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ABSTRACT 

Childrens' spatial ability has been studied from developmental 

and differential psychology orientations and by information-processing 

theorists. No unified means of examining spatial ability has been 

attempted by investigators. The focus of this research is thus based 

on the integration of developmental predictions with a processing model 

created to generate and test hypotheses regarding certain spatial com

petencies of young children. Of primary interest was how young chil

dren perform depending on the dimensionality of the spatial materials 

utilized in the experimental task. 

One hundred and sixty 4 and 6 year old children were randomly 

selected for one of four treatment conditions with age and sex dis

tributed equally in each condition. Spatial materials were presented 

in either two or three dimensions and subjects were required to judge 

whether a response item also presented in two or three dimensions 

matched the stimulus display. Across-versus within-dimensional per

formance was therefore compared in a single study. Five displays were 

presented ranging in difficulty from simple to complex. Response 

materials consisted of a correct match to the stimulus item and four 

error types. Types of errors included a geometric violation (in which 

the objects in the display were unconnected at one point), a depth 

violation (lack of the depth dimension), a 90° or 270° rotation 

violation and a 180° violation. These last two violations were 
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considered orientation errors similar to those children exhibit on 

perspective-taking tasks. 

Three separate analyses of variance were performed on the data. 

Results from each of these analyses indicated that six year old chil

dren significantly outperformed four year olds in all conditions. 

However, of importance to developmental psychology was the finding 

that all subjects performed as well as they did on a task thought to 

be quite difficult. Also reiterated in these analyses was the result 

that within-dimensional performance was significantly better than 

across-dimensional ability for all subjects. 

Analysis of display complexity revealed that there was 

differential success for the subjects based on the complexity of the 

display. Errors analysis indicated that the rotation and reflection 

foils created the most difficulty for subjects. This finding was 

reiterated in the Age X Foil Type interaction and Sex X Stimulus 

Dimension X Response Dimension X Foil Type interaction, in which four 

year olds' relative inability to perform on these errors as compared 

to six year olds was shown. This suggest that the ability to cor

rectly discriminate orientation occurs late in the developmental 

sequence. 

While no main effect for sex was indicated by any of the 

analyses, there was an interesting finding as a result of the Sex X 

Stimulus Dimension X Response Dimension X Foil Type interaction. 
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When across-dimension performance was examined, it was found that 

males made relatively more errors of an orientation type than females, 

exhibiting a possible lack of attention to the provided facilitative 

reference frame. 

Results were further discussed in terms of predictions from 

the hypothetical model and in regard to developmental issues. 

Limitations of the work were also discussed. 



CHAPTER 1 

INTRODUCTION AND REVIEW OF LITERATURE 

Introduction 

An ability currently of great research interest to psy

chologists involves the processing of spatial information. Part of this 

interest stems from the finding that females generally perform more 

poorly than males on tests which assess spatial reasoning and ability 

(Maccoby and Jacklin, 1974; Fennema and Sherman, 1977). Furthermore, 

Fennema (1977) has suggested that the ability to visualize spatially 

is one of the most important factors related to the sex differences 

noted in mathematics achievement. Females' poorer ability in the 

spatial area may be restricting them from entering male-dominated 

fields such as architecture and engineering, design fields which re

quire a high degree of spatial representation and certain specialized 

mathematics courses as prerequisites. The study of this spatial 

component becomes important, therefore, in determining the factors 

which may be restricting females from gaining as much knowledge as males. 

Spatial abilities have been profusely researched from many 

different theoretical perspectives. Developmental psychologists have 

given attention to the relationship between age and the acquistion of 

spatial competencies (Piaget and Inhelder, 1956), information-processing 

theorists have focused their attention on the individual processing 

components which comprise spatial ability (Shepard and Metzler, 1971; 
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Shepard and Feng, 1972), and mathematics educators have emphasized 

the relationship between spatial ability and mathematics, directing 

attention to the discrepancy between males and females on measures of 

spatial aptitude. Differential psychologists are also interested in 

this latter aspect, and have applied factor analytic techniques in an 

attempt to more clearly specify this ability (Lohman, 1979a). A sig

nificant amount of data gathered from these different areas exists but 

ultimately remains uncoordinated and unintegrated, resulting in neither 

a comprehensive theory of spatial development consistent with the em

pirical evidence, nor a comprehensive theory of spatial processing it

self. The data base is piecemeal at best and is particularly lacking 

in regard to young children's spatial ability. 

In general, the existing literature can be viewed as repre

senting two major approaches. These are the developmental approach, 

best represented by Piaget and his associates, and the information-

processing approach, augmented by descriptive support provided by dif

ferential psychology. The developmental approach presents a structural 

organization of spatial ability, originating from an age/stage per

spective of spatial knowledge. Data emanating from this position 

provide tentative developmental progressions which can be expected, 

descriptive information regarding children's performances, and tasks 

which can be used to evaluate this developmental progress. However, 

structural models are insensitive to explanations of why and how 

changes in spatial ability occur since they omit process specification. 



Structures serve as metaphors which, while giving heuristic impetus 

for research (Brainerd, 1981), offer little in the way of explanation. 

Data and conclusions from differential psychology also offer 

descriptive information pertaining to spatial abilities. However, 

these results are weak in that" they do not illuminate either process 

or developmental sequence. Information-processing approaches, on the 

other hand, do provide process insight, but primarily examine adults, 

are fragmented, and rarely address developmental problems. Each of 

these avenues offer something valuable, but there is a need to inte

grate the fragmented evidence into a more comprehensive approach to 

spatial development, abilities, and problem-solving. Therefore, what 

seems to be required is a research perspective which unites 

developmental-structural formulations with an information-processing 

orientation. 

The focus of the research presented here is thus based on 

the combination of developmental predictions with an information-

processing model used to generate and test hypotheses regarding the 

spatial abilities of young children. The specific focus of this study 

is on young children and their emerging abilities; on those perform

ances which descriptive developmental data would suggest are prob

lematic for these children; and finally, on models of how these 

problems would be treated by subjects. It is hoped that this approach 

will aid in illuminating an incompletely understood, if over-researched, 

cognitive capacity. 
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Review of Relevant Literature 
and Theoretical Rationale 

Knowledge of Developmental Phenomena 
and Piagetian Space Research 

Those aspects of Piagetian theory related to children's 

notions of space have directed much current research. In the Child's 

Conception of Space (1956) Piaget and Inhelder introduced their 

investigations of three types of spatial representational phenomena 

in children. The first type is organized on the basis of topological 

space, which considers characteristics of objects in isolation. The 

second investigates projective spatial relations, where an object or 

group of objects is considered in relation to a coordinated system of 

perspectives. The final type, examinations of concepts in Euclidean 

space, emphasizes the quantitative measurement of proportion and 

distance. 

Piaget denotes concepts of topological space as being primitive 

in nature and associated with the younger child, remaining the basic 

characteristic of the child's thinking until approximately four years 

of age. This stage is followed by the concurrent, interdependent emer

gence of projective and Euclidean concepts which derive from the ear

lier topological notions. The last step in the developmental sequence 

is achieved at approximately eleven years. At this point the child 

purportedly can accurately measure abstract objects in accordance with. 

Euclidean characteristics. The young child's spatial system is there

fore considered to be first organized not on the basis of Euclidean 

properties but rather on topological ones. Piaget and Inhelder (1956, 
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1971) introduced novel tasks which differentiate those children with 

a mature conceptualization of space from individuals with less mature 

ones, and which at the same time reveal the young child's lack of 

sophistication with Euclidean characteristics. 

Piaget's formulations pertaining to children's spatial 

awareness and representation have been met with both research support 

and refutation. Methodological differences are at least in part re

sponsible for the widely discrepant results that have been reported. 

Those studies designed to replicate Piaget and Inhelder's (1956) work, 

and which lend support to it, have utilized relatively similar stimuli 

(Laurendeau and Pinard, 1970; Dodwell, 1963; Cox, 1978). 

Using tasks almost identical to Piaget's, Laurendeau and Pinard 

(1970) corroborated his findings, also speculating that a fully elab

orated understanding of spatial relationships is not achieved by the 

child until almost fourteen years of age and may actually derive from 

formal thought. Dodwell (1963) confirmed the types of thinking and 

problem solving outlined by Piaget and Inhelder (1956), but found it 

impossible to assign any child to a particular stage of development, 

in addition to a failure to determine any clear-cut progression from 

one type of spatial thinking to another. Conversely, in examinations 

of topological space, Kapadia (1974) argued that Piaget and Inhelder's 

description of the characteristics of topological relations is mathe

matically incorrect. Also, Martin (1976a) employed empirical evidence 

to dispute the notion that projective and Euclidean concepts derive 

from the original topological notions. 
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A classic task utilized to investigate Euclidean space is the 

water level problem, which examines the child's ability to display 

comprehension of a conceptual coordinate system. This task involves 

problems that deal with the principle that water remains gravitation-

ally horizontal regardless of the tilt of the water's container 

(Piaget and Inhelder, 1956). Research suggest that young children per

form poorly on this task (Abravanel and Gingold, 1977; McGillicuddy-

DeLisi, DeLisi and Youniss, 1978). Even subjects in late childhood 

and adolescence appear to have difficulty (Liben, 1978). It has been 

suggested that knowledge of the horizontal coordinate is a necessary 

but not sufficient condition for exhibiting knowledge that the surface 

of the water is invariantly horizontal (McGillicuddy-DeLisi et al., 

1978). 

Perhaps the most controversial aspect of Piagetian theory 

related to spatial representation focuses on the coordination of per

spectives, operationalized by the three mountain problem. This ability 

is examined by asking the child to indicate the position in which a 

doll would have to be sitting in order to have taken an particular 

picture of a three-dimensional mountain scene. Three levels of task 

accomplishment have been distinguished by Piaget. Young children four 

to five years of age cannot discriminate and coordinate the relation

ship between the "viewed" and the "point of view", but respond by 

choosing the alternative consistent with their own perspective, or 

the egocentric response. Transitional children Csix to seven years 

old) seem to recognize the uniqueness of differing perspectives, but 



cannot determine the particulars of another's view; they make errors 

of an essentially random variety. Genuine comprehension is not evi

denced until age nine and even later as task difficulty increases. 

In exhibiting comprehension the child must discriminate reflections 

and rotations of the objects, a projective feature, and associate 

them with a single viewpoint (Piaget and Inhelder, 1956). 

These claims for a developmental progression have been 

rebutted by Borke (1975) who utilized the actual stimulus objects on 

a movable turntable as response items, as opposed to Piaget's use of 

two-dimensional pictures of the actual objects. Borke (1975) found 

that children indicate little egocentrism beyond four years of age on 

this task. The early decline in spatial egocentrism has been supported 

by other studies (Masangkay, McCluskey, Mclntyre, Sims-Knight, Vaughn 

and Flavell, 1974; Horan and Rosser, in press). These authors conclude 

that spatial egocentrism is not a necessity for the young child; rather 

it is a response pattern dictated by requiring the child to perform a 

task that is too difficult. When the cognitive aspects of the classic 

task are considered, young children's lack of success is not surprising 

The child must first recognize and retain the spatial relationship with 

in the original display. After identifying these relationships, they 

must be held constant as the display is reoriented in space. If the 

child cannot separate these two relationships, those among the objects 

and the relation of the objects to the spatial field, failure will re

sult. When the child is also required to transform a three-dimensional 

stimulus to a two-dimensional response, additional confounding may 



occur. It is therefore, not remarkable that young children experience 

difficulty with this task; determining the exact cause of that diffi

culty, however, is more complex. It is probable that attributing the 

difficulties children experience to "egocentrism" should be questioned; 

in any case, it is not a particularly helpful concept in the deter

mination of what children can do. 

Piaget has attracted the developmental community to exam

inations of young children's emerging spatial notions by positing a 

possible sequence of organizing ability. However, the preceding dis

cussion indicates the difficulties with this approach, which involves 

the controversy regarding the overall sequence, and the specificity of 

the tasks. Those tasks designed to determine whether the young child 

organizes space via a topological or Euclidean system indicate support 

for the topological system (Piaget and Inhelder, 1956; Laurendeau and 

Pinard, 1970). However, more recent evidence suggests that these two 

systems cannot be easily separated and remain confounded in the 

Piagetian tasks (Martin, 1976a, 1976b). It is possible that the 

overall sequence (topological->-projective-Euclidean) is inaccurate. 

This in turn raises questions as to the age sequence posited by Piaget. 

If the tasks utilized by researchers are difficult even for older 

children (Liben, 1978), it is possible that the age expectancies pro

posed for task accomplishment underestimate children's actual abilities. 

If investigators are concerned with children's developing skills, it 

appears that a different kind of task is required. 



The Piagetian tasks require both knowledge of the spatial 

relationships among the objects, and knowledge of the relationship 

between the objects and space as a repository for those objects. In 

the coordination of perspectives task those components are confounded; 

failure on the overall task does not indicate which element is most 

problematic (Rosser, Horan, Campbell, Mattson, Mazzeo and Swarner, 

1980). In addition, crossing from a three-dimensional stimulus array 

to a two-dimensional response is typically required (Piaget and 

Inhelder, 1956; Dodwell, 1963; Laurendeau and Pinard, 1970). In the 

experimental task the child is generally presented with a static array 

of three-dimensional objects and two-dimensional representations such 

as drawings or photographs which depict possible or impossible perspec

tives of the array. On each trial a particular viewing position or 

perspective of the array is designated by the experimenter and the 

child is asked to point to the representation which looks like what can 

be seen from that perspective. When the perspective is the same as the 

child's, the task supposedly involves perceptual recognition factors, 

but when the perspective is different than the child's, conceptual fac

tors are said to be emphasized (Mclntyre, Vaughn and Flavell, 1973). 

One study has compared the ability of children to coordinate 

perspectives using two- and three-dimensional choice stimuli (Nigl and 

Fishbein, 1974). It has long been hypothesized that it is more diffi

cult for children to extract distinctive features from photographs than 

from objects (Gibson, 1969). Nigl and Fishbein (1974) examined this 

hypothesis in kindergarten and fifth grade subjects. 
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For the two-dimensional condition the choice stimuli consisted of 

photographs, and for the three-dimensional condition the choice stimuli 

were identical to those used in the stimulus arrays. Results indicated 

that kindergarten children viewing the frontal, or egocentric position, 

and receiving the three-dimensional choice stimuli performed better than 

the group receiving photographs, but there was no significant difference 

between the two groups at the non-frontal positions. For the fifth 

graders an opposite pattern was found. The type of choice stimuli had 

no significant effect on performance at the frontal position, but the 

three-dimensional group performed significantly better than the group 

given photographs at the non-frontal positions. While the authors 

interpreted these findings as giving support to a conceptual factor 

being involved in perspective coordination, it does appear that 

children were better able to perform on this task when three rather 

than two-dimensional choice stimuli were employed. 

Another investigation of perspective taking skill further 

analyzed the child's ability to cross dimensions (Rosser et al., 1980). 

In this study, not only were two- and three-dimensional choice stimuli 

employed, but the stimulus array was also presented in two- or three-

dimensions. In the first treatment condition subjects were presented 

with a two-dimensional stimulus and asked to respond utilizing a three-

dimensional choice item. The stimulus materials consisted of either 

photographs or drawings of the four perspectives of an array. The 

subjects were required to point to the side of a three-dimensional 

array of the objects which matched that of the presented drawing or 



photograph. The second condition involved the presentation of 

three-dimensional stimulus arrays with subjects asked to respond on a 

two-dimensional response item of either drawings or photographs. The 

experimenter designated a particular viewpoint and asked the child to 

point to the correct representation of that viewpoint. Results indi

cated that, while there was no main effect for the direction of the 

transformation, the three-dimensional stimulus to the two-dimensional 

response group performed significantly better at the frontal position. 

When the stimulus materials were presented two-dimensionally and re

sponded to in three-dimensions, the non-frontal positions were easier 

for the subjects. Also of interest was the youngest childrens' 

apparent inability to succeed at all on this task. Four-year-old 

subjects performed only slightly above chance even when required to 

only identify the correct match at the frontal position. Although no 

definite statements can be made as a result of this study, it does 

indicate that there may be differential performance according to the 

dimension of the stimulus and/or response materials. 

Results obtained from these perspective-staking studies indicate 

that the dimensionality factor most likely plays an important role in 

this ability. This further points to the confounding inherent in these 

tasks. Both the perspective and water level tasks, in addition to 

being confounded in nature, have been criticized as being much too 

complex for young children (Rosser et al., 1980). To achieve a correct 

response on these tasks, the child is required to exhibit a full 



understanding.and coordination of a number of features. Identifying 

specific skill components associated with emerging spatial performance, 

prior to full understanding, would be more fruitful in determining 

children's developing spatial abilities. Other work has examined a 

limited number of skill components, such as the orientation of a 

straight line (Bryant, 1969, 1973; Berman, Cunningham and Harkulich, 

1974; Berman, 1976; Berman and Cunningham, 1977; Hock and Hilton, 

1979). Although most of these authors agree that young children 

experience the greatest difficulty in discriminating mirror-image 

oblique lines, an explanation for this effect has not been determined. 

The frame of reference provided for these lines has been hypothesized 

to be a determining factor in young childrens' ability to discriminate 

and reproduce the correct orientation, a factor not considered by some 

authors (Bryant, 1969, 1973; Hock and Hilton, 1979). The use of a 

facilitative reference frame has not been addressed when classic 

Piagetian tasks are utilized either. However, as opposed to the 

Piagetian tasks, which require a mature understanding of conceptual 

space, the line orientation tasks generally tap a single spatial 

feature. Therefore, Piaget on the one hand, and Bryant (1969, 1973) 

and Berman et al. (1974, 1976, 1977) on the other, represent the ex

treme positions when examining the child's emergent abilities, rather 

than the gradations in between. 
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It can be concluded from this discussion that difficulties 

exist when utilizing the Piagetian framework in the study of spatial 

abilities. Major problems involve the overall developmental sequence 

of spatial representation, and the ages at which successful task com

pletion occur. The tasks previously used to determine these components 

have either been too complex and/or confounded, or too simple to ex

plicate a wide enough range of emerging abilities. Therefore, a need 

exists for unconfounded tasks which are a match with the actual abil

ities of young children. With these tasks it would be possible to 

determine in a specific manner what spatial features are salient or 

problematic for children. The perspective-taking literature indicates 

the necessity for investigations into how the dimensionality of spatial 

materials affects children's performance, and is thus a good example 

of why improved tasks are required. 

Knowledge of Spatial Abilities and Attribute 
Characteristics—Research from Differential Psychology 

Differential psychology has provided a significant amount of 

research contributing descriptive information related to spatial abil

ities. Although little of the literature in this area provides direct 

theoretical support of a developmental or process-related nature, it 

nevertheless should be considered when investigating spatial competency. 

This body of research gives some indication of the problems experienced 

by children in dealing with spatial materials. If these problems are 

similar to those found in the other approaches to spatial ability, 

support for the further study of these difficulties would be provided. 
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The literature in this area has been directed at more practical 

or applied considerations as compared to those of developmental or 

information-processing theorists. While Piaget has presented one 

approach to the study of spatial ability, differential psychology has 

utilized results from factor analytic research as another organizing 

method. Lohman (1979a) has specified three major factors in an exten

sive review and reanalysis of the factor analytic literature. All 

three spatial factors require some type of mental transformation. The 

first factor is labeled "spatial relations", which has as its common 

element the mental rotation of a visual stimulus. Tests involving this 

factor generally measure latency or speed of performance in mentally 

rotating or reflecting a simple visual stimulus (e.g., Shepard and 

Metzler, 1971; Marmour, 1975). "Spatial orientation" involves the 

ability to imagine how a stimulus array will appear from another per

spective. Piagetian tests of the coordination of perspectives are 

examples of this factor. Lohman (1979a) states, however, that in the 

true spatial orientation test the subject must imagine that they are 

reoriented in space, and then make some judgment about the situation. 

There is often a right-left discrimination component in these tasks, 

but this discrimination must be made from the imagined perspective. 

This factor is considered difficult to measure since tests designed 

to tap it are often solved by mentally rotating the stimulus rather 

than reorienting an imagined self (Lohman, 1979a). 
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The final factor, "spatial visualization," involves the 

ability to mentally manipulate and twist two- and three-dimensional 

objects. Tests that load on this factor, in addition to their spatial-

figural content, are usually administered under relatively unspeeded 

conditions and are much more complex than those fitting the other des

criptions. Experimental tasks relating to this factor include the re

production of visual displays, or the mental unfolding of complex geo

metric shapes (Brainerd and Heuvel, 1974). Spatial visualization as a 

factor appears to be the most robust (Lohman, 1979a). It is involved 

in various perceptual-cognitive tasks requiring the mental transfor

mation of visual images and has been shown to be important for success 

in college mathematics, especially geometry and algebra. The most out

standing characteristic of spatial visualization, therefore, involves 

the mental manipulation and transformation of two- and three-dimensional 

objects. 

Transformation ability, found within the spatial visualization 

factor, has been shown to be of two types (Lohman, 1979a). The first 

is labeled "mental movement." Reflecting, rotating, folding, or simply 

imagining that a stimulus is moved from one position in an array to 

another are all varieties of mental movement. The second type of trans

formation is designated "construction" by Lohman (1979a). Two types of 

mental construction were identified: reproduction, involving an actual 

physical construction; and combination, which requires a mental con

struction. At the simplest level, reproduction is represented in tests 

such as Thurstone's (1938) copying, where the subject must correctly 



copy a stimulus design. At the next level it is represented by tasks 

similar to those devised by Rosser et al. (1980), where an array must 

be reproduced, not just recognized, and the reproduction must be an 

accurate representation of the stimulus. 

In the mental construction tasks the subject is said to 

construct a mental image, usually reorganizing the stimulus in a new 

way. Mental construction is an important component of many complex 

spatial tasks (Lohman, 1979a). Shepard and his associates have pro

vided perhaps the most detailed account of the mental transformation 

of visual objects (Shepard and Chipman, 1970; Shepard and Feng, 1972; 

Metzler and Shepard, 1974; Cooper and Shepard, 1975). They have shown, 

for example, that the time required for performing an instructed trans

formation is a linearly increasing function of the number of foldings 

required for determining whether arrows on two sides will meet when a 

flat six-sided figure is folded into a cube (Shepard and Feng, 1972) . 

Psychologists have been particularly interested in spatial 

visualization and orientation since male superiority on tasks requiring 

these abilities is one of the most persistent individual differences 

found in the literature (Anastasi, 1958; Sherman, 1971; Maccoby and 

Jacklin, 1974; McGee, 1979). Many studies exhibiting sex differences 

on tests of spatial visualization and orientation, as well as on tasks 

requiring these abilities, indicate that differences do not reliably 

appear until puberty (Emmett, 1949; Fructer, 1954; Maccoby, 1966; 

Harris, 1978). However, differences have been reported in younger 



samples with boys typically showing superior performance (Maccoby and 

Jacklin, 1974). Further evidence for differences in preadolescents is 

particularly sparse (Fairweather, 1976). The issue of preadolescent 

sex differences is relevant to theoretical attempts to explain ob

served differences. A lack of differential performance in younger 

children is seen by some as evidence for an environmental etiology 

(Sherman, 1977; McGee, 1979). 

The general acknowledgment of sex differences in spatial 

abilities at any age has recently come under attack (Armstrong, 1979). 

Results from this national survey of mathematics participation and 

achievement indicated that thirteen year old females started their high 

school program with at least the same mathematics ability as males. 

Armstrong (1979) further states that these females were better at com

putation and spatial visualization than their male counterparts. She 

concludes that their problem solving skills were nearly equal and did 

not decrease over their high school career if participation in mathe

matics courses was held constant. However, the test and survey items 

utilized to make these determinations can be considered suspect. For 

example, the spatial visualization test consisted of fifteen randomly 

selected items from the Minnesota Paper Form Board Test (Armstrong, 

1979). This test hardly exhausts the range of possible, and perhaps 

separate abilities comprising spatial visualization. Therefore, it 

appears that methodological inconsistencies in the literature concerned 

with sex differences have produced equivocal results. The age of the 

subjects and the types of tasks used for assessment are important 
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variables influencing whether or not differences are found (Fairweather, 

1976). 

It has been argued that spatial aptitude is not a well-defined 

construct in terms of psychological process variables (Lohman, 1979a, 

1979b). Factor analytic studies of group test batteries have typically 

been used in the past to specify the spatial domain (Lohman, 1979a, 

1979b; McGee, 1979, 1980). The underlying rationale of factor analysis, 

while not directly investigating psychological process variables, is an 

assumption that the shared variance accounted for by a particular factor 

indicates some psychologically meaningful process common across subjects. 

If males outperform females on tests that load heavily on spatial visual

ization, for instance, they are said to be better at the psychological 

ability identified by that factor. It is, therefore, assumed that in

dividuals solving spatial visualization tasks are all utilizing the same 

cognitive processes. Lohman (1979a) doubts this assumption, questioning 

how related specific factors actually are to certain psychological pro

cesses. These doubts are based on the finding that different subjects 

varied their strategies for solving items related to a specific factor; 

some reported spatial strategies, others reported utilizing verbal-

analytic means. Individual subjects also reported solving items within 

a test by different means depending upon item complexity. Therefore, 

the relationship between spatial visualization as a factor, for example, 

and some underlying psychological process known as spatial ability is 

not necessarily demonstrated. However, the factors identified by Lohman 

(1979a) appear to be the most prevalent ones in the spatial area. 



Therefore, with the former qualifications in mind, this section will 

present a review of evidence of sex differences on spatial tasks at 

both the pre- and post-adolescent levels, with particular attention 

given to those studies investigating spatial orientation and visual

ization factors. 

The issue of sex differences in spatial ability emerged from 

evidence given from the standardization of group intelligence tests. 

The majority of the cases involved the spatial visualization factor, 

and all employed subjects 16 years or older. For example, Bennett, 

Seashore and Wesman (1974) have reported a male superiority on the 

space battery of the Differential Aptitude Test, which primarily con

sists of visualization tasks. A significant difference in favor of 

males in the 1955 standardization sauple for the Block Design subtest 

of the WAIS was also found (Matarazzo, 1972). 

The extent to which spatial ability enters into mathematics 

learning has been suggested by validity studies. Hills (1957) inves

tigated the relationship between various aptitude tests and criterion 

performance in college maithematies... The assessment battery included 

two spatial tests, one of visualization and one of orientation, from 

the Guilford-Zimmerman Aptitude Survey (Guilford and Zimmerman, 1953). 

These two spatial tests had relatively high correlations with course 

performance compared to the verbal and reasoning tests administered, 

suggesting a greater relative importance of spatial ability then verbal 

ability in college mathematics. The space subtest of the DAT 

(Bennett et al., 1974), mentioned earlier, also is predictive of success 
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in school geometry and quantitative thinking. More recently, 

Eisenberg and McGinty (1977) have shown that spatial visualization test 

scores are higher among students in calculus courses than in other 

college courses. Male superiority in understanding geometric principles 

and concepts has been reported, and Smith (.1964) suggests that the 

apparent sex differences may be an indication of differences in spatial 

ability, reflecting a better capacity on the part of males to perceive 

and recognize patterns within the conceptual structure of mathematics. 

It has long been an accepted belief that males achieve better 

in mathematics than females (Maccoby and Jacklin, 1974). However, it 

has been indicated that this belief is based on studies that have not 

controlled one of the most important variables in achievement in 

higher level mathematics; that is, the previous study of mathematics 

(Fennema, 1974; Sherman, 1975). Fennema and Sherman (1977) devised a 

study controlling this variable, and which investigated the empirical 

relationship between spatial visualization ability and mathematics 

achievement, and the relationship between visualization and any sex-

related differences in mathematics achievement. The space relations 

subtest of the DAT (Bennett et al., 1974) was used to measure spatial 

visualization. At the high school level, no difference was found 

between the sexes in mathematical problem solving in the ninth grade. 

Small differences in favor of males were found in mathematics achieve

ment at two of the four schools included in the sample. However, the 

authors report that the difference between the sexes did not increase 

with age or difficulty of the material. In addition, with control of 



previous math background taken into account, the extent of differ

ences between males and females was very small, in terms of the small 

percentage of variance accounted for (Fennema and Sherman, 1977).. It 

was also found that spatial visualization skills are important to the 

learning of mathematics, and if the variation in the number of space-

related courses taken was eliminated, there was no sex difference on 

this factor. Therefore, the reported sex differences in spatial 

visualization should be investigated further. 

Some evidence exists for post-adolescent differences on the 

spatial orientation factor. Yen (1975) reported an advantage for males 

on a mental rotation test. McGee (.1978) closely examined the influence 

of learning and practice on sex differences in mental rotation test 

scores. He argues that an increase in mean performance after training 

on spatial tasks, even if it were a consistent finding, does not ex

plain the widely documented sex difference in spatial performance. If 

it is assumed that the female deficit in spatial abilities results from 

differential learning and that males are closer to the asymptote of 

their ability than females, than females should respond more favorably 

than males to training. In this study McGee (1978) examined the 

hypothesis suggested by Fennema and Sherman C1977) of a differential 

response to drawing and practice by females in comparison to males. 

College-age subjects completed the Mental Rotation Test originally 

constructed by Vandenberg (.1975) on two separate occasions, receiving 

training on the task between' testing sessions. McGee (1978) reported 



that there was no improved response from training by females in com

parison to males, with females benefiting less than males from training 

and practice. However, the training procedure consisted of a one hour 

lecture on spatial abilities, hardly an endeavor promoting increased 

spatial skills. 

This discussion of possible sex differences in post-adolescent 

subjects' ability on spatial tasks indicates the need to exert some 

type of control of a subjects' past experience. One method of doing 

this is to examine younger subjects. At pre-adolescence there is 

little evidence to substantiate the claim of male superiority. 

Fairweather (1976) reviewed several studies, most of which relate to 

the visualization factor, indicating an absence of sex effects. The 

little evidence that does exist for pre-adolescent sex differences 

does not focus on any one spatial factor. Coie and Dorval (.1973) 

reported a male advantage on a perspective taking task. A similar 

result was found on the Piagetian water level task (Liben, 1974). 

One study attempted a systematic investigation across grades two 

through seven in an attempt to clarify the sex difference issue and 

to investigate the relationship between spatial abilities and mathe

matics achievement (Guay and McDaniel, 1977). High level spatial 

visualization was measured with tests based on the Piagetian notions of 

the coordination of perspectives and ideas of surface development. 

A positive relationship was found between math achievement and spatial 

visualization skills even at the elementary school level. 



In addition, a significant effect for sex was found across grade 

level on these tests, with the difference consistently favoring boys. 

It is interesting to note that when sex differences were 

found in young children, it was with the Piagetian-type tasks pre

viously criticized. The complexity of these tasks and their con

founded nature in examinations of young children's spatial ability 

clouds the sex differences issue. Greater task specificity is re

quired to more fully explicate possible differences. 

As previously discussed, conclusions derived from the 

differential psychology literature do little to expand knowledge of 

developmental sequence. However, the relationship between spatial 

visualization and mathematics achievement exhibited in this work 

appears to be a reliable one. Within the spatial visualization factor, 

it seems that transformational ability, or the ability to mentally 

rotate and reflect spatial materials is most problematic for individ

uals. It should be made clear that other researchers have labeled this 

ability "orientation", which is not consistent with Lohman's (1979a) 

formulations but must be considered nonetheless. Perhaps tasks which 

more closely examine this ability may resolve the discrepancy. 

Information-Processing Research 

Theorists in this area are primarily concerned with the process 

by which stimuli are encoded and retained in memory. In the visual 

area, various models have been presented which are considered analogs 

of the strategies employed by individuals in this process. 
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From this perspective, the process of identifying the spatial re

lationships embedded in a display is a function of both the individ

ual ' s ability to perceive and to represent specific information about 

spatial characteristics. Specification of the processes involved in 

spatial competency and what aspects of a spatial display are salient 

has been attempted by a number of researchers. 

Shepard and Metzler (1971) investigated the role of the 

internal representation aspect by measuring the response latency of 

college students required to recognize that two perspective drawings of 

geometric forms were either the same or different. The degree of an

gular separation between the two views forming a pair varied through a 

range of 0° to 180° by 20° increments about the vertical axis for orien

tation in depth, and with the same range around the line of sight for 

orientation in the picture-plane pairs. Reaction time for the "same" 

pairs increased as a linear function of the angular difference in dis

played orientation. The authors suggest that shape comparison was ac

complished by a mental rotation to congruence of a three-dimensional 

internal representation of one of the presented two-dimensional drawings. 

Utilizing a similar strategy, Marmour (1975) assessed the 

ability of five and eight year olds to determine the equivalence or 

non-equivalence of two panda-bear shapes, differing in orientation 

o o 
ranging from 0 to 180 in rotation. Reaction time increased linearly 

as a function of rotation degree in both age groups, suggesting that 

rotation of a mental representation may be the strategy by which both 
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adult (Shepard and Metzler, 1971) and younger subjects perform the 

judgement task (Marmour, 1975) . 

In a study mentioned briefly before, Shepard and Feng (1972) 

found that the time required for performing a transformation is a 

linearly increasing function of the number of folds required in the 

process of folding a flat figure into a cube. A mental analog of a 

physical folding-up process was postulated as the most probable strat

egy adopted by college-age subjects in their performance. Metzler and 

Shepard (1974) elaborated on the nature of this analog, describing the 

internal representation as embodying important features of the three-

dimensional object, relative to a particular viewpoint, that would not 

be present in a two-dimensional projection of that object. They fur

ther stated that those features unique to the two-dimensional pro

jection of the object, with the exclusion of the particular perspective 

of the viewed object, have little influence on the internal process. 

Interestingly, although no systematic attempt was made to examine sex 

differences in this work, in this last study the slope of the reaction 

time functions tended to be higher for females than for males. This 

gives some indication that males require less time than females to 

solve mental transformation tasks. 

These studies of one aspect of spatial visualization identify 

the process by which mental transformations of visual objects are 

treated by individuals. A mental analog of the actual physical process 

required for these transformations is posited. As the majority of 

these studies employed adult subjects, it can be assumed that the 
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dimensionality of the stimulus materials was not a complicating factor 

in the experimental tasks. Little research in the spatial visualiza

tion area has utilized young children as subjects, with which the 

dimensionality factor may play a part. While the work of Shepard and 

his associates examined the internal representation involved in trans

formational tasks, little work has been directed at display salience 

as an aspect of the process of encoding spatial information. 

A series of studies of young children's spatial abilities 

attempted to assess the differential salience of geometric features 

embedded in spatial displays (Rosser et al., 1980; Rosser, Campbell and 

Horan, 1981; Rosser, Horan, Mattson and Mazzeo, 1981). Attention was 

directed to axis complexity and frame of reference cues. In addition, 

sex difference and dimensionality factors were addressed. This com

prehensive research endeavor utilized less complex spatial tasks than 

those offered previously in the study of process variables, eliminating 

particular spatial features which were considered problematic for young 

children. Features such as conserving distance and precise measure

ments, and performing in the absence of a facilitative reference frame 

were eliminated. These abilities are represented by the Piagetian 

tasks of length conservation and the water level problem, which previous 

literature has indicated as being difficult for young children. A 

series of sequential tasks increasing in difficulty were designed to 

allow examination of children's emerging abilities. Features of inter

est included the orientation of an array in a plane, coordination 

of horizontal and vertical lines, and preservation of angularity. 
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In four separate studies, dimensionality of material, type of 

response demand and performance condition were manipulated with three 

to five year old children. Performance condition varied along per

ceptual versus conceptual lines. The first condition in each of the 

studies examined the child's ability to duplicate a spatial display 

while still visible, which relies upon perceptual abilities; the 

second condition assessed the child's ability to produce a display 

when no longer visible, a performance which requires the subject to 

form an internal representation, as well as to perceive accurately. 

In addition, certain studies included a recognition or selection 

factor. In this condition, the child was asked to discriminate the 

correct option from a field of four, involving three distractors and 

one perfect match. 

The first study in the series examined children's ability to 

reproduce spatial displays presented in two-dimensions and responded 

to in the same dimension. Attention was given to whether the display 

objects located in the plane involved one axis, the horizontal or 

vertical, or both axes. To assess the relative saliency of spatial 

information for children as a function of age, spatial arrangements 

are required which depict a variety of information. Therefore, this 

study employed spatial displays which also conveyed at least three 

other geometric features; a topological characteristic (unconnected-

ness); a Euclidean feature (linearity); and a projective character

istic (orientation). The child with a mature understanding of space 

in a Piagetian sense would be expected to preserve all three features. 
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Those children with less sophisticated knowledge would not be ex

pected to do so. Therefore, the developmental question concerned 

which feature is most salient for young children. Correct response 

analysis revealed main effects for age and condition, with the direct 

copy condition proving to be easier for all subjects. In addition, 

children did less well when dealing with double-axis displays in the 

conceptual condition. Furthermore, it was indicated that in the con

ceptual condition the projective feature of orientation was the most 

difficult for subjects. Apparently young children perceive and rep

resent unconnectedness and linearity equally well, but orientation 

does not follow the pattern, as it seems to be much more easily per

ceived than represented. This result would seem to reveal that ori

entation as a salient feature trails behind others in the develop

mental sequence. An errors analysis revealed further results. In the 

direct copy condition, almost 50% of the errors made by males were of 

the orientation or rotation type as compared to 22% for females. In 

the unexposed condition, a significant sex effect was again noted, 

with 61% of the males 1 errors being of the orientation type as com

pared to 45% for females (Rosser et al., 1981). 

A second study tRosser et al., 1981) utilized the selection 

response previously described. Results from this study are similar 

to the first, with display complexity being a significant factor in 

the children's performances. Again, some indication was given that 

males experienced more difficulty with orientation than females. A 

facilitative reference frame was purposely provided in both of these 
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studies. Therefore, it would appear that males, more so than females, 

are less attentive to display orientation cues even when provided with 

an external frame of reference. It is possible that the males' per

formance is less tied to context, suggesting the use of a more ab

stract spatial system. Other work has indicated that the frame of 

reference is irrelevant to within-dimensional performance, and that 

working within two-dimensions is easier for children than performing 

in three-dimensions (Allen and Hennessey, 1980). However, another 

study in this series (Rosser et al., 1980) indicated that subjects 

within this age range are as capable of handling three-dimensional 

materials as two-dimensional ones. This study replicated the first, 

varying only the dimesion of the materials. Results from a fourth 

study indicated that when subjects were asked to cross dimensions, 

combining the use of both two- and three-dimensional objects in a 

fashion similar to that of studies one and three, the task proved to 

be more difficult. Although no sex differences were found in these 

last two studies, overall success rates were higher when stimuli were 

I 
in the same dimension than when a transformation across dimensions 

was required. 

These results again raise questions concerning the dimen

sionality factor involved in spatial tasks. As previously reported, 

Rosser et al. (1980) found some differential ability among subjects 

on a perspective-taking task requiring dimension crossing. Response 

items for the three-dimensional stimulus transformed to a two-

dimensional response group consisted of both drawings and photographs. 



It is interesting to note that males performed significantly better 

than females with the photographic representation mode. Males' 

apparent facility over females with the abstract representation 

presented by the photographs suggest the need for further investi

gations in this area. 

Taken as a whole, the Rosser et al. (1980, 1981) work has 

some implications for the sex differences and dimensionality liter

ature. Specifically, it appears that males are better able to infer 

the more abstract qualities inherent in the spatial tasks. It also 

seems that males make different kinds of errors than females, more 

often of the reflection and rotation type. As this was an unantici

pated finding, a more detailed measure of orientation errors is re

quired in the future. In turn, it appears that females exhibit more 

sensitivity to the frame of reference. It would be interesting to 

determine how a facilitative frame of reference would affect orien

tation errors in a study with both within- and across-dimension 

factors. Difficulties with the work involve the minimal use of the 

depth dimension, as two- and three-dimensional materials varied only 

in terms of the first being flat strips and the latter being one inch 

high blocks. Therefore, these materials were too similar, and did 

not adequately address the dimensionality issue. 

One further aspect of this work proves interesting. Although 

it would have been preferable to combine within- and across-dimension 

requirements in a single study, this issue was addressed by utilizing 

the meta-analysis technique developed by Glass (1978). This procedure 



allows evaluation of obtained though statistically insignificant 

differences by computing effect sizes across studies. Lack of pre

cision or extent of individual differences is taken into account as 

the mean contrast is expressed in standard deviation units. This is 

particularly beneficial when examining sex differences. Studies were 

thus compressed on the basis of the dimension factor, with those 

studies having within-dimension features compared to those with only 

across-dimension factors. With this technique, females displayed the 

advantage when the task was within-dimensions, and males were superior 

when crossing dimensions. This held true for both low-level spatial 

visualization tasks and spatial orientation tasks (Rosser et al., 1980). 

While the results of the meta-analysis technique used to 

examine these data must be considered exploratory in nature, as the 

number of studies compared was not extensive, the approach is sugges

tive of further research. In general, results obtained from these 

studies give some insight into the process variables affecting young 

children's spatial visualization ability. Specifically, the ability 

to organize space when the projective characteristic of orientation is 

involved may develop later than that for topological and Euclidean 

ones. This seems to be especially true for males. Females appear to 

be more sensitive to the frame of reference provided within the spatial 

display. In addition, dimensionality and depth factors should be 

investigated further to determine the role they play in feature 

saliency. Finally, some indication is given that display complexity 

is a significant factor in young children's spatial ability. 
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Conclusions From the Existing Literature 

The research reviewed here is certainly not exhaustive of 

the spatial abilities literature. However, this presentation was 

offered in an attempt to specify current approaches to the subject. 

As a result of this discussion certain issues can be addressed. 

The structural approach of Piaget postulates a developmental 

sequence of emerging spatial abilities. Yet, it can be seen that the 

overall sequence is questionable and the ages at which certain abil

ities can be expected may be task specific (Flavell, 1976). The 

perspective-taking literature most clearly exhibits the difficulty 

children experience with classic Piagetian tasks. While Piaget has 

suggested that young children prefer the frontal position, or egocen

tric response in their choices of the "other's" perspective, it has 

been countered that these tasks are not reliable measures in the first 

place, nor is egocentrism an appropriate construct (Ford, 1979). 

The Piagetian-type tasks utilized in examinations of young 

children's spatial ability, such as those used in studies of 

perspective-taking, have not taken into consideration the dimensional

ity of the stimulus and response materials. Results of examinations of 

dimensionality in spatial orientation and visualization are tenuous at 

best. Few control procedures directed at the dimensionality factor 

have been employed. As Fehr (.1978) suggests, the best method for 

determining the function of dimensionality in spatial visualization 

is to compare the performances of subjects divided into four groups. 

The subjects would be grouped according to the dimensionality of the 
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original array as well as the dimensionality of the choice stimuli. 

This would allow examination of the interaction between the dimension

ality of the stimuli and that of the response items. 

The issue of dimensionality has import for spatial visualiza

tion and orientation not only on empirical grounds, but also on theoret

ical ones. A drawing or photograph is a two-dimensional representation 

of an object in three-dimensional space. This two-dimensional rep

resentation is symbolic in nature, and thus more abstract than the 

three-dimensional object, as the third dimension must be inferred from 

a photograph rather than being directly perceived (Harber, 1978). 

These inferences are learned on the basis of e^qperience, but the precise 

manner in which they are learned is unknown. The ability to make 

inferences between two- and three-dimensional stimuli may occur late in 

development. Piaget lends some support to this notion in his studies 

of perspective drawing, in which the depth dimension must be represented 

symbolically. Children asked to draw train tracks disappearing into 

the distance are not able to indicate the depth dimension until the 

period of concrete operations (Piaget and Inhelder, 1956) . It is 

possible, therefore, that the ability to interpret and manipulate the 

two-dimensional perspective representation may demonstrate a more ab

stract understanding of spatial relationships. If the stimuli are then 

reoriented in space, the dimensionality factor may play a more complex 

role in the child's understanding than previously believed. If children 

are found to differ in this ability, it may have implications for 

developmental theory. 
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Results obtained from differential psychology indicate the 

reliable finding of sex differences in spatial abilities favoring, males 

at adolescence (McGee, 1979)• Differences have also been reported in 

younger samples with boys typically exhibiting superior performance 

(Guay and McDaniel, 1977; McGee, 1979). This latter finding is sur

prising in light of the general maturational advantage in physical and 

cognitive development displayed by females (Maccoby and Jacklin, 1974). 

Controversy surrounding sex differences at young ages has yet to be 

resolved. Again, there is a need for unconfounded tasks designed to 

study components of spatial ability. One other major finding from 

this area is the significant relationship between spatial visualiza

tion as a factor and mathematics achievement. If males are superior 

to females in this ability, it would help to more precisely delineate 

the obtained differences found on aptitude measures. 

Differential and factor analytic research, while quite 

extensive in nature, is still only capable of providing descriptive 

information regarding spatial abilities. As opposed to the cohesive, 

structural approach of Piaget, other researchers have attempted to 

index the underlying processes involved in spatial visualization and 

orientation. Shepard and other information-processing theorists have 

examined the internal representation thought to be required in the 

manipulation and interpretation of spatial transformation. Others in 

this area are more concerned with those aspects or features of a 

spatial display which are problematic for young children. Rosser and 

her associates are interested in what children can do, and if failure 



occurs on a spatial task, the reasons for these failures are deemed 

important to determine. This approach is somewhat in opposition to 

Piaget's approach, in that the former attempts to specify the pro

cesses by which children function spatially, the why's and how's of 

children's ability, while the latter attempts to specify develop

mental progression. If a child experiences failure in this latter 

formulation, aspects within the child rather than those of the spatial 

display are examined. It would appear that a melding of both of these 

aspects is required in the examination of young children's spatial 

ability. The research presented here is an attempt at uniting these 

two approaches in such a way that both developmental and processing 

predictions can be made. 

Statement of the Problem 

The reviewed literature indicates the need for an integrated 

approach to the study of young children's spatial visualization skills. 

Of major interest is identification of the specific features of a spa

tial task which are problematic for young children, and the examination 

of emerging spatial skills. 

Previous research has indicated that children have difficulty 

with a number of aspects related to the spatial display. A primary prob

lem for children seems to be the ability to cross from one dimension to 

another. This ability has not been compared to within-dimensional 

performance in any one study in the past. This limitation has re

stricted the examination of another possible difficulty for children; 



that is the ability to deal with the depth factor which must be in

ferred from a two-dimensional representation of three-dimensional 

objects. Projective features are also a probable hindrance to chil

dren, in that rotations and reflections have been shown to be more 

difficult to discriminate than other features of a display. Therefore, 

these issues will be addressed in this study. 

In studies which focus on the identification of age trends, 

a certain amount of sophistication in ability has been associated with 

children in the stage of concrete operations. As interest in the 

present research is directed at children's emerging spatial skills, 

it therefore becomes necessary for both pre-operational children and 

those closer to concrete operations to be examined, thus, both four 

and six year old children were employed. This may help to elucidate 

the developmental progression in performance level found in response 

to the spatial task. 

Some indication has been given that young children exhibit 

differential ability based on sex. In general, males and females do 

not differ, but the types of errors made could be sex-related. 

Females appear to be more sensitive to the provided frame of refer

ence, making fewer orientation errors as compared to males. Analysis 

of sex differences requires sensitive measurement of not only overall 

success rates, but also of specific errors and informational features, 

such as the provided frame of reference. Sex as a variable should 

therefore be studied. 
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As several different but related issues will be examined 

here, the model presented in Figure 1 is offered as an organizing 

device. From this model specific predictions can be made about how 

children process spatial information and hypotheses can be generated 

about how feature saliency, depth, and dimensionality factors affect 

children's performance. In consideration of this hypotheses-generating 

model and developmental research, an experimental study was devised to 

investigate the following questions: 

1. Can young children achieve equal success in recalling 

spatial displays when the stimulus and the response are in the same 

or in different dimensions? 

2. Does dimensionality interact with age and/or sex? 

3. Do males exhibit more orientation errors than females? 

4. Are young children able to account for depth as a factor? 

5. What effect does unconnectedness have on children's 

performance? 

With previous research and the hypothetical model in mind, the 

experimental hypotheses were as follows. For overall success rate, 

working within-dimensions will be easier than crossing dimensions. 

Transforming a three-dimensional stimulus to a two-dimensional re

sponse will be easier than the opposite, as it requires one less step. 

Within-dimensions, performance will be equal. Older children will 

perform better than younger, and males' overall performance will equal 

females'. It is possible that, if females have difficulty inferring 

the abstract representations required by crossing dimensions, males 
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will have superior performances in these conditions. Females may 

perform better when working within dimensions, however. 

The interactions of interest involve error rates and con

ditions. Within-dimensions, the highest proportion of errors will be 

reflections and rotations, with males exhibiting the majority of these 

types of errors. Across-dimensions, there will be a higher proportion 

of depth errors than for the within-dimensions tasks. Younger children 

will probably have more depth dimension errors than older children, 

as this ability may occur late in development. Also, orientation 

errors will be greater with younger children. More errors will occur 

in the two-dimensional stimulus to the three-dimensional response 

condition than in the other across-dimension condition. In the former 

depth must be inferred, while in the latter the depth representation 

need only be recognized. It is hypothesized that females will make 

most of these depth representation errors and they will be most pro

nounced in the two-dimensional stimulus to the three-dimensional 

response condition. Trends concerning the number of features presented 

within the display can also be predicted. More complex displays will 

be harder for the subjects to discriminate as they contain more infor

mation to be recalled. Finally, it seems that females, even young 

ones, are more "frame sensitive" than males. Correct projective dis

criminations necessitate frame sensitivity, therefore, if males and 

females differ at all, it should be on this kind of error discrim

ination . 
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By taking an integrated approach this study can address both 

developmental and processing considerations. However, predictions can 

be made from each of these two aspects. Specific predictions consis

tent with the developmental literature are as follows: 

1. In general, older children will be more successful than 

younger ones. This is consistent with Piagetian formulations and 

evidence from prior work. 

2. Reflections and rotations are projective features which 

previous research indicates is a late occurring developmental charac

teristic and therefore should be the most difficult for children. 

However, six-year-olds, since they are entering concrete operations, 

should outperform the younger children on this characteristic, 

3. The age groups should not differ on the unconnectedness 

error as this is a topological as well as a Euclidean characteristic, 

and therefore the younger children should also be able to conserve it. 

Major predictions derived directly from the processing model 

are as follows: 

1. Subjects will experience less difficulty when performing 

within as compared to across dimensions. 

2. The depth factor should be problematic. 

3. Complex displays should create more problems for the 

subjects. Specification of these predictions indicates that the 

unification of two major approaches to childrens' spatial ability can 

be addressed in a single investigation. 



CHAPTER 2 

METHOD 

Subjects 

One hundred and sixty English-speaking children from four 

private pre-schools, one public and one private elementary school in 

Tucson, Arizona served as subjects. Eighty of these subjects were 

four years old (X age =4 years 6 months) with the remaining subjects 

six years old (X age =6 years 5 months). In each age level there were 

forty males and forty females. The subject sample was divided into 

four experimental conditions with an equivalent number of subjects of 

each age and sex randomly assigned to each group (N=40). 

Materials 

Five stimulus displays were presented to the subjects, with 

the displays ranging in difficulty from simple to complex. The three-

dimensional materials consisted of 8" X 1" red and blue rods, 5" X 1" 

red rods, 4" X 1" red rods, an 8" green plastic jar, and a 4" orange 

plastic lid; 8" X 10" color enlargements taken of the predetermined 

arrangement served as the two-dimensional stimulus displays. 

For each three-dimensional stimulus display, five response 

choices were developed, including: 1) a correct response (perfect 

match) , 2). a Euclidean violation (.unconnectedness) , 3) a rotation 

41 
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orientation violation (90° or 270°), 4) a 180° reflection violation, 

and 5) a choice which omitted the depth dimension. Previous research 

suggests that these four types of errors are ones frequently made by 

young children. The two-dimensional response choices consisted of 

8" X 10" color photographs of these arrangements. A17" X 17" white 

cardboard frame was utilized as a base for all stimulus and response 

items. 

Experimental Conditions 

Two-dimensional stimulus to two-dimensional response. Subjects 

were presented with two-dimensional stimuli (photographs) and given 

response choices also in two dimensions. 

Two-dimensional stimulus to three-dimensional response. The 

stimuli presented to the subjects in this condition consisted of two-

dimensional materials with response choices given in three dimensions. 

Three-dimensional stimulus to two-dimensional response. Sub

jects were presented with three-dimensional stimuli, and given re

sponse choices in two dimensions. 

Three-dimensional stimulus to three-dimensional response. Both 

stimuli and response choices were presented in three dimensions. 

General Procedure 

All subjects were seen individually by one of three female 

experimenters for one session of approximately fifteen minutes. Prior 

to the experimental trials a practice session was conducted to familiar

ize the subjects with the experimental task. The practice trials were 
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of four types, corresponding to the four experimental conditions. 

The practice display was much easier than those included in the ex

perimental conditions, and was used solely for the purpose of clar

ifying task demands. This display omitted the depth dimension, con

sisting only of two rods placed flat on the frame in a 90° angle. 

Although the practice session was not scored, it was also not designed 

to be a training procedure. Rather, it was thought to be required 

since young children often do not understand what is being asked of 

them if not clearly instructed about the nature of a task. Therefore, 

the following procedure was utilized: 

Subjects were first shown a two-dimensional or three-dimen

sional stimulus display of the spatial objects, depending upon which 

experimental condition they had been assigned to. After the display 

was presented, subjects were instructed to "Look at this very carefully 

and try to remember what it looks like." The display remained in front 

of the child for six seconds and then was removed. A two-dimensional 

or three-dimensional response item was then presented, again according 

to experimental condition. Response options were of the four previously 

described types with the depth option omitted. The subjects were then 

asked "Does this look exactly like what I just showed you?" The ex

perimenter either confirmed the subject's response by stating "Yes, 

you're right, they do look the same/different," or provided corrective 

feedback by saying "No, see how they look the same/different?" and 

showing the stimulus display again to compare the response choice with. 
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This procedure was repeated for the three other response options. 

After all four practice items were presented the experimenter said 

"See, it's important to look carefully and remember what I show you 

since they won't always look the same. Your part is to tell me when 

the things I show you look exactly the same." 

The experimental trials followed immediately after completion 

of the practice session. Each of the five experimental displays were 

presented to the children on five different occasions, for a total of 

25 separate items. The order of stimulus display presentation and 

response option was a randomly determined sequence but was held con

stant across all subjects. On each presentation the following pro

cedure was utilized: 

1). The display was presented (exposure time six seconds). 

2) The display was removed . 

3) The response item Cone of the five predetermined options} 

was presented. 

4) The subject was asked whether the response item matched 

the original display. 

This type of response system was preferred over a multiple 

choice format, as the latter forces the child to choose one foil type 

to the exclusion of the others. Interest in this investigation was 

directed at how well the subjects discriminated whether each of the 

five foil types matched or did not match the stimulus display, with 

the response concerning one foil being independent of the others. 
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This allowed for specific examinations of how children deal with 

the predetermined error types embedded in the foils. 

All instructions were identical to those given during the 

practice session but without confirmation or corrective feedback. 

For each stimulus display there were five response options, but on any 

one presentation the child needed to make only one yes/no judgement. 

Scoring 

Subjects' yes/no judgments were recorded by the experimenter 

with a total of 25 responses. For the first scoring procedure, if 

subjects correctly identified all five response options for a partic

ular stimulus display, a score of 1 was awarded for that display. 

These scores were summed across the five stimulus displays for a range 

of 0-5. In other words, for the subject to obtain a score of 1 on a 

display, he/she must have responded correctly to all five response 

options for that display, otherwise a score of 0 was awarded. This 

scoring procedure was used for the correct score analysis. 

A second scoring procedure was devised to allow examination 

of display complexity itself. The stimulus displays were developed 

from simple to complex based on the number of coordinate axes and the 

number of objects involved. It was decided that a scoring procedure 

was thus necessary to test for this complexity aspect. The display 

score was determined by summing the number of correct responses given 

for a particular display. Again, a total of 25 points was possible, 



but the score for each one of the five displays could only range 

from 0-5. This score was utilized in the analysis of display com

plexity . 

Analysis of the five foil or error types required an addi

tional scoring procedure. A foil discrimination score was derived by 

summing the number of correct foil discriminations subjects made across 

the five stimulus displays. For example, if a child identified all 

five correct matches, he/she would receive a score of 5 for the 

correct foil type. If a child responded incorrectly to a rotation 

orientation error, saying it matched the stimulus display, a point 

would be subtracted, resulting in a score of 4 for the rotation foil 

type. This scoring procedure was followed for the reflection error 

type, and for the unconnectedness and depth violation foil types. 

Thus, of the 25 total score points possible for each foil type, the 

range was from 0-5. These data were analyzed in the foil discrimina

tion analysis. 



CHAPTER'3 

RESULTS 

Correct Response Analysis 

Correct response scores (range 0-5) were analyzed in a 2(age) 

X 2(sex) X 2(stimulus dimension) X 2(response dimension) analysis of 

variance. A summary of the analysis of variance is included in Table 

1. A significant main effect was detected for age (F 1,144=48.65, 

p < .001), and the first order interaction of stimulus dimension X 

response dimension was also significant (F 1,144=24.37, p < .001). No 

other significant effects were revealed. 

For the age effect, six year olds performed significantly 

better than four year old subjects, as displayed in Figure 2. Further 

examination of the stimulus dimension X response dimension interaction 

using the Tukey HSD technique (Kirk, 1968) with all contrasts at p< .05, 

revealed no significant differences between within-dimension pairwise 

comparisons (two-dimensional stimulus to two-dimensional response or 

three-dimensional stimulus to three-dimensional response). Also, there 

were no significant pairwise comparisons in the across-dimension condi

tions (three-dimensional stimulus to two-dimensional response or two-

dimensional stimulus to three-dimensional response). However, the 

within-dimension conditions were both significantly easier than the 

across-dimension conditions. This is graphically presented in Figure 

3. 
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Table 1. Correct Response Analysis: Summary of Analysis of Variance. 

Source df MS F P 

Age 1 105.63 48.65 P < .001 

Sex 1 7.23 3.33 n.s. 

Stimulus Dimension 1 3.60 1.66 n.s. 

Response Dimension 1 .10 .05 n.s. 

Age x Sex 1 .40 .18 n.s. 

Age x Stimulus Dimension 1 .23 .10 n.s. 

Age x Response Dimension 1 1.23 .56 n.s. 

Sex x Stimulus Dimension 1 4.23 1.95 n.s. 

Sex x Response Dimension 1 .03 .01 n.s. 

Stimulus Dimension x 
Response Dimension 1 52.90 24.37 P < .001 

Age x Sex x Stimulus 
Dimension 1 8.10 3.73 n.s. 

Age x Sex x.Response 
Dimension 1 3.60 1.65 n.s. 

Age x Stimulus Dimension x 
Response Dimension 1 1.23 .56 n.s. 

Sex x Stimulus Dimension x 
Response Dimension 1 .03 .01 n.s. 

Age x Sex x Stimulus Dimension 
x Response Dimension 1 .90 .41 n.s. 

Error 144 2.17 
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Analysis of Display Complexity 

A second analysis was performed to investigate whether the five 

displays differed in complexity and to determine if display "difficulty 

was a relevant factor in subjects' performance. Previous research 

(Rosser et al., 1980) suggests little reason to expect a significant 

effect for sex in correct response analyses. The correct response 

analysis previously performed supports this finding for the data cur

rently xonder investigation. Therefore, sex as a factor was dropped in 

the analysis of display complexity, as it is also a correct response 

analysis but directed at a different question. This analysis is summarized 

in Table 2. Scores (range 0-5) were analyzed in a 2(age) X 2(within 

versus across dimensions) X 5(displays) analysis of variance with re

peated measures on the last factor. Significant main effects were de

tected for age (F 1,156=46.55, p < .001), for dimension (F 1,156=30.51, 

p < .001), and for display (F 4,624=12.78, p < .001). All first order 

interactions also proved significant; age X dimension (F 1,144=5.36, 

p < .025), age X display (F 4,624=4.06, p < .05), and dimension X display 

(F 4,624=4.49, p < .05). The three-way interaction was the only non

significant effect. 

Again, for the age main effect, six year olds outperformed four 

year olds. This is displayed in Figure 4. On the dimension factor as 

presented in Figure 5, children's performance within dimension was 

significantly better than across dimensions. The Tukey HSD technique 

was again employed in post hoc analyses of the other analysis of vari

ance results. All contrasts were assessed at the p < .05 level. 

Examination of the main effect for display, presented in Figure 6, 
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Table 2. Display Conplexity Analysis: Summary of Analysis of Variance. 

Source df MS F P 

Between Groups 

Age 1 141.12 46.55 P < .001 

Dimension 1 92.48 30.51 P < .001 

Age x Dimension 1 16.25 5.36 P < .025 

Error 156 3.03 

Within Groups 

Display 4 5.59 12.78 P < .001 

Age x Display 4 1.77 4.06 P < .05 

Dimension x Display 4 1.96 4.49 P < .05 

Age x Dimension x Display 4 1.23 2.82 n. .s. 

Error 624 .44 
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indicated that display 1 was significantly easier than all other 

displays; display 5 was the next easiest display, differing signifi

cantly from display 4 but not from displays 2 and 3; displays 2, 3 and 

4 were the most difficult and did not differ significantly from each 

other. 

Further investigation of the age X dimension interaction re

vealed that both four and six year old children performed less well 

across-dimension as compared to within-dimension. Examination of 

Figure 7 indicates that the spread for the six year old subjects is 

somewhat less than that of the four year olds. 

In the age X display interaction, six year olds performed 

significantly better than four year olds on all displays. Figure 8 

represents these results. Six year old children did not differ signi

ficantly in their performance across displays. However, for the four 

year olds, performance on the first display significantly differed from 

performance on display 4, with the first display being easier. No 

other significant differences were apparent for these subjects. 

Examination of the dimension X display interaction indicated 

that performing within dimensions as compared to across dimensions was 

significantly easier for subjects on all individual displays except the 

first. These results are indicated graphically in Figure 9. Within 

dimensions, there were no significant differences between the subjects' 

performance on the individual displays. In the across-dimension condi

tions, however, display 1 differed significantly from display 4, with 

the former proving to be the easiest for the children and the latter the 

most difficult of all displays. Neither of these displays were 
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significantly different than the other displays in the across-

dimension conditions. 

Several results from the analysis of display complexity 

reiterate those revealed in the correct response analysis. Six year 

old subjects again performed significantly better than four year olds. 

Also, the within-dimension conditions proved to be more facilitative 

for subjects' performance than across-dimension conditions, this being 

the case for both age levels. However, other results from this analy

sis suggest that the major effects must be qualified as to a particular 

foil type. 

Foil Discrimination Analysis 

Analysis of subjects' correct foil discriminations (range 0-5) 

was conducted by means of a 2(age) X 2(sex) X 2(stimulus dimension) X 

2(response dimension) X 5(foil type) analysis of variance with the last 

factor serving as a within variable. This analysis is unique in two 

respects. First, the number of correct discriminations within each of 

the five foil types was of interest, or the subjects' ability to 

recognize that a response item did or did not match the stimulus dis

play. Second, sex was again included as a variable in this analysis 

as previous work (Rosser et al., 1980) does suggest that males and 

females, even at these age levels, seem to make different kinds of 

errors, or have differential ability in discriminating spatial displays. 

Significant main effects were revealed for age (F 1,144=46.64, p< .001) 

and for foil type (F 4,576=17.37, p < .001). In addition, several 

first-order interactions proved significant, including the stimulus 
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dimension X response dimension interaction (F 1,144=30.89, p < .001), 

the age X foil type interaction (F 4,576=8.14, p < .001), and the 

response dimension X foil type interaction (F 4,576=2.54, p < .05). 

The significant second-order interactions included the age X stimulus 

dimension X response dimension interaction (F 1,44=5.76, p < .025), 

and the stimulus dimension X response dimension X foil type interaction 

(F 4,576=16.71, p < .001). Finally, two four-way interactions were 

significant, the age X stimulus dimension X response dimension X foil 

type interaction (F 4,576=5.78, p < .001) and the sex X stimulus 

dimension X response dimension X foil type interaction (F 4,576=2.69, 

p < .05). No other significant effects were detected. A summary of 

this analysis is provided in Table 3. 

Examination of Figure 10 indicates that older children again 

significantly outperformed younger children, as is to be expected. Post 

hoc analysis utilizing the Tukey HSD method were performed to further 

examine the other significant effects obtained from the analysis of 

variance. All contrasts were made at p < .05 unless indicated other

wise. Analysis of the foil type main effect revealed that subjects' 

performance on the correct option foil and the depth option foil did 

not differ significantly, as displayed in Figure 11. However, 

children's performance on the other response options was significantly 

below either the correct or depth foils. Subjects experienced the most 

difficulty with the rotation foil. Next in difficulty was the reflec

tion option, but the subjects' ability to discriminate this option did 

not differ significantly from the rotation foil. The unconnectedness 
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Table 3. Foil Discrimination Analysis: Summary of Analysis of Variance. 

Source df MS F p 

Between Groups 

Age 1 138.61 46.64 P < .001 

Sex 1 4.06 1.37 n.s. 

Stimulus Dimension 1 9.46 3.18 n.s. 

Response Dimension 1 4.06 1.37 n.s. 

Age x Sex 1 .15 .05 n.s. 

Age x Stimulus Dimension 1 5.95 2.00 n.s. 

Age x Response Dimension 1 .06 .20 n.s. 

Sex x Stimulus Dimension 1 .36 .12 n.s. 

Sex x Response Dimension 1 .55 .19 n.s. 

Stimulus Dimension x 
Response Dimension 1 91.80 30.89 P < .001 

Age x Sex x Stimulus Dimension 1 4.06 1.37 n.s. 

Age x Sex x Response Dimension 1 .78 .26 n.s. 

Age x Stimulus Dimension x 
Response Dimension 1 17.11 5.76 P < .025 

Sex x Stimulus Dimension x 
Response Dimension 1 8.20 2.76 n.s. 

Age x Sex x Stimulus Dimen
sion x Response Dimension 1 4.96 1.67 n.s. 

Error 144 2.97 

within Groups 

Foil Type 4 18.61 17.37 P < .001 

Age x Foil Type 4 8.72 8.14 P < .001 

Sex x Foil Type 4 1.14 1.07 n.s. 

Stimulus Dimension x 
Foil Type 4 1.74 1.63 n.s. 

Response Dimension x 
Foil Type 4 2.72 2.54 P < .05 
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Table 3—Continued 

Source df MS 

Within Groups 

Age x Sex x Foil Type 4 .61 .57 n.s. 

Sex x Stimulus Dimension 
x Foil Type 4 1.31 1.22 n.s. 

Age x Response Dimension 
x Foil Type 4 1.59 1.49 n.s. 

Sex x Stimulus Dimension 
x Foil Type 4 .49 .46 n.s. 

Sex x Response Dimension 
x Foil Type 4 1.91 1.78 n.s. 

Stimulus Dimension x Response 
x Foil Type 4 17.91 16.71 p < .001 

Age x Sex x Stimulus Dimen
sion x Foil Type 4 1.52 1.42 n.s. 

Age x Sex x Response Dimen
sion x Foil Type 4 .54 .50 n.s. 

Age x Stimulus Dimension x 
Response Dimension x Foil 
Type 4 6.19 5.78 p< .001 

Sex x Stimulus Dimension x 
Response Dimension x Foil 
Type 4 2.88 2.69 p < .05 

Age x Sex x Stimulus Dimension 
x Response Dimension x Foil 
Type 4 1.54 1.44 n.s. 

Error 576 1.07 
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foil was third in difficulty for the children, differing significantly 

from the rotation option but not the reflection foil. 

Examination of the stimulus dimension X response dimension 

interaction depicted in Figure 12 indicated that all contrasts were 

significant, except the comparison between the three-dimensional 

stimulus to two-dimensional response and the two-dimensional stimulus 

to the three-dimensional response conditions. Subjects achieved the 

highest level of responding in the two-dimensional stimulus to the 

two-dimensional response condition. The three-dimensional stimulus 

to three-dimensional response groups exhibited the next highest level 

of responding, followed by the two across-dimension conditions, which, 

as previously stated, did not differ. These results parallel those 

found in the correct response analysis. However, in this case, the 

two-dimensional stimulus to two-dimensional response condition was 

significantly easier than the other within-dimension group (three-

dimensional stimulus to three-dimensional response). 

Analysis of the age X foil type interaction revealed that six 

year old subjects performed significantly better than four year old 

subjects on only the rotation and reflection foil types. Within age 

levels, six year olds1 performance did not differ significantly on any 

of the five foil options. Examination of the interaction effect as 

presented in Figure 13 indicates relatively even levels of responding 

on all of the foil types for six year olds. Four year olds did not 

differ on the correct and depth option foils, which were the most 

easily discriminated options for these subjects. The most difficult 

foil type for four year olds was the rotation option, differing 
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significantly from all other options. The reflection and unconnected-

ness foils also differed significantly from the other options, with the 

former being next in difficulty level, followed by the unconnectedness 

foil. 

For the response dimension X foil type interaction presented in 

Figure 14, there were no significant differences between the two-

dimensional and three-dimensional response levels for any of the foil 

types. Within the two-dimensional response level, the correct foil 

type was chosen successfully significantly more often than the uncon

nectedness, rotation and reflection options. The depth foil type was 

successfully chosen significantly more often than the unconnectedness 

and rotation options. Within the three-dimensional response level, 

the correct, depth and unconnectedness options were chosen successfully 

significantly more often than the rotation and reflection options. 

The following presentation will examine the three-way and two 

four-way interactions that resulted from the analysis of variance. The 

focus of this discussion will be upon those contrasts that are deemed 

of interest to the issues addressed in this research endeavor, and 

which are considered meaningful. Although many significant contrasts 

were revealed, only those pertinent for discussion will be presented. 

Examination of the stimulus dimension X response dimension X 

foil type interaction, displayed in Figure 15, revealed that, within 

the three-dimensional stimulus level, the three-dimensional response 

level differed significantly from the two-dimensional response level 

for the unconnectedness, rotation and reflection foil types. Level of 

responding was higher in the three-dimensional response condition. 
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Within the two-dimensional stimulus level, the opposite effect was 

apparent. Levels of responding were significantly higher for the two-

dimensional response items involving rotation and reflection. Although 

other contrasts were significant, they are of less interest here and . 

will not be presented as they do not pertain to the discussion which 

follows. 

Analysis of the age X stimulus dimension X response dimension 

X foil type interaction indicated that within the three-dimensional 

stimulus to the two-dimensional response level, six year olds performed 

significantly better than four year olds on the unconnectedness, rota

tion and reflection foils. Within the two-dimensional stimulus to the 

three-dimensional response level, six year olds performed significantly 

better than four year olds on the rotation and reflection foil options. 

These results are shown in Figure 16. No other significant contrasts 

between age groups were found. For the six year olds alone, there were 

no significant contrasts within any of the four conditions (two-

dimensional stimulus to two-dimensional response, three-dimensional 

stimulus to three-dimensional response, etc.). The four year olds, 

however, had significant contrasts across the four conditions on all 

foils except the correct and depth foils. The following examination 

will be directed at each of the significant foil types for four year 

olds. On the unconnectedness foil, subjects in the three-dimensional 

stimulus to three-dimensional response (3-d to 3-d) condition performed 

significantly better than subjects in the three-dimensional (3-d) 

stimulus to two-dimensional (2-d) response condition. Subjects in the 

2-d stimulus to 2-d response condition performed significantly better 
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than those in both the 2-d stimulus to 3-d response (2-d to 3-d) condi

tions and the 3-d to 2-d conditions on the rotation foil. Also, sub-

jects in the 3-d to- 3-d condition performed better than those in the 

2-d to 3-d and 3-d to 2-d conditions on this foil. For the reflection 

foil, subjects in the 2-d to 2-d condition performed significantly 

better than subjects in all other conditions. In addition, subjects in 

the 3-d to 3-d condition performed significantly better than those in 

the 3-d to 2-d and 2-d to 3-d conditions on this foil. No other signi

ficant contrasts of interest were revealed. 

For the sex X stimulus dimension X response dimension X foil 

type interaction presented in Figure 17, no significant contrasts 

across sex were detected. For both males and females, no significant 

contrasts were found within sex groups for either the.correct or depth 

foils. Within sex groups, the males in the 3-d to 3-d condition per

formed significantly better than those in the 3-d to 2-d condition on 

the unconnectedness foil. For the rotation foil, subjects in the 2-d 

to 2-d condition performed significantly better than those in the 2-d 

to 3-d and 3-d to 2-d conditions. Males in the 3-d to 3-d condition 

also performed significantly better than those in the 2-d to 3-d and 

3-d to 2-d conditions on this foil type. For the reflection foil 

similar results were found. Males in both the 2-d to 2-d and 3-d to 

3-d conditions performed significantly better than subjects in the 

2-d to 3-d and the 3-d to 2-d conditions. Females had no significant 

contrasts across conditions for the unconnectedness foil type. On 

the rotation foil, females in the 2-d to 2-d condition performed sig

nificantly better than those in both the 2-d to 3-d and the 3-d to 2-d 
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conditions- On the reflection foil, again females in the 2-d to 2-d 

conditions significantly outperformed subjects in the 2-d to 3-d 

and the 3-d to 2-d conditions. 

Not easily observable from the graphic displays of this last 

four-way interaction are several important contrasts which suggest 

differential responding between the male and female subjects. Previous 

contrasts have indicated that crossing dimensions is harder for child

ren than performing within dimension, especially when the rotation and 

reflection foils are involved. If focus is placed upon dimension-

crossing and the rotation and reflection foils, it can be shown that 

males and females perform differently. The following contrasts were 

made at p < .01. For males the contrast between the correct and 

rotation foils is highly significant (4.6 -2.3 ... ) in the 3 J correct rotation 

3-d to 2-d condition. For females the drop between these two foils 

is not significant (4.6 .-3.3 . .. ). Extending this contrast 
3 correct rotation 

to the 2-d to 3-d condition, males drop significantly from the correct 

to the rotation foil (4.2 -2.8 ... ); females do not 
correct rotation 

(4.3 -3.2 , . ). For the reflection foil similar results are 
correct rotation 

apparent. In the 3-d to 2-d condition males exhibit a significant drop 

from the correct to the reflection foil (4.6 -2.8 ), but 
correct reflection 

the drop in level of responding is not significant for females 

4.6 .-3.5 . ). The same pattern is evident in the 2-d to 
correct reflection 

3-d conditions; males drop significantly from the correct (4.2) to the 

reflection foil (2.9), females do not (4.3correct"3-5reflection>• aus 

it would appear that, when the difficulty of the task increases, or as 

dimension crossing is required, males experience relatively more 
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difficulty discriminating rotations and reflections as compared to 

females. 

The major results of the third analysis reiterate those found 

previously. Again, six year olds significantly outperformed four year 

olds, and all subjects performed better in the within-dimension condi

tions. Analysis of the specific foil types indicated some interesting 

findings. First, the difficulty of the rotation and reflection foils, 

especially for the younger subjects, was revealed. Although the 

response dimension X foil type interaction is not particularly in

teresting, it does reiterate prior results. The stimulus dimension 

X response dimension X foil type interaction is interesting due to 

differences found on the unconnectedness foil. When the stimulus was 

presented in three dimensions, subjects in the three-dimensional 

response group performed significantly better than those in the two-

dimensional response group on this foil. This does not hold when the 

stimulus was presented in two dimensions. 

Both of the significant four-way interactions point out several 

interesting effects. The age X stimulus dimension X response dimension 

X foil type interaction indicates how difficult the rotation and 

reflection foils are for subjects when they are required to cross 

dimensions. While this is particularly true for the four year old 

children, the pattern is similar for both age groups. For the signifi

cant four-way interaction involving sex, the pattern of these two foils 

being the most difficult for subjects in the across-dimension condi

tions occurs again. However, in this case the rotation and reflection 
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foils appear to be relatively more difficult for males than for 

females. 

In general, the three analysis of variance are consistent in 

their major findings. All indicate that the older children perform 

more capably than the younger ones, which is predictable logically. 

The most significant finding from these analyses, however, is that sub

jects experience more difficulty when they are required to cross dimen

sions as compared to those performing within the same dimension. The 

last analysis shows other consistent results. When dimension crossing 

is involved, the rotation and reflection foils prove to be the most 

difficult for the subjects. 



CHAPTER 4 

DISCUSSION 

By integrating the two major approaches to the study of 

children's spatial ability, the research presented here has impli

cations for both developmental and information-processing theorists. 

Of major importance is the finding that the dimension factor is a 

salient issue. This is revealed in the first data analysis and is 

reiterated in the subsequent ones. In all cases children's per

formance in the across-dimension conditions is poorer than in the 

within-dimension conditions. This result is predicted from the model 

presented in Chapter 1, as, regardless of the stimulus dimension, 

crossing to the opposite dimension requires more intermediate steps 

than performing in the same dimension. It appears that females have 

comparable ability to that of males in inferring the abstract repre

sentations required in crossing dimensions, as no sex effect was 

detected on the dimension factor. However, all main effects must be 

qualified due to the detection of a number of significant interactions. 

While it was predicted that performance within-dimensions would be 

equal, there is some evidence from this work that the two-dimensional 

stimulus and response condition is easier than that of the 

three-dimensional within condition. This lends some support to the 

similar finding by Allen and Hennessey (1980) reported earlier. 
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However, these authors utilized a different type of spatial task than 

the one presented here. Therefore, no definite statement should be 

made regarding the ease of two- versus three-dimensional tasks. 

In the developmental area, results indicate that older 

children achieve higher scores than younger, which is not a partic

ularly surprising, nor interesting finding. It is surprising that 

all subjects demonstrated such a high overall success rate on a task 

which previous literature would suggest to be a very difficult one. 

The scoring system utilized in the first analysis required five 

correct discriminations for one point to be awarded. If the proba

bility of a correct response for each discrimination is figured as .5, 

across the five discriminations the probability of being correct on 

the basis of chance alone equals .03. As there were five displays 

with this probability, a total correct score occurring on the basis 

of chance alone would equal .16; therefore, a chance score is <1,0. 

However, results indicate all means were in excess of 1.0. (X=2.3). 

Results from the second, or display, analysis revealed more 

information in this respect. For this analysis a less conservative 

scoring procedure was utilized, as each discrimination was awarded one 

point if correct. The probability of achieving 1 point in this 

instance is .5? across all twenty-five items the chance correct score 

would be 12.5. Examination of the age and dimension main effects 

indicates these means are all greatly in excess of 12.5 (X=20.04). 

This further supports the fact that the subjects were performing well 

and appeared to have knowledge of what was expected of them. 
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In addition, on any one display the probability of obtaining a 

correct chance score is 2.5. However, the main effect for display 

again indicates means higher than the chance score (X=4.0). An 

additional factor may be involved in these data. The two first-order 

interactions (age X dimension and age X display) suggest a possible 

ceiling effect for the within-dimension conditions, and for six-year-

old subjects. The children's performance in these two areas was close 

to perfect. The across-dimension conditions, however, seem less 

affected by a possible ceiling effect and more variability is apparent 

across the displays. This is particularly evident in the dimension 

by display interaction. For this effect, the dimension factor is 

non-significant only for the first display. This is also the only 

display in which two axes rather than three are employed. Earlier 

work has indicated that the greater the number of coordinate axes 

involved in a conceptual task, such as the one presented here, the 

more difficulty experienced by the subjects (Posser et al., 1981). 

It would also appear that the high levels of responding evident in the 

within-dimension conditions precludes a more precise analysis of the 

effects in these conditions. As a ceiling effect does not seem to be 

restricting the response levels in the across-dimension conditions, 

this data is of more interest to the issues addressed here. 

In light of the ceiling effect for the within-dimension 

conditions, the foil discrimination analysis will be discussed more 

in terms of the across-dimension data, as this appears to be the more 

interesting data. Also this analysis is the most relevant to the 
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research questions pertaining to the types of errors made by young 

children. Contrary to predictions from the model presented in 

Chapter 1, the depth dimension did not cause problems for the subjects. 

This is probably attributable to the fact that lack of the depth 

dimension was confounded with the removal of an object (rod or jar) 

in the experimental task. The child had only to observe this missing 

object in order to make a correct discrimination. As this is a 

fairly easy task for children of this age, rates of responding on this 

foil approach those achieved on the correct, or exact match, foil. 

Some other method of assessing the child's ability to discriminate 

the depth dimension will have to be devised in the future. No state

ments in regard to this ability can be made here. 

It is unfortunate that the depth factor cannot be considered 

in this discussion, as the hypotheses generated by the model hinge on 

the depth and orientation errors. The unconnectedness error was 

included in this research as a Euclidean error. However, unconnected

ness is also a topological characteristic and should be easier to 

discriminate than other violations. However, unconnectedness was 

found to be a significant factor in dimension crossing tasks. The 

difficulty it presented is probably accounted for in the 3-d to 2-d 

condition. The photograph of a particular display in this condition 

made it difficult to observe the unconnectedness violation. Subse

quently, more subjects had difficulty in this condition as compared 

to the others, resulting in the significant effect due to this factor. 
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The finding that orientation errors present such a problem 

for subjects is one which this investigation was designed to examine. 

This finding is consistent with previous research (Rosser et al., 

1980, 1981). However, predictions from the model indicated that the 

highest proportion of rotation and reflection errors would occur in 

the within-dimension conditions. The opposite in fact occurred. It 

is possible that the extremely high rates of responding in the 

within-conditions masks these errors. Similarly, when dimensionality 

is collapsed and foil discrimination by age level is examined, the 

older subjects essentially reach asymptote. For the younger subjects, 

however, the rotation and reflection foils are most problematical, and 

it is only here that the four-year-olds differ significantly from the 

older age group. This finding suggests that the saliency of orien

tation occurs late in development. This result is consistent with 

Piagetian formulations and evidence from perspective taking studies. 

It is possible that the errors exhibited by subjects on perspective 

taking tasks are not due to egocentrism, but to lack of the younger 

child's ability to attend to orientation cues. 

Examination of the four-way interaction involving age gives 

some indication that both four and six-year old children's scores are 

influenced by a ceiling effect in the within-dimension conditions. 

Both, age groups exhibited a depressed level of responding on orien

tation items in the across-dimension conditions. The probable ceiling 

effect limits interpretation of what types of errors are most prev

alent in the within-dimension groups—all error types essentially occur 
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at the same low rate. This result, and the inability to study the 

depth factor in all conditions, creates problems if a test of the 

model presented earlier is to be made. It was hypothesized that 

orientation errors would predominate when the child is asked to dis

criminate a match between the stimulus and response items, the last 

step in the model. Although it would appear that subjects in the 

across-dimension groups have difficulty at this step in the sequence, 

it is possible that the depth aspect plays some role in the children's 

discriminations prior to this step. It may be the case that depth and 

its effects on dimension crossing is in part responsible for the 

children's poorer discriminations in these conditions. The inability 

to measure depth as an error, due to its confounding with object 

removal, and lack of a significant number of orientation errors in the 

within-dimension conditions, clouds this issue. The question thus 

becomes, is depth or orientation responsible for the subject's poorer 

performance in across-dimensional tasks. 

A further aspect of this work may give some insight into this 

issue. This aspect is the different pattern of foil discrimination 

success detected for males and females on the orientation options. 

Specifically, it was found that males appear to experience more diffi

culty than females in discriminating reflections and rotations when 

dimension crossing is required. Earlier work (Rosser et al., 1981) 

indicates that, conceptually, children experience the most difficulty 

with orientation salience as opposed to linearity or unconnectedness. 
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In particular, it was concluded that orientation to a frame of 

reference is not a very salient characteristic for young children. 

Additionally, males experienced greater difficulty with the pres

ervation of orientation than females. This unanticipated finding 

does not concur with other work in this area. Sex-related differences 

are not generally found with children this young (Fairweather, 1976; 

Sherman, 1978) and were not predicted here for overall success. A 

facilitative reference frame is usually conducive to a child's per

formance on. orientation-type tasks (JBerman, 1976; Berman and 

Cunningham, 1977). In examinations of spatial ability such as those 

which involved field dependence-independence, females typically ex

perience less success than males (Maccoby and Jacklin, 1974; Sherman, 

1978). In these latter tasks the provided frame of reference is 

misleading. In both the Rosser (.1981) and the current work, the 

provided frame was facilitative. If males and females exhibit dif

ferential ability in discriminating salience of frame of reference 

cues, it is possible that frame cues affect overall performance on 

spatial tasks in which the frame of reference plays an integral part. 

This work replicates the Rosser (1981) finding that males 

experience more difficulty than females on orientation to a frame of 

reference. These results give some support, therefore, to the notion 

that the higher proportion of orientation errors produced in the cross-

dimensional tasks is in fact due to an inability to discriminate 

orientation saliency as predicted from the model, rather than being a 



function of depth per se. Further tests of the provided model are 

required to substantiate this supposition, however. Until the time at 

which depth as a factor can be directly examined it is suggested that 

the model stand as an approximate representation of childrens' ability 

to deal with dimensionality. 

It can be concluded from this discussion that the majority of 

the developmental predictions concerning childrens' spatial ability 

presented earlier have been substantiated. Specifically, it was found 

that the older children were more successful than the younger ones on 

this spatial task, a finding consistent with Piagetian formulations. 

More important for developmental theory, however, is the finding that 

all children achieved such a high level of success on a task previously 

considered to be a difficult one. The ceiling effect obtained with the 

six year olds' would seem to indicate that this task is much too easy 

for this aged child. Subjects experienced the most difficulty with 

orientation errors, also as predicted. However, the younger subjects' 

greater difficulty with these errors would seem to indicate that the 

ability to correctly discriminate orientation is a late occurring 

developmental characteristic. Both younger and older childrens' suc

cess on the unconnectedness error which, as a topological feature is 

conserved earlier in the developmental sequence, would seem to corrob

orate this statement. Processing factors predicted from the model have 

also been clarified. Related to this is the most significant finding 

of the entire study; that is, all subjects experienced less difficulty 

when performing within dimensions as compared to across dimensions. 



87 

This substantiation of the major prediction from the hypothetical 

model has far-reaching implications not only for theoreticians but for 

applied psychologists as well. It would seem that-this particular 

result should be further examined as, if it is actually a significant 

factor in young children's performance, the ways in which we test and 

instruct children may have to be reassessed. In conclusion, it appears 

that the integration of the developmental and information-processing 

approaches has been successful in providing information pertaining to 

childrens' spatial ability. 
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Table A-l: Summary of Significant Effects for Age and Dimension from 
the Correct Response analysis. 

Age X S 

4 1.44 1.57 

6 3.06 1.60 

Stimulus-Response Condition 

2ds-2dr 3.00 1.36 

3ds-3dr 2.65 1.88 

3ds-2dr 1.55 1.65 

2ds-3dr 1.80 1.81 

Table A-2 : Summary of Main Effects for Age, Dimension and Display 
from the Display Complexity Analysis. 

Age X S 

4 3.59 1.25 

6 4.43 .83 

Dimension 

Within 4.35 .93 

Across 3.67 1.21 

Display 

1 4.31 .89 

2 3.96 1.20 

3 3.94 1.18 

4 3.80 1.25 

5 4.03 1.15 
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Table A-3: Summary of Interaction Effects for Age X Dimension and 
Age X Display. 

DIMENSION DISPLAY 

Within Across 

Age X X X X X X 

4 4.07 1.06 3.11 1.23 

6 4.63 .68 4.23 .92 

3.99 .96 3.51.1.29 3.55 1.30 3.21 1.27 3.68 1.28 

4.63 .68 4.41 .90 4.33 .78 4.39 .91 4.30 .86 

Table A-4: Summary of the Dimension X Display Interaction. 

DISPLAY 

1 2 3 4 5 

Dimension X S X S X S X S X S 

Within 4 .48 .81 4 .39 .96 4 .28 .94 4 .25 .97 4 .35 .99 

Across 4 .14 1 .02 3 .54 1 .26 3 .60 1 .23 3 .35 1 .33 3 .71 1 .20 

Table A-5: Summary of Main Effects for Age and Foil Type for the 
Foil Discrimination Analysis. 

Age X S 

4 3.59 1.65 

6 4.42 .99 

Foil Type 

Correct 4.33 .94 
Unconnectedness 3.99 1.30 
Rotation 3.58 1.85 
Reflection 3.77 1.64 
Depth 4.36 .98 
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Table A-6: Summary of the Stimulus Dimension X Response Dimension 
Interaction from the Foil Discrimination Analysis. 

STIMULUS DIMENSION 

2d 3d 

Response Dimension X S X S 

2d 4.33 .86 3.63 1 .60 

3d 3.71 1.52 4.17 1 .41 

Table A-7: Summary of Interaction Effects for Age X Foil Type and 
Response Dimension X Foil Type. 

FOIL TYPE 

Correct 
Unconnect- , J . 

, Rotation 
edness 

Reflection Depth 

Age X S X S X S X S X S 

4 4.25 1.05 3.66 1.50 2.93 2.05 3.13 1.87 3 .99 1.19 

6 4.41 .82 4.33 .77 4.24 1.34 4.46 1.03 4 .68 .57 

Response Dimension 

2d 4.48 .76 3-81 1.23 3.69 1.26 4.03 1.39 4.39 1.16 

3d 4.19 1.08 4.18 1.34 3.48 1.86 3.56 1.73 4.28 1.04 



92 

Table A-8: Summary of the Stimulus Dimension X Respons.e Dimension X 
Foil Type Interaction. 

FOIL TYPE 

Stimulus-Response 
Dimension 

Correct 
Unconnect- , ,. 

, Rotation 
edness 

Reflection Depth 

X S X S X S X S X S 

3ds-3dr 4.12 1.20 4.43 1.30 4.00 1.66 3.95 1.63 4.32 1.16 

3ds-2dr 4.55 .68 3.53 1.22 2.78 2.13 3.12 1.71 4.18 1.17 

2ds-2dr 4.40 .84 4.10 1.19 4.60 .81 4.83 .55 4.70 .56 

2ds-3dr 4.25 .95 3.92 1.37 2.95 1.91 3.18 1.75 4.23 .93 

Table A-9: Summary of the Age X Stimulus Dimension X Response 
Dimension X Foil Type Interaction. 

FOIL TYPE 

Correct 
Unconnect-
edness 

Rotation Reflection Depth 

Dimensions Age X S X S X S X S X S 

2ds-2dr 
4 4 o 15 .99 3.95 1.43 4.30 1.03 4.75 .72 4 .60 .60 

6 4.15 .59 4.25 .91 4.90 .31 4.90 .31 4 .80 .27 

2ds-3dr 
4 4.35 .93 3.60 1.50 2.00 1.84 2.20 1.70 3 .95 1.00 

6 4.15 .99 4.25 1.16 3.90 1.48 4.15 1.18 4 .50 .76 

3ds-3dr 
4 3.85 1.42 4.20 1.47 3.65 1.98 3.40 1.90 3 .90 1.45 

6 4.40 .88 4.65 1.09 4.35 1.23 4.50 1.10 4 .75 .55 

3ds-2dr 
4 4.65 .59 2.90 1.37 1.75 2.05 2.15 1.66 3 .50 1.32 

6 4.45 .76 4.15 .59 3.80 1.30 4.10 1.12 4 .85 .37 
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Table A-10: Summary of the Sex X Stimulus Dimension X Response 
Dimension X Foil Type Interaction. 

FOIL TYPE 

Correct 
Unconnect-
edness 

Rotation Reflection Depth 

Dimensions Sex X S X S X S X S X S 

2ds-2dr 
Male 4.45 .94 4.20 1.06 4.50 .89 4.95 .22 4 .65 .67 

Female 4.35 .75 4.00 1.34 4.70 .73 4.70 .73 4 .75 .44 

2ds-3dr 
Male 4.20 1.01 3.90 1.62 2.75 2.10 2.85 1.81 4 .20 1.06 

Female 4.30 .92 3.95 1.10 3.15 1.73 3.50 1.67 4 .25 .79 

3ds-3dr 
Male 3.65 1.46 4.65 .93 4.20 1.28 4.10 1.52 4 .40 .99 

Female 4.60 .60 4.20 1.57 3.80 1.99 3.80 1.77 4 .25 1.33 

3ds-2dr 
Male 4.55 .69 3.45 1.47 2.25 2.12 2.75 1.66 4 .05 1.28 

Female 4.55 .69 3.60 .94 3.30 2.05 3.50 1.73 4 .30 1.08 
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