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ABSTRACT 

Adults' ability to perform spatial visualization 

problems was examined within the confines of a visually or 

verbally presented transformation drawing task. Subjects 

mentally manipulated six different three-dimensional 

geometric shapes by performing vertical, horizontal, and 

unfolding transformations on them. Half of the subjects 

were asked to draw the three-dimensional shape prior to the 

transformation task. It was hypothesized that success would 

be functionally related to mode of presentation and gender, 

and that both variables might interact with the drawing 

condition and type of transformation. Significant effects 

from a mixed design ANOVA included sex, condition, type of 

transformation, the sex by condition interaction, and the 

sex by mode of presentation by type of transformation 

interaction. 
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CHAPTER 1 

INTRODUCTION 

It has long been recognized that the majority of 

scientific and technical professions require mathematical 

competence as a prerequisite to formal training. Thus, 

high school and college curricula invariably include 

instructions in a range of mathematical content to ensure 

preparation proficiency in these crucial prerequisite 

skills. There is little doubt that, at a minimum, algebra, 

geometry, and calculus form a necessary basis for advanced 

training in scientific and technical fields. In addition, 

it has been noted that women are underrepresented in these 

technical fields (Ernest, 1976; Sells, 1976; Fox, Fennema, & 

Sherman, 1977), and that they perform less ably on measures 

of mathematical achievement (Maccoby & Jacklin, 1974; Fox, 

1977; Sherman, 1978). 

It has been suggested (Fox, Fennema, & Sherman, 1977) 

that mathematical achievement may be closely related to 

spatial competence, the ability to process and manipulate 

spatial information. Given that females demonstrate less 

proficiency on measures of mathematical achievement, it may 

be that the observed differences in male and female scores 
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reflect differences in expertise with the processing and 

manipulation of spatial information. Investigations have 

generally revealed that females are less successful than 

males on aptitude measures designed to tap spatial abilities 

and spatial reasoning (Bennett, Seashore, & Wesman, 1966; 

Sherman, 15 77; Maccoby & Jacklin, 1974; Fennema & Sherman, 

1976; McGee, 1979). In addition, women are also under-

represented in technical fields in which spatial abilities 

are relevant (e.g., the design professions; drafting, 

architecture, and engineering) and which require some degree 

of spatial proficiency (McGee, 1979). The body of litera

ture from which these' conclusions about sex differences in 

spatial abilities have been drawn also.reveal that both the 

age of the subject and the type of task are important 

variables influencing whether differences are detected 

(Fairweather, 1976). The evidence for sex differences in 

preadolescents is particularly sparce, for example. In fact, 

it is not until post adolescence that sex differences in 

spatial abilities are reliably found (Fairweather, 1976; 

Sherman, 1977; McGee, 1979). 

Tasks on which the greatest differences between male 

and female performances arise are those that tap what Lohman 

(Reference Note 1) calls spatial visualization tasks. 

Lohman (Reference Note 1) identifies three spatial factors. 

The first factor, spatial orientation (SO), involves the 
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ability to anticipate how a stimulus array appears from 

various perspectives. Investigators do not report 

significant sex differences when a spatial orientation task 

is used as a measure of spatial ability. A second factor is 

termed spatial relations (SR) . This factor involves the 

mental rotation of a visual stimulus. Yen (1975) and McGee 

(1979) both report an advantage for males on a mental 

rotation test. Metzler and Shepard (1974) and Kail, Carter 

and Pellegrino (1979) found that females relative to males, 

took more time to solve a rotation problem when latency was 

used as the dependent measure. Furthermore, as the degree of 

rotation increased the difference in the performance speed of 

male and female subjects increased. The third factor, 

spatial visualization, represents performance involving the 

reproduction and/or combination of spatial information at the 

internal level. Much of the evidence that gave rise to 

conclusions regarding sex differences in spatial abilities 

emerged from the standardization of group intelligence sub

tests tapping the spatial visualization factor. For example, 

Mattazaro (197 2) reported a significant difference in favor 

of males in the 1955 standardization sample for the Block 

Design subtest of the WAIS. Bennett, Seashore, and Wesman 

(1966) reported a male superiority on the space battery of 

the Differential Aptitude Test. Yen (1975) reported a male 

advantage on the Primary Mental Abilities Spatial Relations 
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subtest, the Form Board Test (DAT) and paper folding (DAT). 

All of these subtests load heavily on the visualization 

factor. 

When a spatial visualization type task is used as 

the measure of spatial ability, evidence of a positive 

relationship between spatial abilities and mathematical 

achievement is supported (Guay & McDaniel, 1977). In 

particular spatial abilities appear to have relevance for 

specific mathematical content like calculas (Eisenberg & 

McGinty, 1977) and geometry (Bennett, Seashore, & Wesman, 

1974). It is interesting to note the close correspondence 

between the point at which traditional Euclidean geometry 

is.offered and the large drop-off in the number of females 

enrolled in mathematics courses (Fennema, 1977). Solving 

traditional Euclidean geometric problems may involve the 

spatial visualization abilities since the subject must 

typically reproduce and/or combine spatial information at 

the internal level. 

While evidence exists to support male superiority on 

problems involving spatial visualization abilities, the 

reason behind observed female disadvantages remains open to 

debate. In attempting to clarify the reasons for the 

observed discrepancy in male and female scores, some 

researchers have argued that the discrepancy is genetically 

related (Bock & Kolkowski, 1973; Fairweather, 1976; Lansdell, 

1968; Taylor & Warrington, 1973; Yen, 1975). Other 
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investigators examine environmental variables and argue that 

the discrepancy is not genetically related but rather that it 

is culturally based (Berry & Annis, 1974; Maccoby, 1966; 

Witkin, Dyk, Saterson, Goodenough, & Karp, 1962). Still a 

third approach is to attempt to identify the underlying 

mechanisms and/or processes involved in spatial problem 

solving. Perhaps different strategies are available that 

are relatively more or less efficient for the solving of 

spatial problems. By examination how males and females 

solve spatial problems, the reasons for the observed 

discrepancy between male and female scores on spatial tasks 

may be illuminated. Thus, this final tact focuses on the 

steps in processing that occur when someone solves a 

spatial task. 



CHAPTER 2 

REVIEW OF LITERATURE 

Investigators interested in the mechanisms involved 

in solving spatial tasks have postulated the role of internal 

mediation in spatial tasks (Cooper & Podgorny, 1976; Marmor, 

1975; Metzler & Shepard, 19 74; Shepard & Chipman, 1970; 

Shepard & Feng, 1972; Shepard & Metzler, 1971; Rosser, 

Note 2). The results of these studies indicate that the 

internal mediation used to solve these spatial problems may 

be that of mental imagery. In examining imagery as a method 

by which people internally represent information, Kosslyn 

(1978) concludes that the imagery process is a close fit 

with the visual process in general, and that imaging has 

close parallels with seeing. 

The argument for the functional nature of the image 

is based upon the hypothesized existence of some type of 

processor which deals with the image in a manner similar to 

the visual perception processor's handling of sensory infor

mation. Whether this hypothesized processor actually exists 

at the storage level is an unresolvable debate, at least at 

this point in time (Anderson, 1980). However, evidence that 

the imagery processing system functions much like the visual 
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processing system, at least at the recall level, can be 

drawn from a number of empirical investigations. Hayes 

(1973a) and Kosslyn (1975) found that images not only 

represent different sizes of an object, but that size is a 

determining factor in how quickly the image can be processed. 

Thus, images are like percepts in that they have spatial 

characteristics and function systematically in cognitive 

processing. Furthermore, results of Kosslyn (1973) and 

Kosslyn, Ball, and Reiser (1978) indicate that metric 

distances are embodied in mental images the same as they are 

in percepts of a picture. Kosslyn and Shwartz (1977) 

demonstrated that spatial boundaries of the image interfere 

with the inspection of the entire image just as they do in 

perception. Finally, Finke and Kosslyn (1980) reasoned that 

because acuity in perception is reduced as objects are 

observed at more peripheral regions of the visual fields so 

also should mental acuity be reduced as objects are imaged 

at progressively more peripheral regions. Results of this 

investigation substantiate the hypothesis. 

Although visual processing and imagery share common 

characteristics, they do, in fact, differ. Images can be 

constructed from different sorts of information, including 

both past visual experiences as well as from verbal state

ments. Perhaps the efficacy of the imagery process, when 

employed as the internal mediator for the solving of spatial 
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tasks, is dependent upon how the spatial information is 

presented to the person performing that task. To clarify, 

the imagery process may function better when information is 

presented through the visual channel since the imagery 

processing system has been shown to share many of the same 

characteristics as the visual processing system. Thus, an 

interesting research question is to what extent mode of 

presentation, visual or verbal, effects the efficacy of the 

imagery process in a spatial problem solving task. 

Accentuating differences associated with the mode of 

presentation of the problem or the gender of the subject may 

help to further clarify the nature of the underlying 

mechanisms and/or to clarify the strategies used by males and 

females to solve spatial problems. Past research indicates 

that learning and performance can be either facilitated or 

hindered when subjects act on a sequence of related infor

mation. Results of studies conducted by Ausubel, Robbins, 

and Blake (1957) , and Ausubel, Stager, and Gaite (1968) 

suggest that subjects who engage in an interpolated activity 

that is similar but conflicting in content to that of the 

test material, perform better on that tested material. Other 

investigators, Anderson and Myrow (1971) and Myrow and 

Anderson (1972), investigated interference factors with 

subjects who were asked to process and learn meaningful 

material. They found that learning and performance were 
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increasingly hindered when the interpolated activity 

became less conflicting and more similar to the original 

test. Thus, inclusions of an interpolated activity that 

is similar versus conflicting to the actual dependent 

measure should accentuate performance differences due to mode 

of presentation or gender. 

A related task which requires spatial visualation 

processes but which occurs prior to the manipulation of 

presented spatial information might serve such an interfering 

function and thus should accentuate performance differences. 

Furtheremore, such a task like an interpolated drawing task 

in which the subject is asked to reproduce the image by 

concretizing, or drawing the image, would force the subject 

to deal with the information spatially. If a spatial/visual 

strategy was being used to solve the task, then the con-

cretization of the image should not affect performance on 

the transformation task. However, if a different strategy, 

i.e., verbal strategy, was being used to solve the trans

formation task then the concretization of the image may 

interfere with performance. Thus, an interpolated drawing 

task which requires the subject to concretize the image 

would not only accentuate performance differences due to 

mode of presentation or gender but may also provide some 

insight into the underlying strategies used to solve spatial 

visualization problems. 
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In summary, although the nature of the internal 

representation at the storage level is an unresolved issue 

at this point in time (Anderson, 1980), the efficacy of the 

imagery process for the solving of spatial tasks is still 

of investigative interest. The present study was designed 

to evaluate the efficacy of the imagery process by utilizing 

a transformation task which required the subjects to intern

ally manipulate spatial information. Thus, the task was 

designed to tap the spatial visualization factor, the spatial 

factor that in the past has revealed the greatest difference 

in the scores of males and females. By varying the mode of 

presentation of the task and by including an interpolated 

drawing activity which forces even further spatial 

processing, the conditions and factors which influence the 

efficacy of the imagery process can be clarified. Further

more, if females exhibit lower scores on the task, the 

conditions under which their performance degenerates may 

be identified. Thus, this investigation may suggest 

specific areas and possible reasons for the difficulty that 

females encounter when performing spatial visualization type 

tasks. 



CHAPTER 3 

METHODS 

Subjects 

Thirty-six male and thirty-six female undergraduate 

students enrolled in an introductory psychology course 

participated in the study for extra credit. Eighteen male 

and eighteen female subjects were randomly assigned to the 

verbal mode of presentation group, while the remainder 

were assigned to the visual presentation group. Within each 

of these groups, nine randomly selected subjects were 

directed to participate in a drawing activity between the 

time of presentation of the task stimulus and the solving of 

the spatial transformational task. 

Material Preparation 

Two pilot studies were conducted prior to the 

investigation. The purpose of the first pilot study was to 

ensure that there was no difference in the amount of 

information offered in the visual versus verbal mode of 

presentation. Forty subjects were asked to name the six 

geometric shapes that were to be used as task stimuli in 

the investigation. Half of the subjects were presented 

with a picture of the geometric shapes (visual mode), while 
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the remainder were presented with a written verbal description 

of the geometric shapes (verbal mode). The analysis indicated 

that there was no significant difference in the two groups' 

ability to give the correct names of the geometric shapes. 

The purpose of the second pilot study was to establish 

a procedure for scoring the 18 transformational drawings 

required in the investigation. Thirty subjects were asked to 

reproduce from memory the 18 correct transformations. The 

subjects were given a 36 page booklet in which every other 

page presented one. of the 18 correct transformational 

drawings. The subjects studied each drawing and then turned 

the page and drew from memory the same two-dimensional plane 

figure. From the results of this pilot study, the criterion 

required for a correct response for each of the transfor

mations was established. 

Materials and Scoring 

The transformation task materials included 72 

booklets which were made with 8 1/2" x 11" white paper. 

Each booklet was bound on one of the 8 1/2" sides. The 

booklets included a total of 18 problems each requiring 

three pages in the booklet. The to-be-imaged task stimuli 

on which three separate transformation tasks were required 

were presented on the first of every three pages. The task 

stimuli included six geometric solids: pyramid, truncated 
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pyramid, cube, cone, cylinder, and rectangular box. The 

base of each stimulus was a 2" square. In the visual 

condition the booklets featured a picture of a geometric 

shape, whereas in the written verbal condition the booklet 

incorporated a written description of the shape. For 

example, the description of the pyramid read as follows: 

"Imagine a pyramid. The base is a 2" square. Every point 

on the base is connected to a single point in space. The 

height (measured from the center of the base to the point in 

space) is 4"." 

The second page of each of the 18 problems in the 

booklets had instructions to either "draw as accurately as 

possible a picture of that image" or to "turn the page," 

depending on whether the booklet was one that included the 

interpolated task. 

The third page of each problem presented the 

instructions for the performing of the transformation task. 

These included the taking of either a vertical or horizontal 

section of the image at the midpoint or the unfolding of the 

image so that the result was a two-dimensional figure. For 

example, the vertical transformation instructions read, 

"Imagine taking a vertical slice of the image at the exact 

midpoint so that the slice results in a plane figure. Draw 

as accurately as possible a picture of that slice." 
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The only other materials used in the study included 

a 2 1/2" x 3 1/2" x 5 1/2" toy house made of brown cardboard 

and, black and white line drawings of the vertical, 

horizontal, and unfolding transformations of the toy house. 

These materials were used as examples in the instructions 

that preceded the experiment. 

One point was awarded for each correct transforma

tional drawing. Thus, a total of 18 points was possible for 

each subject. To earn the point for a correct response the 

subject had to produce the correct shape of the required 

transformation. For example, the correct response for the 

horizontal transformation of the pyramid was a 1" square. 

To be considered correct, the response had to be a square in 

which the angle at each corner measured no larger than 110° 

and no smaller than 70°. Also, each side had to be within 

20% of the length of each of the other sides. All drawings 

were independently scored by two judges using the same 

criteria. Inter rater agreement was computed by taking: 

number of responses scored the same way x 100 
total number of responses 

Agreement calculated by this method equaled 98%. 

Procedures 

The experiment was conducted in a group setting. 

The subjects were randomly assigned to one of four groups: 

visual-drawing, visual-nondrawing, verbal-drawing, verbal-

nondrawing, with nine male and nine female subjects in each 
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group. After each subject was given the appropriate test 

booklet the experimenter presented general instructions for 

the experiment. The subjects were told to "read carefully 

and follow all instructions in the test booklet." The 

experimenter emphasized that once the subject had completed 

and turned a page in the booklet, he/she was not to turn 

back to a prior page. 

The subjects were told that the booklets contained 

18 problems and that each problem utilized three pages. 

The experimenter explained that the first page of each 

problem required the subject to form an image of a geometric 

shape. The experimenter showed the subjects the toy house 

and said that the house was similar to the six geometric 

shapes that they would be asked to imagine. She explained 

that the subjects should form "as good of an image of that 

shape as possible," and that when the image was stabilized, 

they should turn the page. 

The instructions regarding the second page of each 

problem were limited. As only half of the subjects were 

required to draw a picture of that image, the experimenter 

simply told the subjects to "follow the instructions 

printed on that page and then turn to the next page." 

Finally, the vertical, horizontal and unfolding 

transformational tasks which were required on the third page 
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of each problem were explained. A correct drawing of the 

vertical, horizontal, and unfolding transformations of the 

toy house were shown to the subjects as the experimenter 

verbally explained each transformation. Supplementary 

instruction was given to ensure that the subjects knew the 

difference between the vertical and horizontal and also what 

was expected for the unfolding transformation. 



CHAPTER 4 

RESULTS 

The data were analyzed in a 2 (sex) x 2(condition) x 

2(mode of presentation) x 3( type of transformation) mixed 

design analysis of variance with repeated measures on the 

last factor. Significant main effects were found for sex 

F 1,64=20.74, £<.001 favoring males, for condition, F 

1,64=10.65 £<.005, favoring the non-drawing condition, and 

for trials F 2,128=92.8, £<.001. A Tukey Post Hoc Procedure 

(Kirk, 1968) revealed that the vertial and horizontal 

transformations did not differ significantly in difficulty 

and both were significantly easier than was the unfolding 

transformation. Both contrasts were significant at p<.01. 

The descriptive data and a summary of the ANOVA are presented 

in Tables 1 and 2. 

The main effects detected in the analysis must be 

qualified by the significant sex by condition interaction, 

F 1,64=5.92, £<.025, and the sex by presentation by 

transformation interaction, F 2,128=2.95, £<.05. A Tukey 

Post Hoc Procedure (Kirk, 1968) was performed on the data 

that revealed these interactions. Results indicated that in 

17 
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Table 1. Summary of Analysis of Variance. 

Source df SS MS F P 

A (sex) 1 66.6 66.6 20.74 <.001 

B (condition) 1 34.2 34.2 20.65 <.005 

C (presentation) 1 .6 .6 .19 ns 

AxB 1 19 19 5.92 <.025 

AxC 1 4.3 4.3 1.3 ns 

BxC 1 .4 .4 .12 ns 

AxBxC 1 0 0 0 ns 

S/ABC 64 205.5 3.21 

D (transformation) 2 204.2 102.1 92.8 <.001 

AxD 2 1.9 10 .9 ns 

BxD 2 .3 .15 .14 ns 

CxD 2 .3 .15 .14 ns 

AxBxD 2 .2 .1 .09 ns 

AxCxD 2 6.5 3.25 2.95 <.05 

BxCxD 2 4.1 2.1 1.9 <.10 

AxBxCxD 2 1.0 .5 .45 ns 

SD/ABC 128 138.5 1.1 
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Table 2. Means and Standard Deviations of Gender, Condition, 
and Trials. 

Gender 

X 

a  

X 

a 

X 

G 

Males 

13.6 

2.33 

Non-Drawing 

13.1 

3.20 

Vertical 

4.7 

1 . 1 2  

Condition 

Trials 

Horizontal 

4.7 

1 . 1 2  

Females 

10.3 

3.34 

Drawing 

10.7 

2.47 

Unfolding 

2 . 6  

1.27 

the sex by condition interaction there was no significant 

difference in the performance of males and females in the 

non-drawing condition. However, while males continued to 

perform at this same level in the drawing condition, females 

showed a significant drop in performance when drawing was 

required (jd<.01) . These data are presented in Figure 1. 
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Figure 1. Correct Response Level as a Function of Gender and 
Condition. 
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Regarding the sex by condition by transformation 

interaction: In general the vertical sections are of 

equivalent difficulty to the horizontal sections, both of 

which are easier than the unfolding sections (p<.01). 

However, in the verbal condition males do not significantly 

outperform females on any of the transformation, but in the 

visual condition males significantly outperform females on 

the most difficult (i.e., unfolding) transformation (p<.01). 

These data are presented in Figure 2. 
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Figure 2. Correct Response Level as a Function of Gender, Mode of Presentation, 
and Type of Transformation. 



CHAPTER 5 

DISCUSSION 

The results of this study lend support to the notion 

that under certain conditions females have more difficulty 

than males in solving spatial problems that involve the 

spatial visualization factor. In both the visual and 

verbal mode of presentation groups, there was no significant 

difference in the performance of males and females when they 

were not asked to draw the image between the time of imaging 

and the transformation task. However, when the female 

subjects were asked to draw the image prior to the 

transformation task, their scores dropped significantly. 

Furthermore, it should be noted that as the transformation 

task became more difficult to perform the mode of 

presentation became increasingly important as a factor in 

performance. The sex by presentation by transformation 

interaction indicated no significant difference in the 

performance of males and females in either the visual or 

verbal presentation groups when performing the vertical and 

horizontal transformation. However, on the most difficult 

transformation, the unfolding transformation, males far 

outdistanced females but only in the visual presentation 

23 
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group. As the task became more difficult, females in the 

visual presentation group performed, relative to males, 

increasingly less well. 

Past research that supports the notion that females, 

relative to males, lack in their ability to internally 

reproduce and/or combine spatial information on an internal 

level should be qualified. As the results of this study 

suggest, other factors such as an interpolated drawing task 

or difficulty level of the task combined with mode of 

presentation, interact with sex and affect the efficacy of 

the imagery process for the solving of spatial transfor

mational problems. Thus, in solving spatial problems it 

could be that these and possibly other factors bear on the 

difference between the scores of males and females, not 

strictly the ability to reproduce and/or combine spatial 

information at an internal level. Furthermore, various 

conditions that foster the difference between the scores of 

males and females could be part of the reason why the 

amount of variance accounted for, as noted by Lohman 

(Reference Note 1), has been reportedly low. 

Close examination of these results suggest that 

females tend to have difficulty when they encounter a 

demand to concretize the image. Their scores dropped 

significantly when asked to draw the image prior to the 

transformation. A possible explanation of why females' 
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scores drop when they are forced to concretize the image 

may be that females are then forced to use a strategy that 

is not as functionally efficient for them. Concretizing 

may force a spatial mode of problem solving. If one is 

functioning visually/spatially, then concretizing the image 

should not make a difference. If one is using a verbal 

problem solving strategy, then concretizing could interfere. 

If females are more inclined to solve spatial problems by a 

verbal strategy to change to a visual/spatial problem 

solving strategy could produce lower scores. When concreti-

zation of the image was not required as in the non-drawing 

condition and in the verbal presentation group, females 

were more able to solve the transformation task. Further

more , as the task became increasingly more complex the 

females' scores, relative to males, dropped significantly 

but only in the visual mode of presentation condition. In 

a more complex spatial task that is presented visually, a 

verbal problem solving strategy may become relatively less 

efficient. Thus, it seems that on complex spatial tasks 

females are either using a less efficient verbal strategy 

or because of the complexity of the problem they change to a 

visual/spatial strategy which in general they are not 

inclined to use. For the male subjects neither the mode of 

presentation nor the interpolated drawing task significantly 

affected their ability to solve the transformation tasks. 
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As the concretization of the image did not hinder males' 

ability to perform the transformation task, it seems that 

males may have used a visual/spatial strategy despite the 

mode of presentation and whether or not they were asked to 

concretize the image. The difficulty of the transformation 

was the only variable that produced a significant difference 

in the scores of the male subjects. As expected, for both 

males and females, the vertical and horizontal transformations 

were of equal difficulty and both were less difficult than 

the unfolding transformation. As the unfolding transfor

mation required more internal manipulation, the unfolding 

of each side versus one section through the middle, it is 

not surprising that the score on the unfolding task were 

lower. 

In summary, the results of this study indicate 

that the conditions under which a spatial visualization 

task is performed affect whether a significant difference 

in the performance of male and female subjects is detected. 

When a concretization of the image of the stimulus to be 

acted upon is required, females' performance on the spatial 

visualization task degenerates and differs significantly 

from the performance of males. Thus, examination of various 

conditions under which a spatial visualization task is 

performed seems fruitful in clarifying the reasons why 

females have, in general, performed less well than males. 
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To better understand why female performance degenerates under 

certain conditions further research is necessary. Perhaps 

further investigations into males' and females' ability to 

process and internally manipulate spatial information 

presented in different modes would illuminate the underlying 

reasons for females lower scores on spatial problems. 
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