were either the quantity or the 

quality of teaching which took place about maps. 

Several recent studies, including those of 

Towler, Pick, and Shimron, have contributed significantly 



to the body of information regarding the ability of 

children to interpret and conceptualize maps. However, 

displaying that children can read maps and can concep

tualize maps does not tell us if they can use those maps 

for any specially significant purposes. It is to that 

question that this research has been directed. 



CHAPTER III 

PROCEDURES 

This study was concerned with the cognitive develop

ment of space conceptualization. The procedures employed 

consisted of an evaluation of one hundred ten elementary 

school children, aged five through eleven years, as they 

attempted to use simple iconic maps to navigate to and 

identify two destinations in the neighborhoods around their 

elementary schools. Analysis was then performed to compare 

the subjects' success and failure rates to their ages, 

genders, and academic achievement in the areas of general 

non-verbal ability, verbal ability, reading achievement, 

and mathematics achievement. 

The maps used by the children were high resolution 

color aerial photographs of their schools and school 

neighborhoods, and the activity was constructed in order to 

require the subjects to use the photographs to fill in 

environmental details, and to establish spatial relation

ships, and then to use this information to move to and 

identify two locations indicated on the surface of their 

photographs. 

The purpose of the study was to distinguish the 

characteristic differences in the areas of chronological 
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age, gender, and academic achievement which existed between 

those subjects who possessed the development necessary to 

use a simple map for a specified spatial purpose and those 

who did not. 

Subjects 

Seventy of the subjects used in this study came 

from Erickson Elementary School in Tucson School District 

Number One, Tucson, Arizona. Ten children from each of 

the seven age groups, five to eleven years, were randomly 

selected for participation in this study. Forty more 

students, ten each from ages seven, eight, nine, and ten 

were randomly selected from the study body of Kellond 

Elementary School, also in Tucson School District Number 

One, to increase the sample size around those ages commonly 

agreed upon in the literature as significant in the develop

ment of space conceptualization (Piaget and Inhelder, 1967; 

Tolman, 1948; Cobb and Stoltman, 1973). 

These two schools were selected for use primarily 

because of geographic criteria deemed important for the 

success of the data gathering techniques employed. Both of 

these schools are positioned in the approximate center of 

the neighborhoods which they service, and that neighbor

hood lies conveniently within a square mile grid defined by 

four major city streets. This arrangement lent itself well 

to the research techniques employed because it allowed the 
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researcher to plot destination points in any of the four 

cardinal directions from the school without having to cross 

an arterial roadway. This spatial arrangement also insured 

that the subjects tested had some direct experiences, and 

therefore some cognitive map of the area with which they 

were to interact- Lastly, these two schools have major 

public parks adjacent to them which could serve as orienting 

reference points for the subjects as they began and pro

ceeded through the activity. 

Methods and Procedures 

Data were collected in two phases. During the first 

phase, students from Erickson and Kellond Elementary Schools 

in Tucson School District Number One were selected to be 

evaluated with the map task. Ten subjects, five male and 

five female, were randomly selected from each of the seven 

age groups, five through eleven, in attendance at Erickson 

Elementary School. Forty more subjects, ten each from ages 

seven through ten, were similarly selected from the student 

population at Kellond Elementary School. 

Each subject was individually scheduled for a 

forty-five minute testing period. The entire school day 

was utilized, with scheduling adjusted to avoid students' 

lunch, recess, and physical education periods. The 

subjects themselves were given no advance notice of their 



28 

scheduled times, but advance approval was obtained from 

each cooperating teacher. 

Testing of the subjects took place during the 

months of October and November at Erickson School and 

during February at Kellond School. These months are char

acterized by temperate weather in Tucson, and were chosen 

because of their appropriateness for outdoor activities. 

Testing was suspended during days of inclement weather and 

the pre-established sequence resumed as soon as weather 

permitted. Testing with regard to the map activity took 

place as follows: 

1. Each subject was accompanied by the researcher to a 

specific location outside of his or her school. 

2. Each subject was given an eight by ten inch color 

aerial photograph of his or her school, its 

grounds, and the neighborhood surrounding them 

(Appendices A and B). 

3. Approximately five minutes were spent having the 

subjects, or helping them to, identify numerous 

landscape features appearing on the photographs. 

These features included-the school, houses, park 

areas, roads, alleys, trees, and grassy areas, as 

well as any others volunteered by the subjects. 

Subjects were also asked to identify specific 

places represented on the photograph, such as their 
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favorite school play area, their homes, and the 

homes of their friends. 

4. A red "X" was placed on the aerial photograph to 

indicate the place where the subject and researcher 

were standing and it was identified to the subject 

as such. 

5. A second red "X" was placed on the photograph and 

the subject was asked to use his or her finger to 

simulate how one might walk from the first "X" to 

the second. 

6. The subject was then asked to walk to the indicated 

destination and to show the researcher how to find 

it. 

7. If the subject was successful in reaching the first 

destination, a second location was indicated with 

an "X" and the procedure repeated, this time 

starting from wherever the first activity ended. 

8. After completing the activity, each subject was 

returned to his or her classroom. The map was re-

appropriated and the subject was thanked for his or 

her participation. 

9. The procedure was repeated with each of the one 

hundred ten subjects. 

The researcher accompanied each child throughout 

the activities and procedure three was repeated before or 



30 

after each activity if the subject desired it. No instruc

tions were given to a subject once he or she had embarked 

for a destination; however, questions were often asked by 

the researcher which would keep the subjects attentive to 

the environmental features in their immediate vicinity. 

Although a thorough record was kept of each child's move

ments during the activity, no critical evaluations were 

shared with the subjects. 

During phase two of the data collection procedure, 

a computer assisted compilation of each test subject's 

school records was made by the Group Testing Unit of Tucson 

School District Number One. This compilation provided 

educational background for each subject, including a 

listing of the stanine scores for each standardized 

achievement test which the child had taken while enrolled 

in the District. 

The Photographs 

The photographs used in this research were oblique 

eight by ten color prints taken by a local aerial photog

rapher (see Appendices A and B). Color photographs were 

employed in this research to enhance the map details, 

thereby simplifying the map reading aspect of the task as 

much as possible. A slightly oblique angle was chosen to 

create a natural but non-obligatory position to begin 

examining the photograph from. This angle was not, 
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however, used by the researcher to align the maps with the 

physical environment as this orientation was considered to 

be an aspect of the map-use task being studied. 

Destination Places 

The criteria used to select destination places were 

intended to equalize the difficulty of the activity for all 

of the subjects, while protecting the data from contamina

tion. Difficulty was equalized in two ways. First, all 

destination places were established on an individual basis 

and in a direction contrary to the direction of the sub

ject's home and the homes of his or her closest friends-. 

Second, the two points selected for each subject repre

sented approximately the same total traveling distance and 

the same number of turns to be made. This was done to 

require each of the subjects to complete the same number of 

re-orientations as they proceeded to their destinations. 

The individual selection of destination points was seen as 

necessary to protect against possible contamination caused 

by over-familiarization with a particular destination or 

from the disclosure of the destinations by previously 

tested subjects. 

Instruments Used to Determine the Academic 
Achievments of the Subjects 

All of the achievement test scores used in this 

study were provided by the Group Testing Unit, Tucson 
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Public Schools- These scores represent academic achieve

ment in the areas of non-verbal, verbal, reading, and 

mathematics achievement. All scores were acquired in 

stanines, based upon national norms, and not every score 

was available for every subject. 

The following is a listing, by type, of the tests 

used, in the grade or age at which it was given: 

General Non-Verbal 

1. Lorge Thorndike Multilevel C, 1964 edition, form 1. 

An eighty item group test given to students between 

the ages of one hundred seven and one hundred 

eighty-seven months. 

2. Boehm Test of Basic Concepts, 1970 edition, form A. 

A fifty item group test given to students during 

the first month of first grade. 

General Verbal 

1. Lorge Thorndike Multilevel C, 1964 edition, form 1. 

A one hundred item group test given to students 

between the ages of one hundred seven and one 

hundred eighty-seven months, 

2. Stanford Auditory, Primary II, 1973 edition, form 

A. An eighty-seven item group test given to 

students during the first month of third grade 
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Reading Achievement 

1. Metropolitan Intermediate, 1970 edition, form F. 

A ninety-five item group test given to students 

during the first month of fifth grade. This partic

ular test is of special importance in lieu of a 

mandate by the Arizona Legislature that local School 

districts assess the reading ability of their ele

mentary school children and that these reading 

achievement scores be used as a basis for promotion 

(Arizona Revised Statutes 15-1131 through 1134). 

2. Stanford Primary II, 1973 edition, form A. A one 

hundred fifty-eight item group test given during 

the first month of third grade. Like the Metro

politan test of reading achievement, this test is 

also used to meet the Arizona legislature's re

quirements regarding reading achievement (ARS 15-

1131 through 1134). 

Mathematics Achievement 

1. Stanford Intermediate I, 1973 edition, form A. A 

one hundred twelve item group test given during the 

first month of fifth grade. 

2. Stanford Primary III, 1973 edition, form A. A 

ninety-six item group test given during the first 

month of fourth grade. 
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Data Analysis Procedure 

Data analysis began with the evaluation of each 

child with regard to the map activity. The subjects were 

scored as successful if they were able to reach both of 

their designated destinations. Subjects who were success

ful in reaching only one of the destinations and subjects 

who did not reach either destination were scored as un

successful. This approach was taken to eliminate chance 

responses and to reduce the possibility that a given subject 

might be so familiar with the neighborhood as to be able to 

reach a destination because the destination itself is known 

to him or her rather than because he or she was able to 

systematically use the map. 

After the subjects were scored on the map activity 

and after achievement test scores were secured for the 

subjects from Tucson School District Number One, the 

computerized Statistical Package for the Social Sciences 

(Nie et al., 1975) was employed for statistical analysis 

of the data. 

Crosstabulation analysis was used to produce 

contingency tables comparing subjects' scores on the map 

task with their ages and genders. This procedure produces 

a frequency distribution of cases for each independent 

variable against the dependent variable and generates 

statistics to test each pair of variables for independence 

and association. 



Variable independence was determined within the 

Crosstabulation procedure by use of a Chi-square statistic. 

The Chi-square is a test of statistical significance which 

can determine whether a systematic relationship exists 

between two variables. It does this by comparing the 

actual cell frequencies of a frequency distribution table 

to the expected cell frequencies if no relationship had 

existed: 

v 2  -  y  ( f c ^ - f e 1 )  2  

x . _ i 1 fe 

where fo1 equals the observed frequency in each cell, and 

fe1 equals the expected frequency calculated as 

where c^ is the frequency in a respective column marginal, 

r^ is the frequency in a respective row marginal, and N 

stands for the total number of valid cases (Nie et al., 

1975, p. 223). 

To determine if a systematic relationship did 

exist, it was necessary to ascertain the probability of 

obtaining, by chance, a Chi-square as large or larger than 

the one calculated. This probability is in part a function 

of the degrees of freedom for a given table. For user 

convenience, the SPSS Crosstabulation procedure computes 

the exact probability for each Chi-square value and is 

reported accordingly. 
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Since Chi-square is useful only in determining if 

variables are independent or related and does not tell the 

user how strongly related they are, various additional 

statistics are employed by SPSS to adjust the Chi-square 

and test for strength of relationships. The first of these 

is the phi statistic. Phi corrects for the fact that Chi-

square values are directly proportional to number of cases 

by adjusting the Chi-square value. Its formula is: 

2 1/2 

• - <¥> 

Phi assumes a value of 0 where no relationship exists, and 

a value of 1 when the variables are perfectly related (Nie 

et al., 1975, p. 224). 

When tables larger than two by two were used, a 

slightly modified version of phi, Cramer's V, was used to 

determine strength of relationship. The formula for 

Cramer's V is as follows (Nie et al.', 1975, p. 225) : 

min(r-l), (c-lF 

For the two variables being analyzed through the 

crosstabulation procedure, age and gender, phi or Cramer's 

V values approaching 1.0 would have been indicative of a 

strong relationship between subjects' scores on the map 

task and their ages or genders, and values approaching 0.0 

would have been indicative of a weak relationship. 



Both the phi and Cramer's V statistics measure only 

the strength of relationship. Neither can determine the 

direction of association. To accomplish this, two addi

tional statistics were employed. When tables were square, 

the statistic tau b was calculated (Nie et al., 1975, p. 

227) : 

P - Q Tau b = 
[i(N(N-l) (T1-1^-(N(N-1)-ET2(T2-1) ) ] 1/2 

Where tables were rectangular, the statistic tau c was 

calculated (Nie et al., 1975, p. 228): 

2m(P-Q) Tau c = 
N2(m-l) 

Both tau statistics are measures of concordance 

between ordinal-level variables. They consider every 

possible pair of cases in a table, and "see if their 

relative ordering on the first variable is the same (con

cordant) as their relative ordering on the second variable 

or if the ordering is reversed (discordant)" (Nie et al., 

1975, p. 227). The comparison of the number of concordant 

pairs to the number of discordant pairs is then used to 

determine if a correlation is positive or negative*. 

In the case of the data being tested, a negative 

correlation between age and the map task would have 

represented improvement at the map task with increased 

age, whereas a positive tau value would have indicated the 
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converse. With the variable gender, a positive value would 

have indicated that males had performed better on the map 

task while a negative value would have favored females. 

The primary limitation of the Crosstabulation pro

cedure is that it relies very heavily upon the calculation 

of Chi-square. Since Chi-square can be properly used only 

in distributions where fewer than twenty per cent of the 

cells have expected frequencies of less than five and where 

no cell has an expected frequency of less than one, its use 

is restricted (Siegel, 1956, p. 201). 

This restriction did not affect the analysis of the 

map task with regard to age or gender, since scores were 

available in these categories for all 110 subjects. How

ever, standardized test scores for general non-verbal 

ability, verbal ability, reading,- and mathematics achieve

ment were not available for all of the subjects. This 

fact, combined with the large number of cells required to 

analyze the standardized test scores by their stanine 

values precluded the use of the Crosstabulation procedure 

with regard to these variables. 

To test the relationships between the map task and 

the tests of general non-verbal, verbal, reading, and 

mathematics achievement, the SPSS procedure Breakdown was 

used. This procedure is analogous.to Crosstabulation, but 

summarizes the distribution of a complete row or column 

into its mean and standard deviation. It provides a 
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one-way analysis of variance to determine whether the means 

of the two subgroups of the dependent variable are sig

nificantly different from each other. 

The actual testing performed by the Breakdown pro

cedure consists of comparing the computed F ratio to the 

known sampling distribution of the F ratio. The computed 

F ratio is determined as follows: 

_ between-groups mean square 
~~ within-groups mean square 

As with Crosstabulation, the Breakdown procedure calculates 

the exact significance level for each tested pair of 

variables. 

In the case of the data being analyzed, significant 

F ratio value would have indicated that the subjects who 

passed the map task had scored significantly higher or 

lower on a given standardized test than those who had 

failed the map task. 

Where sufficient scores were available to warrant 

the selection of sample subgroups from those subjects who 

had taken the various standardized tests of general non

verbal, verbal, reading, and mathematics achievement, a 

T-test statistic was used for further analysis. Subgroups 

were determined by chronological age. The basis for their 

determination varied with individual standardized tests 

and depended in large part upon the age at which the test 

was administered. (Further explanation of why each given 



subgroup was selected for testing is presented in Chapter 

IV.) 

Since suppressing the data to produce subgroups for 

testing also reduced the sample being tested, use of the 

Breakdown procedure was discontinued in favor of the T-

Test procedure. This procedure employs a Student's t 

statistic to calculate the difference between a pair of 

means. Since this statistic uses degrees of freedom when 

computing variance it is generally reliable with small 

samples. The formula used for computing t is (Nie et al., 

1975, p. 269): 
, y 1~y 2 

a "  s a  

where 

s52 = (S2/NX•+ S2/N2). 

Since the t-test procedure gives an exact measure 

of twor-tailed probability for each pair of means being 

compared, this probability was reported along with the t 

value and the degrees of freedom used for its determina

tion. In the case of the data being analyzed, significant 

T probabilities would have indicated that the subjects who 

had passed the map task had scored significantly higher or 

lower than those who had failed the map task. 

A statistical probability level of Alpha equals 

.05 will be used with all procedures employed as the 

acceptable cut-off point for rejecting a hypothesis. 



CHAPTER IV 

ANALYSIS OF THE DATA 

Introduction 

This study investigated the development of space 

conceptualization among five through eleven year old 

elementary school children. One hundred ten subjects from 

two Tucson, Arizona, elementary schools were tested as to 

their ability to complete a simple navigational task which 

required the use of an aerial photograph map to walk to and 

identify environmental features in the neighborhood sur

rounding their schools. The purpose of this study was to 

determine the relationship between the development of space 

conceptualization among the subjects and their chrono

logical ages, their genders, and their general academic 

achievements as determined by standardized tests of general 

non-verbal ability, general verbal ability, reading 

achievement, and mathematics achievement. 

The first section of this chapter provides a brief 

review of the data gathering procedures employed and the 

overall results from those procedures, 

The second section provides a test of the hypoth

eses which guided the research. It contains a statistical 

analysis of the relationships between space 
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conceptualization and age and gender. Further, it eval

uates the statistical relationships between the subjects' 

scores on the map task and their stanine scores on the 

Lorge Thorndike Multilevel C test of general non-verbal 

ability, the Boehm Test of Basic Concepts test of general 

non-verbal ability, the Lorge Thorndike Multilevel C test 

of general verbal ability, the Stanford Auditory, Primary 

II test of general verbal ability, the Metropolitan Inter

mediate test of reading achievement, the Stanford Primary 

II test of reading achievement, the Stanford Intermediate 

I :test of mathematics achievement, and the Stanford Primary 

III test of mathematics achievement. 

Procedures and Results 

The procedures employed in this study were designed 

to observe and report the performance of one hundred ten 

elementary school children, ages five to eleven, as they 

attempted to use a color aerial photograph to walk to two 

destinations in the neighborhood around their schools. 

Subjects were tested one at a time, and each subject was 

accompanied by the researcher throughout the activity. 

Destination points were chosen which required the subjects 

to move in several directions and over several short 

distances in order to successfully reach the desired loca- . 

tions. Subjects were scored as successful with the map 

task only if they were able to reach both of the designated 
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locations, thus reducing the possibility of chance 

responses. 

Seventy subjects were chosen at random from the 

student body of Erickson School. The factors used in 

selecting subjects were age and gender, and the test sample 

consisted of five boys and five girls from each age group, 

five through eleven. 

Forty additional subjects were selected at random 

from the student body of Kellond School. These subjects 

were chosen to increase the sample over the ages of seven 

through ten, and consisted of five boys and five girls from 

each of these four age groups. The decision to increase 

the sample over just these four ages was based upon pre

liminary data gathered during a pilot test conducted to 

evaluate the appropriateness of the map task activity for 

use with elementary school age children. This pilot, 

conducted at Miles Exploratory Learning Center, Tucson 

School District Number One, indicated that the map task was 

an effective method for having children display the ability 

to conceptualize space, and that the most remarkable change 

in the subjects' performance on the map task was likely to 

occur during the middle elementary years. 

Results of the data collection procedure indicated 

that fifty<r-two of the one hundred ten subjects tested were 

able to successfully complete the map task. Of these 

fiftyr-two successful subjects, twenty-nine were male and 
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twenty-three were female. The results also showed that 

zero per cent of the five year olds had been successful, 

twenty per cent of the six year olds had been successful, 

fifteen per cent of the seven year olds had been success

ful, thirty-five per cent of the eight year olds had been 

successful, seventy-five per cent of the nine year olds 

had been successful, eighty per cent of the ten year olds 

had been successful, and ninety per cent of the eleven year 

olds had been successful (Table 1). 

Since subjects had been drawn from two separate 

elementary schools, a comparison was made between the forty 

Kellond subjects and their forty age-level counterparts 

from Erickson School. Of the eighty subjects compared, 

eighteen of those from Erickson had passed the map task 

while twenty-two had failed, and twenty-three of the 

Kellond subjects had passed while seventeen had failed. 

A Chi-square analysis of these two schools indicated that 

with alpha equal to .05, no significant difference was 

determined between the performance of the seven to ten year 

old subjects from the two schools used in the study 

(Table 2). 

Analysis of the Data 

This section contains the hypotheses which guided 

this study and the data and statistical analyses which 

were used to test those hypotheses. 



Table 1. The Development of Space Conceptualization Over the Chronological Ages 
of Five Through Eleven Years 

Chronological Age 

5 6 7 . R 9 10 11 . 
J\UW 

Total 

Successful with Map Task: 

N 0 2 3 7 15 16 9 52 
Row Per Cent 0 3.8 5.8 13.5 28.8 30.8 17.3 47.3 
Column Per Cent 0 20.0 15.0 35.0 75.0 80.0 90.0 
Total Per Cent 0 1.8 2.7 6.4 13.6 14.5 8.2 

Failed Map Task: 

N 10 8 17 13 5 4 1 58 
Row Per Cent 17.2 13.8 29.3 22.4 8.6 6.9 1.7 52.7 
Column Per Cent 100.0 80.0 85.0 65.0 25.0 20.0 10.0 
Total Per Cent 9.1 7.3 15.5 11.8 4.5 3.6 .9 

Column Total 10 10 20 20 20 20 10 110 
9.1 9.1 18.2 18.2 18.2 18.2 9.1 100.0 

Chi-square = 43.60245 with 6 degrees of freedom. 

Significance = .0000 

Cramer's V = .62959 

Kendall's tau c = .69091 



Table 2. Comparison by School of the Success and Failure 
Rates of the Tested Subjects 

Erickson Kellond Row 
School School Total 

Successful with Map Task: 

N 18 23 41 
Row Per Cent 43. 9 56.1 53.3 
Column Per Cent 45.0 57.5 
Total Per Cent 22.5 28.8 

Failed Map Task: 

N 22 17 39 
Row Per Cent 56.4 43.6 48.7 
Column Per Cent 55.0 42.5 
Total Per Cent 27.5 21.2 

Column Total: 

N 40 40 80 
Per Cent 50.0 50.0 100.0 

Chi-square = .80050 with 1 degree of freedom. 

Significance = .3709 

Phi = .12504 

Kendall's tau b = -.12504 



Hypothesis 1 

There is no significant relationship between 

children's chronological ages and their ability to use an 

aerial photograph map of their school neighborhood in a 

navigational activity. 

This hypothesis was tested with the SPSS Cross-

tabulation procedure. Although year/month ages were deter

mined for each of the subjects participating in the study, 

the use of these ages would have created a contingency 

table of such large dimensions as to violate the require

ments for valid Chi-square analysis (Siegel, 1956, p. 201). 

To avoid this, the data regarding subjects' chronological 

ages was compressed by truncating each age to its whole 

number value and Table 1 was created. The Chi-square 

value, 43,6, was significant at the .0000 alpha level. 

The Cramer's V value of .63 showed that the relationship 

between age and the map task was very strong, and the 

Kenall's tau c value of -.69 indicated that the relation

ship between age and success with the map task was posi

tive, Based upon these findings, the first null hypothesis 

was rejected. 

Since relationship between chronological age and 

success with the map task was extremely strong when 

measured across the entire age range of subjects tested, 

further analysis was warranted to determine if this 

strength of relationship would be maintained when the data 
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were suppressed to eliminate the highly dichotomous five, 

six, and eleven year old subjects. 

To determine this, the sample was narrowed to the 

eighty subjects falling in the age range of seven to ten 

years, and Table 3 was produced. The Chi-square value of 

23,76485 was significant at the .0000 alpha level. The 

Cramer's V value of .55 showed slightly less strength than 

Table 1 had, but still indicated a very strong relation

ship between subjects' chronological ages and their per

formance on the map task. A Kendall's tau c value of -.59 

indicated that with the suppressed group, as with the 

complete group, the relationship between chronological age 

and the ability to successfully complete the map task was 

positive. 

Since suppressing the sample by eliminating from it 

its most dichotomous subjects had failed to appreciably 

alter the reported strength of relationship between age and 

the ability to complete the map task, further analysis was 

performed by suppressing the sample to only those two ages 

displaying the greatest single year-change. Table 4 was 

produced to compare the performance of eight year olds 

tb that of nine year olds. Analysis of Table 4 produced a 

Chi-square value of 4.95 which was significant at the .03 

alpha level. A phi value of .40 indicated that amongst 

eight and nine year olds, a strong relationship existed 

between chronological age and performance on the map task, 



Table 3. The Development of Space Conceptualization Over 
the Chronological Ages of Seven Through Ten 

Chronological Age 

7 8 9 10 
„ KOW 
Total 

Successful with Map Task: 

N 3 7 15 16 41 
Row Per Cent 7.3 17. 1 36. 6 39.0 51.3 
Column Per Cent 15.0 35. 0 75.0 80.0 
Total Per Cent 3.7 8. 8 18.8 20. 0 

Failed Map Task: 

N 17 13 5 4 39 
Row Per Cent 43.6 33. 3 12.8 10.3 48.7 
Column Per Cent 85. 0 65. 0 25.0 20.0 
Total Per Cent 21.2 16. 2 6.3 5.0 

Column Total: 

N 20 20 20 20 80 
Total 25.0 25. 0 25.0 25.0 100. 0 

Chi-square = 23.76485 with 3 degrees of freedom. 

Significance = .0000 

Cramer's V = .54503 
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Table 4. The Development of Space Conceptualization Over 
the Chronological Ages of Eight and Nine 

Chronological Age 

8 
Row 
Total 

Successful with Map Task; 

N 7 
Row-Per Cent 31.8 
Column Per Cent 35.0 
Total Per Cent 17.5 

15 
6 8 . 2  
75. 0 
37.5 

22 
55. 0 

Failed Map Task; 

N 
Row Per Cent 
Column Per Cent 
Total Per Cent 

13 
72. 2 
65.0 
32.5 

5 
27. 8 
25. 0 
12.5 

18 
45.0 

Column Totals; 

N 
Total 

20 
50.0 

20 
50.0 

40 
100.0 

Chi-square = 4.94949 with 1 degree of freedom. 

Significance = .0261 

Phi = .40202 

Kendall's tau b = -.40202 



and a Kendall's tau b value of -.40 indicated that the 

relationship was still positive, with nine year olds 

successfully completing the map task significantly more 

often than eight year olds. 

These findings are fundamentally consistent with 

those of Cobb and Stoltman C1973). In their research, one 

hundred four kindergarten through sixth grade students were 

given a modified version of Piaget and Inhelder's (1967) 

Three Mountain Task. This task involves having a child 

view a simple spatial layout and then attempt to replicate 

from the point of view of a doll held in various positions 

around the display. Drawings produced by the Cobb and 

Stoltman subjects indicated that map conceptualization 

develops gradually, beginning roughly at age seven and 

continues through time until full development is displayed 

somewhere between age nine and age twelve. 

The only clear disparity between the Cobb and 

Stoltman findings and the findings of this study appear 

with regard to the ages at which map and space con

ceptualization are first detected. Cobb and Stoltman 

(1973) first report the appearance of map conceptualiza

tion at age seven, while data collected during this study 

indicated that twenty per cent of the six year old subjects 

tested were able to successfully use a simple map to 

accomplish a navigational activity. Considering the 

overall similarity between the other aspects of Cobb and 
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Stoltman's finding and the findings from this research, it 

appears likely that this small difference in the initial 

appearance of map and space conceptualization may be merely 

a function of the different forms of expression used by the 

subjects of the two studies- While the Cobb and Stoltman 

subjects were required to express map conceptualization by 

drawing a pictorial representation of a small, abstract 

spatial layout from a hypothetical point of view, the 

subjects tested in this study were asked to use a pictorial 

representation of a real environment with identifiable 

features, and to physically interact with that environment. 

This study was designed to be more concrete than 

those of Piaget and Inhelder (1967), Towler (1970), or Cobb 

and Stoltman (1973), and this difference in abstraction may 

have accounted for the slightly earlier appearance of space 

conceptualization. 

Gender and the Development of 
Space Conceptualization 

The second null hypothesis concerned the relation

ship between subjects' gender and their ability to display 

space conceptualization by completing a map assisted 

navigational activity and is stated below. 

Hypothesis 2 

There is no significant relationship between 

children's gender and their ability to use an aerial 
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photograph map of their school neighborhood in navigational 

activity. 

The SPSS Crosstabulation procedure was employed to 

test this hypothesis, and Table 5 was produced. Analysis 

of Table 5 yielded a Chi-square value of .91, which was 

significant at the .34 alpha level and not at the desig

nated .05 level. Results of the phi test indicated a 

strength of relationship of only .11/ while Kendall's tau b 

indicated that the males displayed only a slightly better 

overall performance on the map task than females. 

Based on these findings, the second null hypothesis 

was retained. This result was consistent with the earlier 

findings of Cobb and Stoltman (1973) and indicates that no 

significant differences exist between the abilities of boys 

and girls to conceptualize spatial relationships. 

Statistical Relationships Between Space 
Conceptualization and Eight Measures 

of Academic Achievement 

Stanine test scores from eight standardized achieve

ment tests widely used in Tucson School District Number One 

were secured from the District's Group Testing Unit for the 

purpose of comparing the test subjects' space conceptualiza

tion ability to their general academic achievement in the 

areas of general non-verbal ability, general verbal 

ability, reading achievement, and mathematics achievement. 

The eight tests for which scores were available were "the 
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Table 5. The Relationship Between Gender and Space 
Conceptualization 

Male 

Gender 

Female 
. Row 
Total 

Successful with Map Task: 

N 29 23 52 
Row Per Cent 55.8 44.2 47.3 
Column Per Cent 52.7 41. 8 
Total Per Cent 26.4 20.9 

Failed Map Task: 

N 26 32 58 
Row Per Cent 44.8 55.2 52.7 
Column Per Cent 47.3 58. 2 
Total Per Cent 23.6 29.1 

Column Total: 

N 55 55 110 
Total 50.0 50. 0 100.0 

Chi-square = .91180 with 1 degree of freedom. 

Significance = .3396 

Phi = .10925 

Kendall's tau b = .10925 
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Lorge Thorndide Multilevel C test of general non-verbal 

ability (1964 edition, form 1); the Boehm Test of Basic 

Concepts Test of general non-verbal ability (1970 edition, 

Form A); the Stanford Auditory, Primary II test of general 

verbal ability (1973 edition, form A); the Metropolitan 

Intermediate test of reading achievement (1970 edition, 

form F); the Stanford Primary II test of reading achieve

ment (1973 edition, form A); the Stanford Intermediate I 

test of mathematics achievement (1973 edition, form A); 

and the Stanford Primary III test of mathematics achieve

ment (1973 edition, form A). 

Due to the size and range of the test sample as 

well as a district trend toward reducing the amount of 

achievement testing taking place each year, there existed 

numerous missing values for each of the tests analyzed. 

Missing values were deleted for the calculation of all 

statistics in this section on a casewise basis. This sub

stantially reduced the number of cases included in the 

analysis of each test and this reduction is noted by and 

accounted for by an appropriate reduction in the degrees of 

freedom used in the analyses. 

Significance of relationship between the subjects' 

Stanine test scores on each of the eight standardized 

tests, and their performance with the map task,wwas tested 

with the SPSS Breakdown procedure (Nie et al., 1975, p. 

250). This procedure employs an analysis of variance 
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statistic to compare for difference the mean achievement 

test scores of those who passed the map task to the mean 

test scores of those who did not. The formula used in this 

computation is as follows.(Nie et al., 1975, p. 259): 

F _ between-groups mean square 
within-groups mean square 

Hypothesis 3 concerned the relationship between 

students' general non-verbal ability and their performance 

on the map task, and is stated below. 

Hypothesis 3 

There is no significant relationship between 

children's general non-verbal ability, as determined by 

standardized test scores, and their ability to use an 

aerial photograph map of their school neighborhood in a 

navigational activity. 

This hypothesis was tested by comparing subjects' 

stanine scores on the Lorge Thorndike Multilevel C test of 

general non-verbal ability and the Boehm Test of Basic 

Concepts test of general non-verbal ability with their 

scores on the map task. 

Results of the analysis of the Lorge Thorndike test 

are reported in Table 6 and indicate an F ratio of .11, 

which is significant at the .97 alpha level and not at 

the designated .05 level. No further analyses were per

formed with regard to this test because all of the subjects 
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Table 6. Analysis of Variance Between Subjects' Scores on 
the Lorge Thorndike Multilevel C Test of General 
Non-Verbal Ability and the Map Task 

Sum of Degrees of Mean 
Squares Freedom Squares 

Between Groups .0089 4 . 0222 

Within Groups . 8000 4 .2000 

Total .8089 8 

F ratio = .1111 

Significance = .9720 

who had taken it were eleven years old at the time of this 

research, and so little variance existed with regard to the 

map task for these subjects (Table 1) that further analysis 

would have been ineffectual. 

Results of the analysis of the Boehm Test of Basic 

Concepts test of general non-verbal ability are shown in 

Table 7, and indicate an F ratio of 2.59, which is sig- • 

nificant at the .02 alpha level. 

For further analysis, the T-test statistic was 

employed with regard to the Boehm test in an effort to 

further define the relationship between this test and the 

map task. Two subgroups of subjects were drawn from the 

sample for this analysis. The first subgroup consisted of 

just seven year olds and the second subgroup consisted of 
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Table 7. Analysis of Variance Between Subjects' Scores 
on the Boehm Test of Basic Concepts Test of 
General Non-Verbal Ability and the Map Task 

Sum of Degrees of He an 
Squares Freedom Squares 

Between Groups 3,8926 7 .5561 

Within Groups 11.6074 54 .2150 

Total 15.5000 61 

F ratio = 2.5871 

Significance = .0224 

a combined group of eight and nine year olds. The seven 

year old subgroup was chosen for testing because its 

members represented the youngest subjects for which Boehm 

test scores were available and as such, represented the 

subjects for whom the test was most recent and most 

reliable. The eight/nine subgroup was chosen because these 

two ages represented the age range displaying the most 

year-to-year performance change with regard to the map 

task. 

Analysis of Table 8 indicated that for the seven 

year olds tested, there was a significant difference 

between the mean Boehm scores of those who passed the map 

task and those who failed it. Analysis of Table 9 
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Table 8. T-analysis: Boehm Test of Basic Concepts and Map 
Task—Seven Year Olds Only 

N of 
Cases Mean 

Standard 
Deviation 

Standard 
Error 

Successful at 
Map Task 3 7.0000 1.732 1.000 

Failed at 
Map Task 15 4.6667 1.633 .422 

T value = 2.24 with 16 degrees of freedom 

Significance = .040 

Table 9. T-analysis: Boehm Test of Basic Concepts and Map 
Task—Combined Eight and Nine Year Old Subjects 
Only 

N of 
Cases Mean 

Standard 
Deviation 

Standard 
Error 

Successful at 
Map Task 17 6.2941 1,839 .444 

Failed at 
Map Task 12 4.9167 1.165 .336 

T value = 2.29 with 27 degrees of freedom 

Significance = .030 
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indicated that a similar significant difference existed 

between the mean Boehm scores of eight and nine year olds 

who passed the map task and those who failed it. 

The statistical relationships determined through 

analysis of subjects' stanine scores from the Boehm test 

and their success and failure rates with regard to the map 

task were sufficient to reject the third test hypothesis. 

These findings suggest that there are elements to the Boehm 

test which make it a significant indicator of the develop

ment of space conceptualization. In an effort to determine 

more about this relationship, a detailed analysis of the 

Boehm Test of Basic Concepts is presented in Chapter V. 

Hypothesis 4 concerned the relationship between 

students' general verbal ability and their performance on 

the map task, and is stated below. 

Hypothesis 4 

There is no significant relationship between 

children's general verbal ability as determined by 

standardized test scores and their ability to use an aerial 

photograph map of their school neighborhood in a naviga

tional activity. 

Hypothesis 4 was tested by comparing subjects' 

stanine test scores on the Lorge Thorndike Multilevel C 

test of general verbal ability and the Stanford Auditory, 
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Primary II test of general verbal ability with their 

success and failure rates with regard to the map task. 

An analysis of the Lorge Thorndike test appears in 

Table 10. The F ratio, computed by comparing subjects' 

stanine scores on the Lorge test with their success and 

failure rates with the map task was equal to .64. This 

ratio was significant at the .69 alpha level and not at 

the designated .05 level. No further analyses were 

attempted for the Lorge Thorndike test because the use of 

this form had been discontinued by the Tucson School 

District. As such, the only subjects for whom scores from 

this form were available were eleven years old at the time 

of this research, and so little variance existed with 

regard to the map task among these subjects (Table 1) that 

further analyses would have been ineffectual. 

Results of the analysis of the Stanford Auditory, 

Primary II test of general verbal ability are shown in 

Table 11, and indicate an F ratio of 1.45, which is sig

nificant at the .22 alpha level, but not at the designated 

.05 level. 

Since the Stanford Auditory, Primary II test form 

was administered to subjects during the first month of 

third grade, the decision was made to perform more 

analysis on this test form by eliminating from the statis

tical calculations those subjects ten years of age or 

older. This determination was based upon the fact that 
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Table 10. Analysis of Variance Between Subjects' Scores on 
the Lorge Thorndike C Test of General Verbal 
Ability and the Map Task 

Sum of 
Squares 

Degrees of 
Freedom 

Mean 
Squares 

Between Groups .4000 5 . 0800 

Within Groups . 5000 4 .1250 

Total .9000 9 

F ratio = .6400 

Significance = .6854 

Table 11. Analysis of Variance Between Subjects' Scores on 
the Stanford Auditory, Primary II Test of 
General Verbal Ability and the Map Task 

Sum of Degrees of Mean 

V 
Squares Freedom Squares 

Between Groups 1.4847 6 .2474 

Within Groups 6.9945 41 .1706 

Total 8.4792 47 

F ratio = 1.4504 

Significance = .2193 
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little variance existed with regard to the map task for 

subjects ten years of age or older, and upon the fact that 

for ten and eleven year olds the test was two and three 

years old, respectively, and scores determined that long 

ago might no longer be reliable. 

Since sample size was being reduced by suppressing 

all but the eight and nine year old ;subjects, the T-test 

procedure was employed to test for difference between the 

mean Stanford Auditory, Primary II scores of those passing 

the map task and those failing the map task. 

Results of this analysis are presented in Table 12. 
f" 

The analysis yielded a T value of 2.16, which was signifi

cant at the .044 alpha level. 

Table 12, T-analysis: Stanford Auditory, Primary II Test 
and Map Task—Combined Eight and Nine Year Old 
Subjects Only 

N of 
Cases Mean 

Standard 
Deviation 

Standard 
Error 

Successful at 
Map Task 14 6.9286 1.328 .355 

Failed at 
Map Task 7 5.4286 1.813 .685 

T value = 2.16 with 19 degrees of freedom 

Significance = .044 
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These analyses showed that a significant difference 

did exist between the scores on the Stanford Auditory, 

Primary II test of general verbal ability of those subjects 

who passed the map task and those who failed it. Although 

this finding was significant only with those subjects in 

the eight and nine year old age groups, it still indicated 

that the Stanford Auditory, Primary II test contained 

elements which made it a significant indicator of the 

development of space conceptualization,' and the fourth 

null hypothesis was rejected. 

In an effort to determine more about this relation

ship, a detailed analysis of the Stanford Auditory, Primary 

II test is presented in Chapter V. 

The fifth null hypothesis used to guide this study 

concerned the relationship between students' reading 

achievement and their performance on the map task, and is 

stated below. 

Hypothesis 5 

There is no significant relationship between 

children's reading achievement as determined by standard

ized test scores and their ability to use an aerial photo

graph map of their school neighborhood in a navigational 

activity. 

This hypothesis was tested by comparing the sub

jects' stanine scores on two achievement tests, the 
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Metropolitan Intermediate test of reading achievement and 

the Stanford Primary II test of reading achievement, to 

their success and failure ratios with regard to the map 

task. 

Results of the analysis of the Metropolitan Inter

mediate test are reported in Table 13 and indicate an F 

ratio of 1.40, which is significant at the .28 alpha level 

and not at the designated .05 level. 

Table 13. Analysis of Variance Between Subjects' Scores on 
the Metropolitan Intermediate Test of Reading 
Achievement and the Map Task 

Sum of Degrees of Mean 
Squares Freedom Squares 

Between Groups . 6515 6 .1086 

Within Groups 1.1667 15 .0778 

Total 1.8182 21 

F ratio = 1.3961 

Significance = .2791 
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No additional analyses were {performed on the 

Metropolitan Intermediate test. This test form was taken 

only by ten and eleven year old subjects, and there was too 

little variance among this group with regard to their map 

task performance (Table 1) to justify use of the T 

statistic. 

Results of the analysis of the Stanford Primary II 

test of reading achievement are reported in Table 14 and 

indicate an F ratio of .86, which is significant at the 

.54 alpha level and not at the designated .05 level. 

Table 14. Analysis of Variance Between Subjects' Scores on 
the Stanford Primary II Test of Reading 
Achievement and the Map Task 

Sum of Degrees of Mean 
Squares Freedom Squares 

Between Groups 1.0932 7 .1562 

Within Groups 7.4374 41 .1814 

Total 8.5306 48 

F ratio = .8610 

Significance = .5449 
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Despite the very weak relationship indicated by 

Table 14, further analysis was performed. This analysis 

consisted of using the T statistic to compare the mean 

Stanford Primary II test scores of the eight and nine year 

olds who passed the map task with the mean Stanford Primary 

II test scores of those eight and nine year olds who failed 

the map task. This analysis was deemed necessary by the 

fact that very little variance existed with regard to the 

map task for the test subjects ten years of age or older 

(Table 1), and by the fact that for the ten and eleven 

year old subjects, the Stanford test was two and three 

years old respectively, and scores determined that long ago 

might no longer be reliable. 

Results of this analysis are presented in Table 15 

and indicated a T value of .52, which was significant at 

the .61 alpha level and not at the designated .05 level. 

These analyses indicated that no significant 

relationship existed between subjects' success or failure 

rates with the map task and their reading achievement as 

measured by standardized tests. The fifth null hypothesis 

was thus retained. 

It would appear, based upon the retention of this 

hypothesis, that language sophistication of the sort 

measured by the two standardized tests of reading achieve

ment commonly adminstered in Tucson School District One 

is not dependent upon the same cognitive development which 
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Table 15. T-analysis: Stanford Primary II Test and Map 
Task—Combined Eight and Nine Year Old Subjects 
Only 

N of 
Cases Mean 

Standard 
Deviation 

Standard 
Error 

Successful at 
Map Task 15 5.8000 2.077 .536 

Failed at 
Map Task 7 5.2857 2.289 .865 

T value = .52 with 20 degrees of freedom 

Significance = .606 

was being assessed through the space conceptualization 

test. This may imply that the cognitive structures through 

which a child organizes human language and those through 

which that child organizes the spatial relationships of his 

environment are different and independent. Equally likely, 

however, is the possibility that the language sophistica

tion measured by the two standardized tests of reading 

achievement is, in fact, independent of the cognitive 

structures through which the child has organized his 

language; and the resultant possibility that standardized 

tests of reading achievement are also unrelated to these 

cognitive structures. 

Since the intent of this research was only to 

explore parameters relating to spatial conceptualization, 

the question of what is or is not tested by standardized 

tests of reading achievement will not be further pursued. 
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The sixth null hypothesis used to guide this study 

concerned the relationship between students' mathematics 

achievement and their performance on the map task, and is 

stated below. 

Hypothesis 6 

There is no significant relationship between 

children's mathematics achievement as determined by 

standardized test scores and their ability to use an aerial 

photograph map of their school neighborhood in a naviga

tional activity. 

This hypothesis was tested by comparing the sub

jects' stanine scores on two achievement tests, the 

Stanford Intermediate I test of mathematics achievement and 

the Stanford Primary III test of mathematics achievement to 

the subjects' success and failure rates with regard to the 

map task. 

Results of the analysis of the Stanford Intermediate 

test are reported in Table 16 and indicate an F ratio of 

.48, which is significant at the .81 alpha level and not at 

the designated .05 level. 

No additional analyses were performed on the 

Stanford Intermediate I test. This test form is adminis

tered to students during the first month of fifth grade, 

and only one subject from the sample group who had taken 

the test was younger than ten years old. Since the older 
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Table 16. Analysis of Variance Between Subjects' Scores on 
the Stanford Intermediate I Test of Mathematics 
Achievement and the Map Task 

Sum of Degrees of Mean 
Squares Freedom Squares 

Between Groups .2944 6 .0491 

Within Groups 1.5238 15 .1016 

Total 1.8182 21 

F ratio = .4830 

Significance = .8109 

subjects displayed very little variance on their map task 

scores (Table 1), further analysis of this test would have 

been ineffectual. 

Results of the Stanford Primary III test of mathe

matics achievement are reported in Table 17 and indicate an 

F ratio of .81, which is significant at the .55 alpha level 

and not at the designated .05 level. 

No additional analysis of the Stanford Primary III 

test of mathematics achievement was done, since the only 

subjects for whom scores on this form were available were 

nine years of age, and no age level subgroups could be 

taken from the sample. 
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Table 17. Analysis of Variance Between Subjects* Scores on 
the Stanford Primary III Test of Mathematics 
Achievement and the Map Task 

Sum of 
Squares 

Degrees of 
Freedom 

Mean 
Squares 

Between Groups .7083 3 .2361 

Within Groups 1.1667 4 .2917 

Total 1.8750 7 

F ratio = .8095 

Significance = .5511 

These analyses indicated that no significant rela

tionship existed between subjects' success or failure rates 

with the map task and their mathematics achievement as 

measured by standardized tests. The sixth null hypothesis 

was thus retained. 

It would appear, based upon the retention of this 

hypothesis, that the mathematical abilities assessed by the 

two standardized tests of mathematics achievement commonly 

administered in Tucson School District One are not repre

sentative of the same cognitive development which was being 

assessed through the space conceptualization test. This 

may indicate that the abilities related to mathematical 

relationships and spatial relationships are independent and 

different. Equally likely, however, is the possibility 
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that spatial and mathematical relationships are related to 

each other and that the analytical abilities assessed by 

standardized tests of mathematics achievement are unrelated 

to both. 

Since the intent of this research was only to 

explore parameters relating to space conceptualization, the 

question of what is and is not measured by standardized 

mathematics achievement tests will not be further pursued. 



CHAPTER V 

CONCLUSIONS AND IMPLICATIONS 

This study was designed to explore the development 

of space conceptualization within a selected sample of 

elementary school age children. The study involved having 

one hundred ten children, ages five through eleven years, 

attempt to use a color aerial photograph map of their 

school and school neighborhood to walk to and identify two 

destination points in the neighborhood surrounding their 

elementary school. Destination points were indicated on 

the surfaces of the photographs which the children used to 

gain the environmental information necessary to determine 

the proper directions and distances in which they needed to 

move to reach the destination points, and to gain the in

formation necessary to correctly identify their destina

tions when they reached them. Success or lack of success 

in reaching the designated destinations was recorded for 

each subject, and analysis was performed to distinguish 

the characteristic differences which existed between those 

subjects who possessed the development necessary to 

accomplish the map task and those who did not. 

73 
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Summary 

Data were collected in two phases. During the 

first phase, students from Erickson and Kellond Elementary 

Schools in Tucson School District Number One were selected 

to be evaluated with the map task. Ten subjects each, 

five male and five female, were randomly selected from 

each of the seven age groups, five through eleven, in 

attendance at Erickson Elementary School. Forty more 

subjects, ten each from ages seven through ten, were 

similarly selected from the student population at Kellond 

Elementary School. Each student was individually 

scheduled for a forty-five minute testing period and the 

map task was performed during this allotted time. 

Each subject was given an aerial photograph of his 

or her school and school neighborhood to view (Appendices 

A and B}, The photograph was a high resolution, eight by 

ten inch, color print and had been taken from a slightly 

oblique angle. Subjects were asked to, or in some cases 

helped to, identify numerous landscape features appearing 

on their photograph. These features included the school 

houses, park areas, roads, alleys, trees, and grassy areas 

as well as any other volunteered by the subjects. Subjects 

were also asked to identify specific places represented on 

the photograph, such as their favorite school play area, 

their home, or the homes of their friendsAn "X" was then 

placed on the photograph to indicate the general point at 
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which the subject and researcher were standing and it was 

identified to the subject as such. Another "X" was placed 

on the map to indicate the first designated destination 

point and identified to the subject as such. The subject 

was asked to simulate movement from the first "X" to the 

second by moving his or her finger across the surface of 

the photograph. The subjec.t was then asked to try and walk 

to the destination. If the subject succeeded in reaching 

the first destination, a second one was designated and the 

procedure was repeated. 

The data collected in phase one were then scored. 

Subjects were reported as successful only if they had been 

able to reach both destinations correctly. Subjects un

successful at finding the first destination were marked as 

unsuccessful with the map task and no further data 

recorded, although frequently the subjects were given a 

second point because they had expressed an interest in 

repeating the activity. Since subjects were instructed to 

identify the point when they were reached, the researcher 

did not give any evaluation to the subjects. 

Scored data were tabulated on a pass/fail basis 

and recorded by age and gender for testing the first two 

hypotheses. 
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Hypothesis 1 

There is no significant relationship between 

children's chronological age and their ability to use an 

aerial photograph map of their school neighborhood in a 

navigational activity. 

Hypothesis 2 

There is no significant relationship between 

children's genders and their ability to use an aerial 

photograph map of their school neighborhood in a naviga

tional activity. 

Contingency tables were constructed for each of 

these hypotheses and statistical analysis was performed by 

using the Chi-square test for difference, the phi or 

Cramer's V test of correlation, and the tau b or tau c test 

of concordance. The .05 alpha level was used to determine 

Chi-square significance and the values produced through 

these analyses indicated that chronological age was sig

nificantly correlated with the cognitive development 

necessary to conceptualize space and complete a map-guided 

navigational task, thus rejecting the first hypothesis. 

Significant correlation could not, however,' be derived by 

the comparison of gender and the map task, and the second 

null hypothesis was retained. 

The second phase of this study involved acquiring 

standardized test scores in the areas of general non-verbal 
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achievement, general verbal achievement, reading achieve

ment, and mathematics achievement. The scores available 

with regard to these areas of achievement were stanine 

values from the following tests: 

General Non-Verbal. (1) Lorge Thorndike Multi

level C, 1964 edition, form 1; (2) Boehm Test of Basic 

Concepts, 1970 edition, form A. 

General Verbal. (1) Lorge Thorndike Multilevel 

C, 1964 edition, form 1; (2) Stanford Auditory, Primary 

II, 1973 edition, form A. 

Reading. (1) Metropolitan Intermediate, 1970 

edition, form F; (2) Stanford Primary II, 1973 edition, 

form A. 

Mathematics. (.1) Stanford Intermediate I, 1973 

edition, form A; (2) Stanford Primary III, 1973 edition, 

form A. 

Scores from the achievement tests were provided 

by the Group Testing Unit, Tucson School District Number 

One. By test design and district policy, each of these 

tests is administered during a specific school grade. 

Those students who have not yet reached the grade during 

which a given test is administered, or who were not 

registered in the district during the grade it was 

administered showed a missing value for that test. This 
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meant that numerous missing values occurred for all the 

standardized tests for which scores were available. To 

compensate for this unavailability of scores, the statis

tical analyses used to compare standardized test scores 

with the map task scores were performed with the Analysis 

of Variance statistic or T-test statistic, both of which 

correct for small samples by including the degrees of 

freedom for a given variable into the calculations in

volving that variable, 

Analysis of the standardized test scores consisted 

of comparing subjects' stanine scores on each standardized 

test with their scores on the map task. Analysis of 

VAriance was performed for this comparison and F ratios 

were produced between each test and the map task. 

Additional analyses Were performed on these data 

by breaking down the subjects taking each test by age and 

comparing within selected age group subsets, the mean 

standardized test scores of those subjects who passed the 

map task with that of those who failed it. This analysis 

was performed with a T-test statistic and was justified by 

the lack of variance displayed on the map task by the 

older subjects. 

Four hypotheses were tested to study the relation

ship between space conceptualization and academic achieve

ment as measured by standardized tests. The results are as 

follows: 
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Hypothesis 3 

There is no significant relationship between 

children's general non-verbal ability as determined by 

standardized test scores and their ability to use an aerial 

photograph map of their school neighborhood in a naviga

tional activity. This hypothesis was rejected. 

Hypothesis 4 

There is no significant relationship between 

children's general verbal ability as determined by 

standardized test scores and their ability to use an aerial 

photograph map of their school neighborhood in a naviga

tional activity. This hypothesis was rejected. 

Hypothesis 5 

There is no significant relationship between 

children's reading achievement, as determined by standard

ized test scores, and their ability to use an aerial 

photograph map of their school neighborhood in a naviga

tional activity. This hypothesis was accepted. 

Hypothesis 6 

There is no significant relationship between 

children's mathematics achievement as determined by 

standardized test scores and their ability to use an aerial 

photograph map of their school neighborhood in a naviga

tional activity. This hypothesis was accepted. 
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Significant relationships were determined between 

two of the standardized measures of academic achievement 

and the map task. The two tests found to be significant 

were the Boehm Test of Basic Concepts, a test of general 

non-verbal ability; and the Stanford Auditory Primary II, 

a test of general verbal ability. In an effort to better 

understand the relationship between these tests and the 

map task employed in this research, copies of each test 

and its manual were secured from the Group Testing Unit 

of the Tucson School District. A brief summary of these 

tests follows. 

The Boehm Test of Basic Concepts 
1970 Edition, Form A 

The Boehm Test of Basic Concepts is a fifty-item 

group test given to students during the first month of 

first grade. The fifty items are split equally between 

two booklets, and each booklet is usually administered in 

a separate single session. Instructions for each of the 

test items are given separately and verbally. There are 

no instructions, directions, or questions written in the 

test booklets. All that is contained in the test booklets 

given to the students are boxes with sketch pictures which 

serve as multiple choice answers. There are three pictures 

per box and each box is associated with a different ques

tion. Students being tested are instructed to listen to a 

question and then to select the picture which best answers 
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the question, and mark it with an "X." A protocol is given 

for each question to be read, and no time limit is dictated 

for administration. 

The Boehm test is designed primarily to assess 

students' understanding of concepts in three categories— 

space, quantity, and time. Of the fifty test items, 

twenty-three were categorized as relating primarily to 

space and five as having additional context related to 

space. Eighteen were categorized as relating primarily to 

quantity. Four were categorized as relating primarily to 

time and nine were categorized as having additional con

texts related to time. Five items were categorized as 

dealing with miscellaneous concepts (Boehm, 1971). 

The criteria used for selecting the concepts in

cluded in the Boehm test required that the concepts 

selected be "important for understanding and following 

instructions, occur frequently in curricular materials, 

and have little or no attention given to their instruction," 

but understanding of which is generally assumed (Boehm, 

1971, p. 18). 

The norms determined during standardization of the 

Boehm test indicate that students from higher socioeconomic 

levels generally tend to score higher than those from lower 

levels (Boehm, 1971, p. 21). These norms also indicate 

that children from the lower socioeconomic levels tend to 

make the greater test gains during first grade, thus 
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narrowing the differences between them and higher socio

economic students by the end of first grade (Boehm, 1971, 

p. 27). 

In summary, 56% of the questions appearing on the 

Boehm Test of Basic Concepts are concerned either pri

marily or in part with spatial relationships. Most of 

these concepts correspond directly with the relationships 

represented on the aerial photograph used during the map 

task employed in this study. Concepts as away from, next 

to, between, corner, after, right, and left are relative 

relationships and the aerial photograph was chosen for 

this study because its interpretive simplicity made use 

of just such relative relationships. 

Stanford Auditory, Primary II 
1973 Edition, Form A 

The Stanford Auditory, Primary II test of general 

verbal achievement is an eighty-seven item group test given 

to students during the first month of the third grade. 

This test and the Stanford Primary II test of reading 

achievement are actually combined into a five-part battery 

of exams with the first and fifth parts measuring general 

verbal ability and the second through fourth parts measuring 

reading achievement. 

The first portion of this text assesses vocabulary 

and consists of thirty-seven questions. For each item, 

students are read an incomplete sentence and required to 
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choose from three possible words the one which correctly 

completes the sentence. The answer booklets used by the 

children contain only the three possible answers for each 

question. Questions are read orally by the teacher 

administering the test, and students have ten seconds 

between questions to find and mark the appropriate answers, 

The fifth part of the Stanford Primary II test is 

a fifty-item assessment of listening comprehension. For 

the first fifteen items of this test, students are read a 

descriptive story and are then required to select from 

three pictures the one which best illustrates the meaning 

of the sentence. The answer box for this test item con

sists of three sketch pictures. 

The second section of this test consists of ten 

items which, use the same type descriptive story questions, 

only in the answer book, the sketch pictures have been 

replaced by words and the number of choices varied 

between three and four. 

The last twenty-five items on the test consist of 

questions about concepts or concept words. For each 

question, a statement is read and the students are in

structed to mark an appropriate response. Three or four 

possible responses are listed for each question. 

Students' answer sheets for items twenty-six 

through fifty contained only rows of alphabetized circles 
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which are prefixed by pictures and numbers to insure that 

students align their answers with the appropriate questions. 

Since this test was designed to measure verbal 

ability, no analysis was available to determine the number 

of items in each section which may have involved the under

standing of spatial relationships. Similarly, no normative 

data were available through the Group Testing Unit regarding 

this test. As such little explanation can be offered re

garding the significant relationship displayed between 

subjects' stanine scores on this test and their performances 

of success and failure rates with the map task. One purely 

speculative explanation might be that the last half of the 

test did involve children's understanding of a variety of 

concepts, and that those subjects who displayed higher than 

average understanding of conceptual information in general, 

will also possess higher than average understanding of 

those concepts relating specifically to spatial relation

ships. 

Conclusions and Implications 

The procedures employed during the data gathering 

phase of this study were created to involve children in a 

meaningful experience during which they could display space 

conceptualization through direct spatial interaction. The 

study was designed to observe numerous children of various 

ages as they attempted to use a simplified map to organize 
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and define a physical environment in order to accomplish 

purposeful movement within that environment. The intent 

of this study was to isolate factors determinant of or 

predictive of the ability of children to successfully 

conceptualize space. 

Earlier studies had established the ability of very 

young children with quite diverse backgrounds to success

fully read and interpret the symbols contained on simple 

iconic maps (Blaut, 1969; Muir, 1970). Still other studies 

had isolated factors relating to children's ability to con

ceptualize a map as a symbolic representation of fixed 

physical relationships.(Piaget and Inhelder, 1967). This 

study, however, represented a first attempt at determining-

some developmental patterns regarding when children could 

actually use a map. 

The results of this study indicated that three 

factors, chronological age, general non-verbal ability, 

and general verbal ability could be related to the develop

ment of space conceptualization, and that three factors™ 

gender, reading achievement, and mathematics achievement— 

displayed no relationship to this development. 

Although prior research had indicated in advance 

that chronological age would be significantly related to 

the development of children's space conceptualization 

ability, a unique and important feature of this study was 

the attempt and resultant success at relating the 
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development of space conceptualization to general school 

related assessments of children's abilities. This study 

determined that at least two measures of academic achieve

ment, the Boehm Test of Basic Concepts test of general 

non-verbal ability and the Stanford Auditory, Primary II 

test of general verbal ability, could be used in part to 

predict the development of space conceptualization. 

The primary implication of this research to the 

study of maps stems from the range of ages over which the 

subjects displayed the ability to successfully complete the 

map task. While the data clearly indicated that age nine 

marked a major development point at which space concep

tualization could generally be expected to appear, the data 

also indicated that for roughly ten per cent (12/110) of 

the subjects, the necessary development was displayed 

earlier than age nine and that for another ten per cent 

(11/110), the development had not appeared at or after age 

nine. This means that the data were not entirely di-

chotomous with regard to the map task and age and that it 

would be inappropriate to assume that at any single chrono

logical age, one could expect all the members of that age 

to possess comparable cognitive development, or be able 

to perform the same spatial tasks. 

On the other hand, the standardized tests which 

were compared to the map task indicated another factor of 

importance in determining the probability that a given 



87 

group of students will be able to complete a task requiring 

space conceptualization. This factor is the overall rela

tionship determined through comparison of the Boehm Test of 

Basic Concepts and the Stanford Auditory, Primary II test 

with the map task. Both of these tests assessed the 

general levels of concept formation possessed by the 

subjects. The strong relationships appearing between these 

tests and the map task would imply that students with 

higher than average general concept formation levels will 

also display higher than average ability with regard to 

space conceptualization. 

Also of importance was the finding that no sig

nificant relationships existed between the map task and 

either reading achievement test scores or mathematics 

achievement test scores. One strong implication of this 

finding is that the commonly practiced policy of ability 

grouping students based upon reading achievement may 

produce a homogeneous group of children for reading, but 

that the homogeneity of these groups will disappear when 

the students are given a non-reading assignment requiring 

concept formation similar to that required in the map 

task. If, then, homogeneity is deemed educationally de

sirable, the ability grouping of children must not be 

universally determined by reading scores, but must be 

individually determined for a given task, depending upon 
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the specific achievements or abilities required for that 

task. 

Perhaps the single most interesting finding of 

this study concerned its relationship to the map con

ceptualization studies of Piaget and Inhelder (.1967) , 

Towler (1970), and Cobb and Stoltman (1973) which preceded 

it. These researchers all used a much more abstract and 

much less concrete method to assess children's ability to 

conceptualize spatial relationships. It was hoped that the 

more concrete and experientially relevant nature of this 

study would make the expression of space conceptualization 

easier for the students, and that, as such, younger 

students would be found to be showing greater frequencies 

of this conceptualization than discovered by prior re

search. This, however, was not the case. The findings of 

this research were nearly identical with regard to chrono

logical age, to those of researchers using the less 

concrete and more symbolic tasks. The apparent implication 

of this finding is that children who are developmentally 

capable of conceptualizing space are also capable of 

dealing with space in a very abstract mode, and are not 

reliant upon concrete means of expression for displaying 

concept formation. 
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Recommendations for Future Research 

Since the topic of this study was new and 

previously unexplored, the methods used to study it were 

necessarily also new. Despite the overall success of the 

procedures employed to explore the space conceptualization 

of children, in retrospect many improvements could have 

been made in the study to increase the quantity and the 

diversity of the results it produced. 

The biggest question remaining unanswered concerns 

the relationship of this research to that of Piaget and 

Inhelder (1967), Towler (1970), and Cobb and Stoltman 

(1973). Although these studies appear to have been 

measuring the same development that this research did, 

verification of this assumption can only be made by 

testing a selected group of subjects over both the Three 

Mountain Task and the map task used for this study. Only 

this comparison will produce the paired data which will 

make it possible to determine if both tasks are in fact 

measuring the same thing. 

Educationally, the greatest improvements which 

could have been made would probably have involved having 

more standardized test data available. It would have been 

both interesting and useful to have been able to compare 

the subjects' mental ages to their performance on the map 

task. One might assume that if mental age is, in fact, a 

prediction of cognitive development that it should also be 
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predictive of space conceptualization. This comparison was 

not possible, however, because Tucson School District 

Number One has eliminated intelligence testing as a 

regular practice. 

As far as the test data that were available are 

concerned, an attempt should probably have been made during 

the random subject selection process to include only those 

subjects for whom scores were available on each appropriate 

test for their ages. This would have permitted the use of 

multiple regression analysis during the statistical testing 

portion of the study and would have produced a rank 

ordering of the relative predictiveness of each standard

ized test as well as correlation coefficients. Through 

this method, a total predictive value could also have been 

derived which would have assessed the overall ability of 

the variables for determining the presence of.space con

ceptualization with regard to single subjects. 

Also of interest would have been attempts to 

determine cultural or socioeconomic factors which might 

influence the appearance of space conceptualization within 

a given sample of children as well as comparisons between 

urban and rural children, children new to neighborhood and 

those who have spent their lives there, and children who 

walk to school versus those who ride. 

Overall, this study represents a small step toward 

determining how children attach order to their physical 
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surroundings. The cognitive processes involved whenever an 

individual interacts with his or her environment are too 

complex and too abstract to be measured directly. Instead, 

they must be measured peripherally through research like 

this, and like that of Blaut, Muir, Piaget, and others in 

order to assemble enough specific understandings to be 

able to generalize a broader understanding. It is only 

through this broad understanding of how individuals come 

to perceive and conceptualize their environments that 

meaningful efforts can be undertaken to improve these 

abilities and to help individuals be more aware of their 

environment and help them to interact more effectively 

with it. 
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Figure A.l. Erickson School Area 
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AERIAL PHOTOGRAPH OF JCELLOND SCHOOL 
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Figure B.l. Kellond School Area 
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Standardized Test Scores in Stanines 

Stanford Stanford 
Lorge- Metropolitan Stanford (Intermediate) Lorge- (Primary) 

Subject 
no. School 

Hap 
Task Gender Age 

Boehm 
Non-Verbal 

Thorndike 
Verbal 

Stanford 
Verbal 

Reading 
Achievement 

Reading 
Achievement 

Math 
Achievement 

Thorndike 
Non-Verbal 

Math 
Achievement 

i  Kellond Pass Female 08.04 8 NA 8 NA 7 NA NA NA 

2 Kellond Pass Female 08.05 8 NA 7 NA a NA NA NA 

3 Kellond Fail Male 08.02 4 NA 7 NA 7 NA NA NA 

4 Kellond Fail Female 08.03 NA NA 8 NA 8 NA NA NA 

5 Kellond Pass Male 08.02 NA NA 7 NA 9 NA NA NA 

6 Kellond Pass Male 08,00 3 NA NA NA 4 NA NA NA 

7 Kellond Fail Female 08.02 6 NA 4 NA 2 NA NA NA 

B Erickson Fail Male 08.03 NA NA NA NA NA NA NA NA 

9 Erickson Fail Female 08.01 NA NA NA NA NA NA NA NA 

10 Erickson Fail Female 08.01 6 NA NA NA NA NA NA NA 

11 Erickson Fail Male 08.01 6 NA NA NA NA NA NA NA 

12 Erickson Fail Female 08.01 5 NA NA NA NA NA NA NA 

13 Kellond Fail Hale 07.08 . 4 NA NA NA NA NA NA NA 

14 Kellond Pass Male 07.04 5 NA NA NA NA NA NA NA 

15 Kellond Fail Female 07.04 7 NA NA NA NA NA NA NA 

16 Kellond Fail Female 07,05 5 NA NA NA NA NA NA . NA 

17 Kellond Fail Male 07.01 6 NA NA NA NA NA NA NA 

18 Kellond Fail Male 07.01 6 NA NA NA NA NA NA NA 

19 Kello:id Fail Female 07.04 5 NA NA NA NA NA NA NA 

20 Erickson Pass Male 07.00 a NA NA NA NA NA NA NA 

21 Erickson Fail Male 07.04 2 NA NA NA NA NA NA NA 

22 Erickson Fail Female 07.05 7 NA NA NA NA NA NA NA 

23 Kellond Fail Female 07.08 4 NA NA NA NA NA NA NA 

24 Kellond Fail Female 07.06 NA NA NA NA NA NA NA NA 



Standardized Test Scores in Stanines 

Stanford Stanford 
Lorge- Metropolitan Stanford (Intermediate) Lorge- (Primary) 

Subject 
No. School 

Map 
Task Gender Age 

Boehm 
Non-Verbal 

Thorndike 
Verbal 

Stanford 
Verbal 

Reading 
Achievement 

Reading 
Achievement 

Math 
Achievement 

Thorndike 
Non-Verbal 

Math 
Achievement 

25 Kellond Fail Female 07. 09 3 NA NA NA NA NA NA NA 

26 Erickson Pass Male 07. oa 8 NA NA NA NA NA NA NA 

27 Erickson Fail Male 07. 06 3 NA NA NA NA NA NA NA 

2B Erickson Fail Male 07, 06 6 NA NA NA NA NA NA NA 

29 Erlckson Fail Female 07. 06 6 NA NA NA NA NA NA NA 

30 Erlckson Fail Female 07. ,08 3 NA NA . NA NA NA NA NA 

31 Erickson Fail Female 07, ,00 3 NA NA NA NA NA NA NA 

32 Erickson Fail Female 07, ,08 MA NA NA NA NA NA NA NA 

33 Kellond Pass Female 09. ,11 5 NA 5 NA • 6 NA NA 3 

34 Kellond Pass Male 09, ,04 6 NA 6 NA 7 NA NA 5 

35 Kellond Pass Male 09. ,05 5 NA 5 NA 8 NA NA 3 

36 Kellond Pass Male 09, ,05 NA NA NA NA NA NA NA 5 

37 Kellond Fail Female 09. ,08 NA NA 4 NA 4 NA NA 4 

38 Kellond Pass Female 09, .04 NA NA NA NA NA NA NA NA 

39 Kellond Fail Male 09, ,08 3 NA 6 NA 6 NA NA 3 

40 Kellond Pass Female 09. .11 6 NA 6 NA 5 NA NA 6 
41 Kellond Fail Female 09, .11 6 NA 6 NA 7 NA NA 6 
42 Kellond Pass Male 09, .09 5 NA 6 3 3 4 NA NA 

43 Kellond Pass Male 08, .07 9 NA 9 NA 7 NA NA NA 

44 Kellond Pass Female 08 .08 7 NA 8 NA 7 NA NA NA 

45 Kellond Fail Male 08 .11 5 NA 3 NA 3 NA NA NA 

46 Erlckson Fail Male 08 .07 5 NA NA NA NA NA NA NA 

47 Erickson Pass Female 08 .10 3 NA NA NA NA NA NA NA 

46 Erlckson Fail Male 08 .10 3 NA NA NA NA NA NA NA 



Standardized Test Scores in Stanines 

Stanford Stanford 
Lorge- Metropolitan Stanford (Intermediate) Lorge- (Primary) 

Subject 
No. School 

Hap 
Task Gender Age 

.Boehm 
Non-Verbal 

Thorndike 
Verbal 

Stanford 
Verbal 

Reading 
Achievement 

Reading 
Achievement 

Math 
Achievement 

Thorndike 
Non-Verbal 

Math 
Achievement 

49 Erlckson Fall Female 08.12 HA NA NA NA NA NA NA NA 

50 Erickson Pass Female 09.01 8 NA NA NA NA NA NA NA 

51 Erlckson Pail Male 08.09 6 NA NA NA NA NA NA NA 

52 Erickson Fail Male 09.02 NA NA NA NA NA NA NA NA 

53 Erlckson Pass Male 09.02 7 NA 7 NA 2 NA NA NA 

54 Erlckson Pass Female 09.04 6 NA 6 NA 5 NA NA NA 

55 Erickson Pass Female 09.05 NA NA NA NA NA NA NA NA 

56 Erickson Fail Male 09.03 4 NA NA NA NA NA NA NA 

57 Erickson Pass Female 09.06 9 NA 9 NA 6 NA NA NA 

5B Erickson Pass Hale 09.12 NA NA NA NA NA NA NA NA 

59 Erickson Pass Female 09.07 7 NA NA NA NA NA NA NA 

60 Erickson Pass Male 09.00 5 NA e NA 3 NA NA NA 

61 Kellond Pass Male 10.07 6 NA 5 6 6 5 NA NA 

62 Kellond Pass Female 10.10 6 NA 6 6 7 7 NA NA 

63 Kellond Pass Male 10.06 NA NA 9 5 7 6 NA NA 

64 Kellond Pass Female 10.00 NA NA 6 5 5 4 NA NA 

65 Kellond Pass Male 10.05 NA NA 7 8 9 7 NA NA 

66 Kellond Pass Female 10.04 4 NA 5 5 6 3 NA NA 

67 Kellond Pass Male 10.05 8 NA 8 6 7 5 NA NA 

68 Kellond Pass Male 10.02 9 NA 5 5 6 6 NA NA 

69 Kellond Pass Female 10.10 7 NA 7 4 5 4 NA NA 

70 Erickson Pass Hale 10.02 NA NA 6 NA 6 NA NA NA 

71 Kellond Fail Female 10.02 7 NA 9 7 7 7 NA NA 

72 Erickson Pass Female 10.06 8 NA 5 NA 3 NA NA NA 



Standardized TeBt Scores in Stanines 

Stanford Stanford 
Lorge- Metropolitan Stanford (Intermediate) Lorge- (Primary) 

Subject 
No. School 

Kap 
Task Gender Age 

Boehm 
Non-Verbal 

Thorndike 
Verbal 

Stanford 
Verbal 

Reading 
Achievement 

Reading 
Achievement 

Math 
Achievement 

Thorndike 
Non-Verbal 

Math 
Achievement 

73 Erlckson Fail Female 10. 07 9 NA 9 NA 8 NA NA NA 

74 Erlckson Pass Male 10. 01 3 NA 5 NA 4 NA NA NA 

75 Erlckson Fall Female 10, 08 3 NA 3 m 2 NA NA NA 

76 Erlckson Pass Hale 10. 02 3 NA 3 NA 2 NA NA NA 

77 Erlckson Pass Hale 10. 08 NA NA NA 5 NA 4 NA NA 

78 Erlckson Pass Female 10. 06 8 NA 8 NA 8 NA NA NA 

79 Erlckson Fail Female 10. 00 4 NA NA NA NA NA NA NA 

80 Erlckson Pass Hale 10. 01 9 NA 5 NA 4 NA NA NA 

81 Erlckson Fail Male 05. 03 NA NA NA NA NA NA NA NA 

82 Erlckson Fail Hale 05. 04 NA NA NA NA NA NA NA NA 

83 Erlckson Fall Male 05, ,09 NA NA NA NA NA NA NA NA 

84 Erlckson Fail Female 05. 00 NA NA NA NA NA NA NA NA 

85 Erlckson Fail Female 05.09 NA NA NA NA NA NA NA NA 

86 Erlckson Fail Female 05, ,05 NA NA NA NA NA NA NA NA 

87 Erlckson Fail Male 05, ,04 NA NA NA NA NA NA NA NA 

88 Erlckson Fail Female 05. ,09 NA NA NA NA NA NA NA NA 

89 Erlckson Fail Female 05, .08 NA NA NA NA NA NA NA NA 

90 Erlckson Fail Hale 05, .06 NA NA NA NA NA NA NA NA 

91 Erlckson Fail Female 06, .06 NA NA NA NA NA NA NA NA 

92 Erlckson Fail Hale 06, .06 NA NA NA NA NA NA NA NA 

93 Erlckson Pass Male 06, ,07 NA NA NA NA NA NA NA NA 

94 Erlckson Fail Female 06. .10 NA NA NA NA NA NA NA NA 

95 Erlckson Fail Female 06 .03 NA NA NA NA NA NA NA NA 

96 Erlckson Fail Female 06, .01 NA NA NA NA NA NA NA NA 



Standardized Test Scores in Stanines 

Stanford Stanford 
Lorge- Metropolitan Stanford (Intermediate) Lorge- (Primary) 

Subject Map Boehm Thorndike Stanford Reading Reading Math Thorndike Math 
No. School Task Gender Age Non-Verbal Verbal Verbal Achievement Achievement Achievement Non-Verbal Achievement 

97 Erickson Fail Male 06. 01 NA NA NA NA NA NA NA NA 

98 Erickson Pass Female 06. 01 HA NA NA NA NA NA NA NA 

99 Erickson Fail-Male 06. 01 MA NA NA NA NA NA NA NA 

100 Erickson Fail Hale 06. ,02 HA NA NA NA NA NA NA NA 

101 Erickson Pass Male 11. ,12 NA 6 7 6 6 6 6 NA 

102 Erickson Pass Male 11. >01 NA 5 NA 4 NA 2 5 NA 

103 Erickson Pass Male 11. ,08 NA 5 6 5 5 5 5 NA 

104 Erickson Pass Female 11. .09 NA 3 4 1 4 3 5 NA 

105 Erickson Pass Female 11. ,05 NA 6 8 6 7 6 7 NA 

106 Erickson Pass Male 11. .02 NA 2 4 1 3 1 3 NA 

107 Erickson Pass Female 11. .05 NA 7 7 7 6 5 8 NA 

108 Erickson Fail Female 11. ,04 NA 3 6 3 4 4 5 NA 

109 Erickson Pass Male 11, .04 NA 5 7 6 5 4 5 NA 

110 Erickson Pass Female 11. .01 NA 4 4 3 3 4 NA NA 



APPENDIX D 

RESEARCHER'S NOTES REGARDING 
DATA COLLECTION 

Due to the design of this study, the data gathering 

procedures employed to assess the subjects' performance 

with regard to the map task necessarily involved both a 

personal and an interactive relationship with the subjects 

being tested. For this reason, the following comments are 

being offered, both to detail this researcher/subject 

interaction and to add an anecdotal commentary for the 

benefit of anyone wishing to replicate these procedures. 

Whenever one attempts research involving human 

subjects, the researcher's interactions with those subjects 

must be carefully considered to avoid contamination of the 

desired data. This problem is traditionally controlled by 

establishing a series of researcher protocols which are 

designed to guarantee that each subject receives identical 

visual and verbal cues during the course of his or her 

interaction with the researcher. 

However, when a large amount of time is required 

for each subject to complete a given task, when a sub

stantial portion of the time allocated to complete the 

task is dead time (time necessary, in this case, to move 

toward a location, but not critical time in terms of the 

102 
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subject's cognitive involvement with the task), and when 

the continued interest and cooperation of each subject is 

critical to the outcome of the task, strict protocol 

becomes impossible to maintain. For these reasons, a more 

loose and personal approach was deemed necessary, 

At the start of this research, none of the one 

hundred ten subjects were personally known to me. Like

wise, to the children, I represented an interloper who 

desired to take them from their classrooms for a walk 

around the neighborhood. To smooth the introduction pro

cess, I elected to meet each child in his or her classroom 

and to introduce myself immediately as a visitor from the 

University who was in need of having some children to help 

me with a special project, I informed the children that I 

had a picture I wished them to look at, and that after 

looking at it I had an activity they could try if they so 

desired. When they responded to my introduction (either by 

speaking, smiling, grunting, nodding, or walking toward the 

door), I informed them that we would be going outside for a 

few minutes and that they should get their coats on if they 

thought they would need them. Once out the door, I handed 

each child the aerial photograph, asking him or her to 

carry it for me while I found a place outside where we 

could sit and talk. 

Most, but not all, of the subjects looked at the 

photograph as I led them to a predeterimined position for 
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instructions. Upon reaching this position I informed them 

that the photograph was, in fact, a picture of their school 

and school neighborhood and proceeded to identify with them 

many of the landscape features represented on the color 

print, I then told them that the photograph could be used 

as a map and asked them to help me find some place in the 

neighborhood which I was going to mark on the picture. I 

told them that we had permission to leave the school 

grounds and that I would help them cross any streets that 

they might need to cross. 

I then marked the first destination point and asked 

the subjects if they would "give it a try." All but one 

subject responded in the affirmative (again either by 

grunting, smiling, speaking, nodding, or beginning to walk). 

The one subject who declined my offer was a five year old 

at Erickson School. His declining consisted of the brief 

statement, "I can't do that," When asked if he would try 

anyway, he responded, "No." Approximately a week later I 

decided to try this student again. I feigned having for

gotten that he had participated before, and went through 

the entire procedure with him again. After my introduction 

he informed me that we had talked before and that he 

couldn't do the task. I asked if he would try anyway and 

this time he agreed. As it turned out, he clearly could 

not do the task, but made a reasonable effort despite the 

fact that he could not do it and knew that he could not. 
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Since all the subjects had agreed to at least 

attempt the task, I assumed that both interest and co

operation had been established. To maintain this condi

tion, I attempted to use nominal conversation as a social 

device during the task itself. To avoid sounding too 

intrusive, I kept most of my questions related to the task 

at hand. I asked the subjects if they had ever made or 

used "treasure maps," if they had used road maps, if they 

liked using the color photograph, etc, I also answered 

their questions about myself, such as where I lived, what 

I did, and if I had any children. 

To maintain the subjects' attention to the task, I 

periodically pointed to distinctive landscape features as 

we approached them and asked the subjects to find them, or 

our position, on the map. 

The main factors I had to consider during these 

conversations were (1) not giving verbal or physical in

formation to the subjects that might affect their per

formance, and (2) not distracting them unduly from the map 

task. The first was fairly easy to control by telling the 

students that I didn't live in the neighborhood, didn't 

know it very well, and was counting on them to show me 

around. This eliminated my having to give verbal cues. 

Many students, however, sought physical cues from my move

ments. To eliminate this non-verbal communication, I 

pretended to busy myself with my clipboard, I followed 
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whatever pace a subject established, and I always turned 

toward a student if he or she stopped to examine the map 

or the environment. Although several of the students were 

quite accomplished at reading personal cues, my continued 

attention to this factor, along with the complexity of the 

task, helped eliminate its effect. 

The second factor, distraction by small talk, was 

more difficult to control. It required my registering 

physical cues from each subject's behavior so as not to 

interrupt them when they were studying the map or the 

environment, and so as to be conscious of any indication 

that a subject was paying more attention to me and our 

conversation than to the map task, 

Although the net result of these factors is diffi

cult to assess, one effect that was obvious was in the 

area of cooperation. The subjects seemed to enjoy both 

the map task and the personal attention that they received 

during the activity (with many of them verbalizing these 

feelings). Many subjects volunteered to repeat the 

activity and, as word got around, numerous other students 

offered their services to me. 

With the subjects tested, the main problem con

cerning contamination probably occurred with the middle 

aged (seven, eight, and nine year old) children. This 

age child displayed the most attention overall to figuring 

out the task and also sought the most help and reassurance. 
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Both the younger and older subjects approached the task 

with greater confidence than did the middle age children. 

Whereas the younger children seemed to display random 

movement with destination identification coming primarily 

as a result of reaching the limits of their cognitive maps, 

and whereas the older children already possessed such de

tailed cognitive maps that they needed less information 

from their environments, the middle aged child seemed more 

deeply involved with all three map use factors (the aerial 

photograph, the environment, and their cognitive maps). 

These children were, by far, the most fascinating subjects 

to watch. Many would rotate the map as they turned corners 

in an attempt to keep it aligned with their environment. 

Some would continually move their fingers over the map's 

surface along the course they had just walked, as though 

attempting to maintain physical contact with their own 

past, and several made running commentaries comparing 

colors on the photograph to colors in the environment. 

My personal conclusion from this research is that 

had I intended to teach children to use a map, my most 

profound results would have occurred with the seven to nine 

year olds. These subjects worked hardest at the task. 

They comprehended the task, they could read the photograph 

and read their environments, and they needed assistance 

only at integrating the three into their cognitive maps. 

If test effect was a factor anywhere, it was with these 
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students. It is possible that some of them may have 

learned how to use a map just by virtue of having had the 

opportunity to try. Others may have performed better if 

retested a short time after their initial experience, and 

many, I feel, could have easily been taught to use the map 

successfully had instruction been my intention. 
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