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ABSTRACT

The purpose of this study was to explore an integrated approach to

the investigation of gender related individual difference variables and

the performance/experience with temporal/spatial tasks. The gender

related individual difference variables were: (a) gender identity, Bern

Sex Role classification; (b) spatial visualization ability, DAT Space

Relation Test score; and (c) degree of lateralization, the log-odds

ratio of dot enumeration test scores. The performance/experience

variables were: (a) skill level, either skilled (current

intercollegiate athlete in temporal/spatial sport) or unskilled (never

participated in organized competitive athletics, temporal/spatial or

spatial) and (b) performance of the Coincidence-Anticipation Accuracy

Microcomputer Diskette, with regard to absolute, constant, and variable

error. Participants were 119 college students aged 17-25, 59 males and

60 females. A 2 x 2 MANOVA (Wilks' Lambda, p = .05) was used to

investigate the relationships between gender and/or skill level. The

Bonferroni multiple comparisons method (£ < .008) was used to evaluate

all possible pairwise comparisons. Pearson product-moment correlation

technique was used to determine the relationships between the dependent

measures. The pattern of difference among gender, skill level, and

gender identity was computed by a Chi-Square statistic.

The multivariate and univariate results indicated that:

(a) skilled and unskilled males had better coincidence anticipation

performance than unskilled females, (b) skilled males and skilled

iv
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females did not differ, (c) degree of lateralization did not differ

across gender and/or skill level, (d) unskilled males exhibited the

best temporal and/or spatial performance overall, and (e) the unskilled

females had the poorest performance overall. With respect to gender

identity: (a) unskilled females were categorized mostly as feminine,

(b) skilled females had the largest percentage of androgynous subjects,

and (c> males had no significant gender identity pattern. Taken

together, the major findings provided the strongest support for the

theory of socialization. However, specific contributions of nature and

nurture were not determined; therefore, it was concluded that an

integrated approach continues to be necessary for the investigation of

the complex concept of temporal/spatial task performance/experience.
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CHAPTER I

INTRODUCTION

Theories of lateralization (Davidoff, 1977; Hughes, Wilson-Derose,

& Kiely, 1980) and socialization (Friedman, Catalano, & Lombardo, 1985;

Wrisberg, Paul, & Ragsdale, 1979) have been offered as explanations for

the differences in learning and performance of tasks. Verbal, spatial,

and mathematical abilities have been the focus of both theoretical

areas of research (Maccoby & Jacklin, 1974) with spatial ability

producing the largest and most robust differences from within each

framework (Halpern, 1986).

The organizational structure of the brain is described as

functional brain asymmetry (Springer & Deutsch, 1981). In general,

language functions are specialized in the left cerebral hemisphere; and

structure, perception, and hard-to-verbalize stimuli are specialized in

the right cerebral hemisphere (Doyle, Ornstein, & Galin, 1974; Galin &

Ornstein, 1972; Kimura, 1961, 1964, 1966, 1973; Milner, 1962, 1971).

More specifically, the right cerebral hemisphere is specialized for

synthesizing, analyzing, and simultaneous processing of parallel

sources of visual, spatial, tactile, and nonlinguistic stimuli in a

holistic gestalt-type strategy (Gazzangia, 1978; Nebes, 1973; Ornstein,

1972). In contrast, the left cerebral hemisphere is specialized for

analyzing, abstracting, and verbally labeling informational stimuli

through sequential processing (Cohen, 1973; Kimura & Durnford, 1974).

Spatial perception and processing strategies of the right cerebral
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hemisphere are important to dance, art, music, and athletics (Ornstein,

1972).

Lateralization theory (Levy, 1972, 1974) suggests that males are

more lateralized than females. Regarding cognitive abilities, females

are bilateralized with language functions represented in both

hemispheres, while males are more lateralized with language functions

represented only in the left hemisphere. This greater lateralization

for males permits more specialization of the right hemisphere for

processing of spatial tasJcs, and, thus, is one explanation for the

superior spatial taslc performance of males as compared to females

(Balcan & Putman, 1974; Davidoff, 1977; Kimura, 1973; McGlone &

Davidson, 1973). Dichotic listening taslcs (Kimura, 1964, 1967; LaJce &

Bryden, 1976) and tachistoscopic visual procedures (Bryden, 1965, 1966,

1976; Kimura, 1966; Levy & Reid, 1976; McGlone & Davidson, 1973) have

been used to determine the degree of lateralization. Clinical studies

(McGlone, 1977, 1978; McGlone & Kertesz, 1973) have also provided

support for the gender differences in lateralization: (a) the speech

of right-handed males was more dramatically affected by left side

lesions than by right side lesions; (b) spatial deficits were more

predominant for right side lesions that left side lesions for both

males and females; (c) right side lesions produced greater deficits in

performance of spatial tas)cs by males than by females; and (d) the

occurrence of aphasia was three times greater for males than females

with left hemispheric lesions. Further support has come from

investigations of neurologically normal subjects who were tested with

EEG instrumentation. Specifically, females were found to have similar



EEG activity for spatial and verbal tasks while males had higher EEG

activity in the right hemisphere for spatial tasks and higher left

hemispheric activity for verbal tasks (Baken & Putman, 1974; Galin &

Ornstein, 1972; Ray, Morell, Frediana, & Tucker, 1976; Ray, Newcombe,

Semon, & Cole, 1981; Tucker, 1976). Through the comparison of the

results of clinical studies and the findings of studies utilizing

neurologically normal people, support for the lateralization theory can

be construed (McGlone, 1980).

Socialization theory (Sherman, 1967) suggests that differential

childhood experiences influence an individual's spatial ability.

According to this theoretical explanation, differential childhood

experiences appear to be related to the gender identity of the

individual (Green, Williams, & Goodman, 1982; Harris, 1974). The

fundamental beginning of one's future gender identity occurs at the

time of birth (Rubin, Provenzano, & Luria, 1976) and, by the age of six

years, individuals are able to identify themselves according to the

appropriate gender role (Maccoby & Jacklin, 1974). American society

has typically held that the appropriate gender role for males is

masculine and for females feminine (Bern, 1975). The process by which

individuals develop their gender identify is known as gender role

socialization and parents are major agents of socialization (Lewko &

Greendorfer, 1978). Parents shape the child's gender identity by their

interactions with the child and their reinforcement of the behaviors of

the child that they deem appropriate according to the standards set by

society (Block, 1973, 1979; Kelly & Worell, 1976; Orlofsky, 1979). The

masculine gender role stereotype implies that a person is active.
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aggressive, rule-governed, competitive, goal-oriented, organized, and

instrumental; while the feminine gender role stereotype is that of a

person who is passive, submissive, idiosyncratic, cooperative, chaotic,

disorganized, and expressive (Oglesby, 1984). More behavioral limits

are imposed by the feminine gender role stereotype than by the

masculine stereotype (Lever, 1976), especially in the area of sport

participation (Berlin, 1974; Birrell, 1983).

The majority of athletic activities, especially competitive

athletics, has been classified as masculine, and participation in these

activities has often been considered by society as inappropriate for

females (Colley, Roberts, & Chipps, 1985; Duquin, 1978; Snyder &

Spreitzer, 1978; Sutton-Smith, Rosenberg, & Morgan, 1963). Since the

expressive orientation of the feminine gender role stereotype conflicts

with the instrumental orientation of competitive athletics (Zoble,

1976), it is predicted that the majority of females and individuals

with a feminine gender identity will refrain from participating in such

activities (Duquin, 1978). Lack of participation in such activities,

because of the stigma of gender inappropriateness, may result in the

failure to learn behaviors associated with those activities (Bem,

1975). Therefore, gender role stereotype characteristics may not only

affect participation in vigorous competitive athletics, but also

proficiency in other cognitive tasks such as mathematics (Nash, 1979).

According to Sherman (1967), cultural gender role stereotyping may

provide males and individuals with masculine gender identity more

opportunities to practice temporal/spatial skills. Therefore, it might

be hypothesized that the psychomotor abilities associated with specific
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activities will not be as highly developed in females or in individuals

with a feminine gender identity as they are with males or individuals

with a masculine gender identity. If this is true, males or

individuals with masculine gender identity would be expected to have

more spatial ability and perform better on tasks with temporal/spatial

demands than females or individuals with a feminine gender identity

(Friedman et al., 1985).

Socialization theory has been supported by the following findings:

(a) female spatial ability scores have been found to improve following

training in spatial tasks (Liben, 1978; Stericker & LeVesconte, 1982);

(b) significant correlations have been found between participation in

activities with spatial demands and performance on spatial ability

tests (Hansen, Jamison, & Signorella, 1982; Lunneborg & Lunneborg,

1984; Newcombe, Bandura, & Taylor, 1983); and (c) higher performance on

the spatial ability tests have been observed for individuals with

masculine gender identity as compared to feminine, androgynous, and

undifferentiated gender identity (Hansen et al., 1982; Jamison &

Signorella, 1980; Popiel & DeLisi, 1984; Signorella & Jamison, 1986).

The data used for a meta-analysis of gender differences in cognitive

abilities (Rosenthal & Rubin, 1982) was a reevaluation of the data

analyzed by Hyde (1981), and the results revealed a trend of decreasing

gender differences for the cognitive areas over the past 20 years.

Spatial ability is a component in the learning and performance of

many motor tasks (Whiting, 1969). Information processing theories

(Bernstein, 1967; Welford, 1972; Whiting, 1969) describe human motor

performance as an integration of environmental input through the
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processes of perception, translation, and effection. Spatial ability

is directly related to the process of perception; that is, the

organization and attaching of meaning to the stimuli received through

the sensory system. The information concerning the movement of objects

in the environment provided by vision is essential in the development

of the corresponding motor response and performance of the motor task

(Gentile, 1972; Poulton, 1957; Schmidt, 1982). Gentile, Higgins,

Miller, and Rosen (1975) have classified tasks as: (a) spatial, no

movement in the environment; or (b) temporal/spatial, movement in

and/or of the environment.

Numerous researchers in the field of motor control/motor learning

have focused their attention on the component of motor skills known as

coincidence anticipation (Dorfman, 1977; Dunham & Glad, 1985; Petrakis,

1985; Wrisberg, Hardy, & Beitel, 1982; Wrisberg et al., 1979). The

term was coined by Belisle (1963) and has been defined by Schmidt

(1968) as the ability to anticipate the moment a stimulus will arrive

and to respond coincident with that moment of arrival. Stadulis (1971)

suggested that coincidence anticipation is an underlying factor of

various gross, as well as fine, motor skills.

Poulton (1957) defined three types of anticipation. The first,

effector anticipation, dealt with prediction of the length of time

needed for the movement to reach the intercept point. The second,

receptor anticipation, involved the determination of the amount of time

required for the moving object to arrive at the intercept point. The

third, perceptual anticipation, referred to the subject's ability to

predict the position of the object at the completion of the movement.
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As described, coincidence anticipation is a visuospatial task with

temporal/spatial environmental demands requiring perceptual

anticipation.

In coincidence anticipation studies, the variable of gender has

produced inconsistent results with female performers either equal,

inferior to and, for one study, superior to male performers (Dorfman,

1977; Dunham & Glad, 1985; Haywood, 1980; Wrisberg et al., 1982;

Wrisberg et al., 1979). Spatial ability investigations have also

reported conflicting results that follow the same pattern of the

coincidence anticipation results in regard to the variable of gender

(Friedman et al., 1985; Olson & Elliot, 1986; Popiel & Delisi, 1984;

Sherman, 1974; Stericker & LeVesconte, 1982). Explanations for these

findings have followed either a nature or nurture framework; both have

weaknesses and are singularly inadequate (Halpern, 1986). Recent

reviewers (Halpern, 1986; Harris, 1981; McGee, 1979; McGlone, 1980;

Newcombe, 1982; Sherman, 1978) have concluded that the issue is not

either/or answer in regard to nature and nurture, but instead an

integration of socialization theory and the various biological

theories, of which lateralization is one.

Statement of Purpose

The purpose of the present study was to explore an integrated

approach to the investigation of gender related individual difference

variables and the performance/experience of a temporal/spatial task.

The following gender related variables were considered: (a) degree of

lateralization, (b) spatial visualization, and (c) gender identity.
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The following temporal/spatial performance/experience variables were

considered: (a) coincidence anticipation measures and (b) skill level.

The following subproblems were studied to determine whether:

1. There were multivariate differences by gender, skill level,

and/or gender by skill level for spatial visualization ability,

coincidence anticipation performance, and degree of lateralization.

2. A significant negative relationship existed between spatial

visualization ability and coincidence anticipation performance.

3. A significant negative relationship existed between spatial

visualization ability and the degree of lateralization.

4. A significant positive relationship existed between

coincidence anticipation performance and the degree of lateralization.

5. A significant interaction existed among gender, gender

identity, and depth of skill.

Definitions of Terms

The following theoretical and operational definitions were used

consistently throughout the text.

Coincidence Anticipation Performance—A component of motor skills

that: (a) is the ability to predict the moment and position of

stimulus arrival and to respond coincident with the moment of arrival

at the predetermined position (Schmidt, 1968) and (b) has temporal/

spatial environmental demands (Gentile et al., 1975). Coincidence

anticipation ability was demonstrated by the performer as he/she

attempted to depress a computer key simultaneously with the arrival of

a cursor moving across the computer monitor at a predetermined point



9

and was represented by absolute error, constant error, and variable

error.

Absolute Error (AE)—A quantified measure of the magnitude of the

deviation from the target, regardless of direction, that was

represented by using the absolute mean value for the error on each

trial, thus averaging across 20 trials provides the mean absolute

error.

Constant Error (CE)—A quantified measure of the deviation from

the target, indicating both the direction and magnitude of the

performer's bias, was determined by using the mean algebraic value of

the error for each trial averaged across 20 trials.

Variable Error (VE)—A quantified measure of the magnitude of

deviation of one's responses in relation to the algebraic mean (CE) of

the individual's responses; also referred to as the standard deviation

of the constant error for the 20 trials.

Gender Identity—Perception of one's self on masculinity and

femininity dimensions as measured by responses on the Bem Sex Role

Inventory (Bem, 1974). Gender identity categories are androgynous,

feminine, masculine, and undifferentiated.

Androgynous—The gender identity of an individual who exhibits

both masculine behaviors (e.g., instrumental, competitive, and

aggressive) and feminine behaviors (e.g., expressive, cooperative, and

passive) as dictated appropriate by the situation (Bem, 1975). The

classification of an individual who scored above the total group median

on both the masculinity and femininity scales of the Bem Sex Role

Inventory (Bem, 1974).
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Feminine—The gender identity of an individual whose behaviors are

limited to behaviors characterized as feminine (e.g., expressive,

cooperative, passive, and nurturant) (Bem, 1975). The classification of

an individual who scored above the total group median on the femininity

scale and below the median on the masculinity scale of the Bem Sex Role

Inventory (Bem, 1974).

Masculine—The gender identity of an individual whose behaviors

are limited to behaviors that are characterized as masculine (e.g.,

instrumental, competitive, aggressive, and independent) (Bem, 1975).

The classification of an individual who scored above the total group

median on the masculinity scale and below the median on the femininity

scale of the Bem Sex Role Inventory (Bem, 1974).

Undifferentiated—The gender identity of an individual whose

behavior does not have consistent patterns to match situational

requirements (Spence, Helmreich, & Stapp, 1975). The classification of

an individual who scored below the total group median on both the

masculinity and femininity scales of the Bem Sex Role Inventory (Bem,

1974).

Gender Role Stereotype—The psychological traits and societal

expectations that are considered appropriate for male and female

behavior (Birrell, 1983).

Lateralization—The representation of specific functions to one

cerebral hemisphere, with language functions to the left and spatial

functions to the right, as measured by performance of a tachistoscopic

tasJc. A log-odds ratio is utilized to represent the degree of

lateralization (Bryden & Sprott, 1981).
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Skill Level—The degree or extent of competitive experience,

represented by two levels of competitive experience (temporal/spatial

tasks).

Skilled—An individual with extensive competitive athletic

(temporal/spatial task only) experience (i.e., a current member of an

organized collegiate basketball, tennis, or volleyball team).

Unskilled An individual with no competitive athletic experience

(i.e., a university student that has never participated in any type of

organized competitive sport program (neither temporal/spatial nor

spatial).

Environmental Demands—Constraints in the world external to the

performer that must be matched by the movement in order to successfully

complete the task (Gentile et al., 1975).

Spatial Task A task in which there is no movement in and/or of

the environment.

Temporal/Spatial Task—A task in which there is movement in and/or

of the environment.

Spatial Visualization Ability—The spatial ability to mentally

manipulate or rotate a three dimensional object as measured by the

Spatial Relation Subtest of the Differential Aptitudes Test (DAT)

(Bennett, Seashore, i Wesman, 1982).

Assumptions Underlying the Research

The conduct of the present study was made under the following

assumptions:

1. All subjects were naive to all the tasks.
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2. All subjects were able to comprehend the requirements of each

task.

3. Each subject performed each task to the best of their ability.

4. All subjects had no uncorrected vision problems.

5. The Spatial Relations Subtest of the Differential Aptitudes

Test is a valid and reliable measure of spatial visualization ability

{Bennett et al., 1982).

6. The Bern Sex Role Inventory is a valid and reliable measure of

gender identity (Bem, 1974).

7. The Coincidence-Anticipation Computer Diskette is a valid and

reliable measure of coincidence anticipation ability (Kluka &

Zimmerman, 1985).

8. The tachistoscopic task is a valid and reliable measure of the

degree of lateralization (Kimura, 1966; McGlone & Davidson, 1973).

Delimitations

The following were delimitations of the present study:

1. Subjects were students at The University of Tennessee,

Knoxville.

2. Subjects were between the ages of 17 years and 25 years of

age.

3. Subjects were either current collegiate athletes or had no

competitive athletic experience at all.
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Significance of the Study

Researchers (Halpern, 1986; Harris, 1981; McGee, 1979; McGlone,

1980; Newcombe, 1982; Sherman, 1978) have proposed an integrated

approach for the study of gender related differences in spatial

ability. Individual studies, to date, have attempted to assess the

following relationships: (a) gender identity with differential

childhood experiences (Colley, Roberts, & Chipps, 1985);

(b) lateralization with gender (McGlone & Davidson, 1973); (c) spatial

visualization with temporal/spatial task performance (Beitel, 1980,

females only); (d) gender with temporal/spatial task performance

(Hrisberg et al., 1979); (e) temporal/spatial task performance and

background experience (Petrakis, 1985); and (f) various combinations of

three of the above mentioned variables (Hult & Brous, 1986; Newcombe,

Bandura, & Taylor, 1982). A study has not been reported in the

literature that has integrated all of the factors of differential

experiences, gender identity, lateralization, and spatial visualization

in an attempt to provide an explanation of gender related differences

in the performance of a temporal/spatial task. Therefore, this study

represents an integrated approach toward developing a more complete

understanding of the role of gender to performance and related

abilities.



CHAPTER II

REVIEW OF THE LITERATURE

Gender difference research has been conducted based upon either a

nature or nurture framework, but recently an integrated approach has

been advocated {Halpern, 1976). The focus of this study was the

integration of the nature based theory of lateralization and the

nurture based theory of socialization in the investigation of gender

differences in spatial ability and temporal/spatial task performance.

This review is organized into five sections: lateralization,

socialization, spatial ability-spatial visualization, temporal/spatial

task performance, and the interaction of these variables.

Lateralization

Lateralization theory (Levy, 1972, 1974) suggests that males are

more lateralized than females. Regarding cognitive abilities, females

are bilateralized with language functions represented in both

hemispheres, while males are more lateralized with language functions

represented only in the left hemisphere. This greater lateralization

in males permits more specialization of the right hemisphere for

spatial tasks and thus is one explanation for the superior spatial task

performance of males as compared to females (Bakan & Putman, 1974;

Davidoff, 1977; Kimura, 1973; McGlone & Davidson, 1973). Dichotic

listening tasks (Kimura, 1964, 1967; Lake & Bryden, 1976) and

tachistoscopic visual procedures (Bryden, 1965, 1966, 1976; Kimura,

14
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1966; Levy & Reid, 1976; McGlone & Davidson, 1973) have been used to

determine the degree of lateralization of an individual. Clinical

studies (McGlone, 1977, 1978; McGlone & Kertesz, 1973) have also

provided support for the gender differences in lateralization: (a) the

speech of right handed males was more dramatically affected by left

side lesions than by right side lesions; (b) spatial deficits were more

predominant for right side lesions than left side lesions for both

males and females; (c) right side lesions produced greater deficits in

performance of spatial tasks by males than by females; and (d) the

occurrence of aphasia was three times greater for males than females

with left hemispheric lesions.

Further support for lateralization theory has come from

investigations of neurologically normal subjects who were tested with

EEG instrumentation. Specifically, females were found to have similar

EEG activity for spatial and verbal tasks while males had higher EEG

activity for the right hemisphere for spatial tasks and higher left

hemispheric activity for verbal tasks (Bakan & Putman, 1974; Galin &

Ornstein, 1972; Ray et al., 1976; Ray et al., 1981; Tucker, 1976).

Through the comparison of the results of clinical studies and the

findings of studies utilizing neurologically normal subjects, support

for the lateralization theory was construed (McGlone, 1980).

The measurement of the degree of laterality has been addressed by

Bryden and Sprott (1981). They suggested that a laterality index is

necessary to compute comparisons between the degree of laterality and

the performance of certain behaviors. The problem with previous
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methods was that observations were treated as a single observation

instead of n observations. The log-odds ratio [Lambda = In Pr (1-Pl)/

PI (1-Pr)] that Bryden and Sprott (1981) proposed was calculated with

regard to n independent observations. The number correct for the right

visual field is represented by Pr, while PI represents the number

correct for the left visual field. Statistical analyses that utilize

the index of laterality determined by this method are computed on group

as well as individual data to determine tests of significance and

confidence intervals (Bryden & Sprott, 1981).

Tachistoscopic visual procedures involve presentation of stimuli

for a brief exposure time. Stimuli, verbal or nonverbal, are

simultaneously presented to either one or both of the visual fields.

According to Sergent (1983, p. 483), "the appropriateness of using

tachistoscopic presentations to study hemispheric asymmetries is based

upon the anatomical property of the visual system whereby temporal

hemiretinea project contralaterally." Consequently, stimuli presented

to the right of a fixation point are initially processed by the left

cerebral hemisphere while stimuli presented to the left of a fixation

point are initially processed by the right cerebral hemisphere.

Sergent (1983) contended that to prevent eye movement and to guarantee

the presentation is confined to a specific visual field the exposure

time should be 150 msec or less. In addition, Sergent (1983) suggested

that the stimuli should be presented to the left or right of a fixation

point.

Lateralization theory has been investigated by numerous methods:

dichotic listening (Lake & Bryden, 1976; Kimura, 1967); EEC
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instrumentation (Baken & Putman, 1974; Ray et al., 1981; Tucker, 1976);

and tachistoscopic presentations (Bryden, 1976; Kimura, 1966; McGlone &

Davidson, 1973). The tasks incorporated within each of the methods

have been extremely varied, including the following: (a) dot

detection, enumeration, or localization; (b) word recognition; (c) face

recognition; (d) letter; (e) names; and (f) figures. Research has been

conducted with clinical subjects as well as normal subjects. For the

purpose of this review, only studies conducted with normal adult

subjects that measured laterality through the specific task of dot

enumeration for tachistoscopic presentations were discussed.

Kimura (1966) investigated functional asymmetry of the brain

through the tachistoscopic presentation of verbal and nonverbal

stimuli. Subjects totaling 28 undergraduates (13 females and 15 males)

performed the following four tasks: (a) nonsense figures, (b) dot

enumeration, (c) large letters, and (d) small letters. The subject was

seated and the presentation was approximately 24 in. (60.96 cm) from

the subject's eyes. For the dot enumeration test, the cards contained

between 3 to 10 dots that were arranged so the visual angle to the

outer edge of the array was 3® 50*. The presentation of the stimuli

was random with equal representation for both the left and right

fields. The dots were presented for 80 msec, and, after the

presentation, the subjects verbally indicated how many dots they had

detected. A significant (£ < .02) visual field effect was reported

with more accurate enumeration for the left visual field. The small

and large letter tasks produced a significant (£ < .02) right visual

field advantage. No significant gender effects were obtained.
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In a second experiment, Kimura (1966) administered the nonsense

figure test and the dot enumeration test that had been used in the

previous experiment to 17 right-handed nurses. Similar to the previous

experiment (Kimura, 1966), a significant (r < .05) left visual field

advantage was reported for accuracy on the dot enumeration test. Based

upon these two experiments, Kimura (1966) concluded that verbal form

identification is a function of the left cerebral hemisphere, while the

recognition of nonverbal stimuli is a function of the right cerebral

hemisphere.

McGlone and Davidson (1973) investigated laterality in a two-part

study. The first study measured performance on two visuospatial tasks

and a dichotic listening task. Of the 99 subjects who had participated

in the first study, 79 (38 females and 41 males) participated in the

second study, with 35 subjects being right-handed and 44 subjects being

left-handed. The subjects were high school students (mean age 16.8

years) and college students (mean age 20.2 years). In the second study

all subjects were administered a dot enumeration test. Cards

containing 3 to 10 dots were tachistoscopically presented for a

duration of 70-80 msec. The distance from the presentation and the

extent of the visual angle were not discussed. Based upon performance

on the dot enumeration test, the subjects were classified as right or

left field superior. The maximum score per field was 10 and the modal

difference between the two fields was 1, indicating a very small

difference between fields (McGlone & Davidson, 1973). Left-handed and

right-handed subjects did not differ significantly on visual field

superiority, but left-handed subjects did exhibit higher right field
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scores than did right-handed subjects. Gender differences were

analyzed by a Chi-Square test and a significant (£ < .03) result was

reported. The authors indicated that the left field scores were

proportionally higher for males, and right field scores were higher for

females (McGlone & Davidson, 1973). This result conflicted with the

nonsignificant gender effect reported by Kimura (1966).

McGlone and Davidson (1973) compared performance on Thurstone's

Primary Mental Abilities Spatial Relations Test, one of the

visuospatial measures evaluated in the first study, with the left-right

visual field superiority determined by the dot enumeration test.

Although a nonsignificant Chi-Square was reported for this comparison

based on median scores for the Spatial Relations Test, results

indicated that left visual field superiority was associated with better

performance on the Spatial Relations Test. These findings were in

agreement with the findings of Kimura (1966) and suggested that left

hemispheric processing of visuospatial stimuli is not advantageous

(McGlone & Davidson, 1973).

Socialization

Socialization theory (Sherman, 1967) suggests that differential

childhood experiences influence an individual's spatial ability.

According to this theoretical explanation, differential childhood

experiences appear to be related to the gender identity of the

individual (Green et al., 1982; Harris, 1974). Rubin et al. (1976)

hypothesized that the fundamental beginning of one's future gender
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identity occurs at the time of birth. Maccoby & Jacklin (1974)

suggested that by the age of six individuals are able to identify

themselves according to the appropriate gender role. American society

has typically held that the appropriate gender role for males is

masculine and for females, feminine (Bern, 1975). The process by which

individuals develop their gender identity is known as gender role

socialization, and parents have been identified as major agents of

socialization (Lewko & Greendorfer, 1978). Parents shape the child's

gender identity by their interactions with the child and their

reinforcement of the behaviors of the child that they deem appropriate

according to the standards set by society (Block, 1973, 1979; Kelly &

Worell, 1976; Orlofsky, 1979). According to Oglesby (1984), the

masculine gender role stereotype implies that a person is active,

aggressive, rule-governed, competitive, goal-oriented, organized, and

instrumental; while the feminine gender role stereotype is that of a

person who is passive, submissive, idiosyncratic, cooperative, chaotic,

disorganized, and expressive. More behavioral limits are imposed by

the feminine gender role stereotype than by the masculine stereotype

(Lever, 1976), especially in the area of sport participation (Berlin,

1974; Birrell, 1983).

The majority of athletic activities, especially competitive

athletics, have been classified as masculine and participation in these

activities has often been considered by society as inappropriate for

females (Colley et al., 1985; Duquin, 1978; Snyder & Spreitzer, 1978;

Sutton-Smith et al., 1963). Zoble (1976) stated that the expressive

orientation of the feminine gender role stereotype conflicts with the
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instrumentation orientation of competitive athletics. Based upon this

premise, Duquin (1978) predicted that the majority of females with

feminine gender identity will refrain from participating in such

activities. Bern (1975) suggested that lack of participation in such

activities, because of the stigma of gender inappropriateness, may

result in the failure to learn behaviors associated with those

activities. According to Sherman (1967), cultural gender role

stereotyping may provide males and individuals with masculine gender

identity more opportunities to practice temporal/spatial tasks.

The androgynous gender identity classification was described by

Bem (1974) as the incorporation of aspects of both male and female

characteristics. Spence, Helmreich, and Stapp (1975) further

delineated the classification with the restriction that both the

masculine and feminine scores must be above their respective medians.

Bem (1975) reported that androgynous individuals were more behaviorally

flexible than gender-typed individuals. Myers and Lips (1985)

hypothesized that participation in athletics, which were deemed

inappropriate for females, requires females to exhibit more behavioral

flexibility than males. Friedman et al. (1985) related gender identity

to performance of a motor task and concluded that gender identity,

specifically androgyny, was related to superior performance of a motor

task for females but not for males.

Socialization theory has been supported by the following findings:

(a) females' spatial ability scores have been found to improve

following training in spatial tasks (Liben, 1978; Stericker &

LeVesconte, 1982); (b) significant correlations have been found between
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participation in activities with spatial demands and performance on

spatial ability tests (Hansen et al., 1982; Lunneborg & Lunneborg,

1984; Newcombe et al., 1983); and (c) higher performance on spatial

ability tests has been observed for individuals with masculine gender

identity as compared to feminine, androgynous, and undifferentiated

gender identity (Hansen et al., 1982; Jamison & Signorella, 1980;

Popiel & DeLisi, 1984; Signorella & Jamison, 1986).

The underlying principle of the socialization theory is

experience. Based on the focus of this study, experience is defined as

competitive sport experience or participation. The studies reviewed

dealt with gender identity and sports participation. Since the

development of gender identity occurs during an individual's childhood,

studies involving children as well as adults were reviewed.

Sutton-Smith et al., 1963) administered a 180-item play scale to

973 females and 928 males in grades three through six. Subjects

indicated if they participated in each specific activity, and, if they

did participate, they were to indicate if they liJced the activity or

not. Results indicated that at the third-fourth grade level, females

became more interested in all types of activities (mature male:

basJcetball, soccer; immature male: bandits, cops and robbers; mature

female: crochet, skating; immature female: I spy, statues), while

males became more interested in mature male activities. Even for the

older age group, females were still interested in all types of

activities not just the mature activities related to their gender as

were the older males. These results may reflect a developmental time
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of gender role confusion for females or may be an effect of the nature

of the items included in the play scale (Sutton-Smith et al., 1963).

Myers and Lips (1978) administered the Bem Sex Role Inventory to

23 female and 25 male racquetball players ranging in age from 17 to 48

years. Gender-role orientation was determined by the T-score method

for the Bem Sex Role Inventory. These classifications were then

compared to the normative sample that had been reported by Bem (1974).

A Chi-Square analysis indicated that a significant difference existed

between the normative data and the racquetball players. The

distribution of the subjects within the Bem categories revealed 40% of

the males were classified as masculine and 44% of the females were

classified as androgynous.

In a second study, Myers and Lips (1978) assigned badminton,

squash, and handball players to competitive and noncompetitive

categories based upon the reason they gave for entering the tournament.

There were 15 competitive females and 12 noncompetitive females. The

subjects were then classified upon their performance on the Bem Sex

Role Inventory. The highest proportion (40%) of competitive females

were androgynous while the higher proportion (58%) of noncompetitive

females were feminine. Males were not analyzed because all of the

males were classified as competitive. It was suggested that the

proportion of females classified as masculine or androgynous would

increase as the competitiveness of the sport increases (Myers & Lips,

1978).

Salisbury and Passer (1982) employed the Attitudes Toward Women

Scale in the assessment of gender-role attitudes for 189 adult female
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athletes. The adult sample ranged in age from 19-65 years. Athletes

were categorized into two groups: (a) those participating in less

feminine activities and (b) those participating in more feminine

activities. The activities considered less feminine were soccer,

basketball, and track/long distance running. The more feminine

activities were volleyball, tennis, and softball. A significant

correlation (r = .39, p < .001) between sport femininity and gender-

role attitude was reported. Participants in less feminine activities

exhibited more liberal gender-role attitudes than the participants in

the more feminine activities (Salisbury & Passer, 1982). This finding

strengthens the suggestion (Myers & Lips, 1978) of the possible

increased androgynous or masculine classification of highly competitive

females.

Green et al. (1982) conducted a longitudinal study to investigate

the gender-typed differences of various behaviors among girls aged 4-12

years who were traditionally gender-typed or nontraditionally gender-

typed. The subjects were divided into two groups based on their gender

identity development. One group consisted of 50 traditionally gender-

typed girls, while the other contained 49 nontraditionally gender-typed

girls (tomboys). There were no significant differences between family

and parental variables. A Chi-Square analysis was performed on the

behavioral variable "plays sports with boys (but not with girls)"

(Green et al., 1982, p. 256). A significant difference (p < .000) was

reported with 32% of the nontraditional subjects describing it as a

favorite activity as compared to 0% for the traditional subjects. Only

6% of the nontraditional subjects reported that they very rarely or
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never played sports nith boys, as compared to 64% of the traditional

subjects. A Chi-Square for participation in sports produced

significant results for both the mothers' (p < .000) and fathers'

(p < .000) views. Mothers reported that 68% of the nontraditional

subjects and 6% of the traditional subjects participated in sports more

than the average. Fathers held a similar view and reported that 67% of

the nontraditional and 10% of the traditional subjects participated in

sports more than the average. The statement "I want to be a boy" was

stated significantly (p < .000) more frequently by the nontraditional

subjects than the traditional subjects. Mothers reported 95% of the

traditional subjects and 12% of the nontraditional subjects never made

the statement. The fathers' percentage for the traditional subjects

was identical to the mothers' (95%), but the percentage was higher

(22%) for the nontraditional subjects. These results indicate a

possible relationship between gender identity and sports participation

(Green et al., 1982).

Colley et al. (1985) administered four tests to 156 undergraduate

students between the ages of 18-29 years. There were three groups of

48 (24 female, 24 male) subjects who: (a) did not participate in

sports on a regular basis, (b) participated in competitive individual

sports, and (c) participated in competitive team sports. There was a

group of 12 noncompetitive females who did participate in some type of

regular individual sports. The four tests were: (a) Bem Sex Role

Inventory, (b) Eysenck Personality Inventory, (c) Rotter Locus of

Control, and (d) Sport Competition Anxiety Test. As expected, sex main

effects were significant with masculinity scores higher for the males
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than the females (£ < .001) and femininity scores higher for the

females than the males (]j < .01). Analysis with regard to sports

participation produced a significant result for masculinity scores

(p < .01). TuJcey analyses indicated that participants in team sports

and individual sports were similar in masculinity but had significantly

higher masculine scores than nonparticipants (p < .01). A Chi-Square

analysis was performed to investigate within gender differences. The

following results (Colley et al., 1985) were reported for females, with

a significant difference (p < .02) among sport participants in the

gender categories of feminine, androgynous, and undifferentiated; that

is, (a) the largest percentages of team participants were classified

androgynous (41.7%) and feminine (33.3%); (b) the highest percentages

of individual participants were in the classifications of feminine

(33.3%) and undifferentiated (33.3%); and (c) the largest percentage of

nonparticipants was classified as feminine (70.8%). For males, the

results of the Chi-Square analysis indicated: (a) the majority of team

and individual participants were classified as either masculine (45.8%

and 58.3%, respectively) or androgynous (33.0% and 25.0%,

respectively); and (b) the largest percentage of nonparticipants were

masculine (41.7%) or undifferentiated (29.1%). The results of higher

femininity classification for female nonparticipants is similar to the

findings reported by Myers and Lips (1978).

Burke (1986) administered the Bem Sex Role Inventory to 49 female

collegiate athletes (11 basketball, 12 softball, 17 swimming, 9

tennis). The athletes were grouped into gender appropriate sport

(i.e., tennis and swimming) and gender inappropriate sport (i.e..
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basketball and softball). A significant difference (g < .05) was

reported between the groups for the masculinity score, with athletes in

inappropriate sports scoring higher. A comparison of the percentage of

basketball and tennis players classified into each of the four gender

role categories revealed the following: (a) identical percentages for

both sport groups for the androgynous (45%) and undifferentiated (0%)

categories; (b) basketball (36%) and tennis (33%) in the masculine

classification; and (c) basketball (18%) and tennis (22%) in the

feminine classification. These results tend to support the findings of

Colley et al. (1985) and Myers and Lips (1978).

Spatial Ability—Spatial Visualization

The concept of spatial ability is extremely broad and difficult to

define (Halper, 1986). Caplan, MacPherson, and Tobin (1985) criticized

the opinion expressed by numerous researchers (Harris, 1978; Maccoby &

Jacklin, 1974) that males' performance on spatial tasks is superior to

that of females. The diversity of the types of tasks employed to

measure spatial ability was noted as a major problem. McGee (1979)

identified two factors that comprise spatial ability: (a) spatial

visualization and (b) spatial orientation. Spatial visualization had

been defined (French, Ekstron, & Price, 1963) as the mental

manipulation of an object in three dimensional space. McGee (1979)

included the mental folding of a two dimensional object and the

unfolding of a solid object in the description of the spatial

visualization factor.
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Spatial visualization is concerned with manipulating and

transforming objects in space (McGee, 1979). This process has an

integral part in the performance of temporal/spatial tasks.

Individuals must make judgments about a moving object and, based upon

the judgment, formulate the appropriate movement pattern and the timing

of that pattern (Higgins, 1977). Therefore, since the nature of this

study was to investigate temporal/spatial task performance and spatial

ability, the review was limited to studies that investigated the factor

of spatial visualization as measured by the Differential Aptitude Space

Relations Subtest (Bennett et al., 1973) for adult subjects.

The Space Relations Subtest of the Differential Aptitude Test

(Bennett et al., 1973) involves mentally folding a two dimensional

drawing into a three dimensional geometric figure and possibly rotating

the object. The means and standard deviations for the Differential

Aptitude Space Relations Subtest were reported by Bennett et al.

(1973). The average number correct for 12th grade females was 30.8

with a standard deviation of 12.4, based upon a sample size of 244

subjects. For a sample of 240 12th grade males, the mean was 34.6 and

the standard deviation was 12.9.

Sherman (1974) employed the DAT Space Relations Subtest as the

measure of spatial visualization for 25 female and 25 male

undergraduates. In addition to the DAT, the Group Embedded Figures

Test, the Draw-A-Person Test, and the Rod-and-Frame Test were given.

Each test result was analyzed by a t-test, and the DAT produced the

only significant gender effect (p < .05). Males had better performance

scores on the DAT than the females, although the range for the raw
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scores was very similar (23-88 for females, 28-90 for males). These

results were consistent with the opinion (Maccoby & Jacklin, 1974) that

males are superior to females in visual-spatial perception (Sherman,

1974).

The DAT Space Relations Subtest was utilized as a preliminary test

in the investigation of spatial ability as represented by mental

rotation (Tapley & Bryden, 1977). The subjects 20 female and 20 male

undergraduates, completed a Paivio imagery questionnaire, the

Standardized Road Map Test of Direction, and the Mental Rotation Test

in addition to the DAT Space Relations Subtest. A nonsignificant

gender effect was reported for the DAT performance, with the mean for

females being 39.65 and for males 42.65. All measures were correlated

and DAT was determined to be the best single predictor of mental

rotation performance. DAT performance scores were correlated with the

Paivio questionnaire and indicated that visual imagery ability appeared

to be correlated with males who demonstrated high spatial visualization

ability (r = .20). In contrast, verbal imagery ability was correlated

with females who demonstrated high spatial visualization ability (r =

.23). According to Tapley and Bryden (1977), these findings possibly

suggested that: (a) females use a more verbal process in performance

of the DAT Space Relations Subtest and (b) for males and not females,

speed of performing a mental rotation task was increased by frequent

use of visual imagery.

Streicker and LeVesconte (1982) investigated the effect of

training upon performance of spatial tasks. Undergraduate students (45

female and 38 male) were administered the following four standard
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visual-spatial tasks: (a) Space Relations Subtest of the Differential

Aptitude Test (DAT), (b) Group Embedded Figures Test (EMFT), (c)

Vandenberg-Shepard Mental Rotations Test (VAN), and (d) Space Relations

Test of the Primary Mental Abilities Test (PMA). All four tests were

initially administered to all subjects. The test scores were averaged

and, in combination with gender, were used to match the subjects.

After being matched, the subjects were randomly assigned to either the

control group or the experimental group. The experimental group

received three 1-hour training sessions. Each session was divided into

three 20-minute intervals and, during each interval, practice was

provided for one of the following tests: (a) DAT, (b) EMFT, or

(c) VAN. Subjects did not receive practice on the PMA. All four tests

were taken again for the posttest. Analysis of the pretest scores

showed a significant gender effect for all four tests. In particular,

the mean for the DAT standard scores for females was 16.4 with a

standard deviation of 5.6, and for the males the mean was 21.3 with a

standard deviation of 4.03. A multivariate analysis was computed to

determine the effects of sex and training on spatial task performance.

A significant multivariate group effect (p < .001) was reported,

indicating that training improved performance (Streicker & LeVesconte,

1982). Univariate analyses revealed that this significant improvement

was evident for all four of the tests. To determine if training

reduced the spatial-experience gap between the genders, an analysis

between the male control subjects and the female experimental subjects

was conducted. A significant difference between the two groups was

computed for the pretest scores (DAT, p < .01), with male control
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subjects performing better. The analysis for the posttest scores

revealed no significant differences. Training was determined to have a

positive effect upon reducing the spatial-experience gap between the

genders (Streicker & LeVesconte, 1982).

Meta-analysis has been applied to some of the research published

concerning spatial ability and gender differences. Hyde (1981)

conducted a meta-analysis on the studies reported by Maccoby and

Jacklin (1974). Two measures were used to determine effect size. The

first was w^, that is, "the proportion of the total variance in the

population accounted for by gender differences" (Hyde, 1981, p. 893);

the second being d, or the ratio between the means of males and females

to the standard deviation of the total group. There were 10 studies

that were categorized under the heading visual-spatial. The mean value

of w2 was .043 and the mean value of d was .043. These statistics

indicated that gender differences accounted for 4% of the variance in

visual-spatial ability, and the means for males and females were

approximately one-half a standard deviation apart. Hyde (1981)

concluded that the well-established differences to which Maccoby and

Jacklin (1974) made reference were actually very small.

Rosenthal and Rubin (1982) expanded on Hyde's (1981) meta-analysis

results to determine if the effect size had changed over the years.

The results of the analysis indicated that a linear trend for female

gains in cognitive skill relative to males was evident for the

preceding 20-year period.

Linn and Petersen (1985) performed a meta-analysis on results of

spatial ability studies that had been conducted after 1974. They
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divided their categories into spatial perception, mental rotation, and

spatial visualization. For spatial visualization, effect sizes were

found to be very small, with the average being .13 of a standard

deviation unit. Most studies reported no gender differences, and this

finding appeared constant across the life span (Linn & Petersen, 1985).

Temporal/Spatial Task Performance

A temporal/spatial task has been defined (Gentile et al., 1975) as

one in which there is movement in and/or of the environment. The

performance of a temporal/spatial task is dependent on the individual's

ability to detect the movement and/or to interact at the appropriate

time with the moving stimulus. This ability to interact with a moving

stimulus has been defined as coincidence anticipation (Schmidt, 1968).

The reviewed studies evaluated performance of a temporal/spatial

task with regard to coincidence anticipation. The specific procedures

differed to some degree from study to study but the measurement of

timing error (AE, CE, VE) was common to all studies. In addition, all

studies utilized adults as subjects, either exclusively or as a

particular age group in a broader study.

Dorfman (1977) employed a task that required the subject to

manually manipulate a slide so that the dot controlled by the slide

would intercept a target dot traveling diagonally across an

oscilloscope screen. The subjects used their preferred hand to operate

the slide. Twenty males and 20 females were included in each of five

age groups: 6-7, 8-9, 10-11, 14-15, and 18-19. The results indicated

a significant gender main effect (p < .01) for a multivariate analysis
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for the measures of absolute error (AE), constant error (CE), and

variable error (VE). Performance differences between gender existed in

all the age groups, with males consistently more accurate (lower AE and

CE) and less variable (lower VE) than females, although the amount of

difference decreased as a function of age. The task employed was

highly complex and approached similarity to ball game situations. The

possible explanation for the larger performance differences among the

younger males and females provided by Dorfman (1977) was that males

have earlier opportunity and consequently more exposure to activities

that were similar to the task than did females. Dorfman (1977)

concluded that although the performance differences decreased over age,

males remained significantly more consistent and accurate than females.

Similar results to those of Dorfman (1977), with regard to the

older age (18-19) group, were reported by Wrisberg et al. (1979). The

subjects were 40 males and 40 females aged 18-40 years who were

university students and faculty members. The subjects were seated

perpendicularly to the end of a 9.5 ft runway of a Bassin Anticipation

Timer. They were to depress, with their preferred thumb, a button to

match the lighting of the last light on the runway. The speed of the

stimulus was 9 mph. A significant gender main effect was reported for

both absolute error (p < .001) and variable error (p < .001) but not

for algebraic (constant) error. Wrisberg et al. (1979) suggested that

the importance of background experiences (Schmidt, 1968) was a possible

explanation for the results.

In an effort to investigate this explanation with the existing

data, Wrisberg et al. (1979) did post hoc analyses between subjects
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with competitive athletic experience and those not having a great deal

of competitive athletic experience. Nine females and eight males from

the subject pool were identified as having competitive athletic

experience. An equal number of subjects were randomly selected from

the remaining subjects, those with little competitive athletic

experience. Results indicated no differences among the females for all

three measures, but noncompetitive males had both significant (£ < .05)

negative constant error and a higher variable error than competitive

athletic males. There was no significant difference between males for

absolute error. Although these results indicated partial support for

Schmidt's (1968) experience concept, caution must be taken due to the

nature of the analyses (post hoc) and the sample size (nine females and

eight males in the experienced group).

Haywood (1980) employed an apparent motion task using a Bassin

Anticipation Timer apparatus with a runway length of 5 ft and a

stimulus speed that varied from 2-5 mph. Contrary to the findings of

Wrisberg et al. (1979), no significant gender effect for coincidence

anticipation accuracy was reported for the 18-32 age group. Haywood

(1980) classified subjects into four age groups: 7-9, 11-13, 18-32,

and 60-75 years, with 15 females and 15 males in each group. Measures

of response time were also calculated, and the results indicated that

males had faster mean response time than females. Because of the

faster response time males had more viewing time, but they did not have

more accurate or consistent coincidence anticipation performance than

did females (Haywood, 1980).
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Thomas, Gallagher, and Purvis (1981) correlated reaction time and

coincidence anticipation time for five age levels: 7, 9, 11, 13, and

20 years. Fifteen females and 15 males comprised each age level. A

visual reaction timer and a Bassin Anticipation Timer were used to

obtain the measurements. The runway speed was 447 cm/sec, but the

runway length was not reported. A significant gender main effect

(p < .05) was reported, but a two-way age by gender ANOVA did not

produce a significant gender main effect for coincidence anticipation

time measured by constant error. A significant (p < .05) gender effect

was reported for reaction time, but the gender by age interaction was

not significant. Anticipation time and reaction time were

significantly correlated (p < .05) for younger (7, 9, 11 years) males

but not for females at any of the age levels. According to Thomas et

al. (1981), performance on coincidence anticipation tasks by males at

the younger ages may be influenced by reaction time, but, as the motor

programs are developed, reaction time plays a less important role. The

authors proposed that since younger females generally have less spatial

experience than males, this more than slower reaction time was a

possible reason for the poorer coincidence anticipation performance by

the younger females. Thomas et al. (1981) concluded that as females

develop more efficient motor programs their performance of coincidence

anticipation tasks becomes equivalent to males, even though the

females' reaction time is slower than the males. Therefore, as was

reported by Haywood (1980), males had a longer viewing time, as was

reflected by faster reaction time, but did not have improved accuracy

or consistency in coincidence anticipation performance.
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The previously mentioned studies have dealt with fine motor

movements (i.e., finger press, foot press, and moving a lever for 114

cm). Jensen, Picado, and Morenz (1981) developed a task that

necessitated the subject making a gross motor movement in order to

interact with a moving stimulus. In the first of two experiments, 45

female and 45 male undergraduate physical education majors ran 10 and

15 ft patterns before arriving at an intercept point simultaneously

with the arrival of a ball which had been traveling down a 20 ft chute.

Hales performed more accurately (lower absolute and constant error

scores) than did females for the longer pattern but not for the shorter

pattern, as indicated by a significant (g > .05) sex by distance

interaction. The gender difference on the longer pattern was

attributed to the greater explosive power of the males (Jensen et al.,/

1981).

In the second experiment (Jensen et al., 1981), the chute length

was reduced (6.25 ft) and the movement patterns were also shortened

(7.4, 10.75 ft) from the distances used in the first experiment. The

only measure that revealed a significant gender main effect (p < .05)

was constant error, in which males were more accurate than females.

These results partially support the findings of Dorfman (1977) and

Wrisberg et al., 1979) with regard to males performing with greater

accuracy than females, but not with greater consistency.

Wrisberg et al. (1982) had 15 female and 15 male college age

subjects finish a ballistic arm movement to coincide with the

completion of a moving light pattern. A Bassin Anticipation Timer with

a 295 cm runway provided the apparent motion light pattern. Stimulus
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speed varied (134.1, 233.2, 312.9 cm/sec) and ballistic movement

distance varied (43, 73, 103 cm). Significant gender main effects

(p. < .05) were found for constant error and variable error. These

findings support the results of Wrisberg et al. (1979) that males are

more consistent than females in coincidence anticipation taslcs.

Contrary to all previous studies, and in fact the only coincidence

anticipation study to ever report a finding in which females were more

accurate and less variable than males, was a study conducted by Dunham

and Glad (1985). The subjects were 60 undergraduate students (30

females, 30 male) from required physical education classes. The

subjects were required to release a switch to coincide with the arrival

of a ball at a target flag. The ball rolled down a 12 ft runway on a

rollerslcate wheel car. The stimulus was presented in both frontal and

sagittal planes and at the speed of either 4.5 mph or 3.6 mph. For

constant error, a significant (p < .05) gender by speed interaction was

reported. At the slower speed (3.6 mph) the performance of the male

subjects was less accurate than the females. Analyses indicated a

significant (p < .05) gender by plane interaction for variable error.

The males' performance for frontal plane stimulus presentation was less

consistent than the females. These findings are inconsistent with all

previous coincidence anticipation literature, and the researchers

attributed the difference to a psychological variable. Inattentiveness

or an underestimation of the difficulty of the tas)c were suggested as

possible psychological variables (Dunham & Glad, 1985).

PetraJcis (1985) investigated coincidence anticipation ability

among adults with similar bac]cground experiences. This study was the
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first to compare coincidence anticipation ability among female and male

athletes. Previously, Wrisberg et al. (1979) did a post hoc analysis

in regard to competitive athletic experience as compared to limited

competitive athletic experience, but investigated the variable within

and not between genders. Petrakis (1985) compared coincidence

anticipation ability between 15 male collegiate varsity baseball

players and 9 female collegiate varsity softball players. A Bassin

Anticipation Timer with a three section runway was used. The stimulus

speed was 9 mph. No significant gender main effects were reported for

the measures of constant, absolute, or variable error. These results

are contrary to Dorfman (1977), Wrisberg et al. (1979), and Wrisberg

et al. (1982) but are in agreement with Haywood (1980) and Thomas et

al. (1981). Support for the importance of background experience as

suggested by Schmidt (1968) is provided by these results.

Interaction of Variables

The nature/nurture dichotomy that has been the basis for gender

difference research necessitates answers which previous researchers

have been unable to provide consistently (Halpern, 1986). In an effort

to provide such gender difference answers, investigators have begun to

take integrated approaches which combine both environmental and

biological variables (Halpern, 1986). The following studies have

integrated various combinations of the following variables:

(a) spatial visualization, (b) temporal/spatial task performance, and

(c) background experiences. Only studies evaluating adult subjects are

reviewed.
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Beitel (1980) investigated the relationships among visual-

perceptual attributes and performance of gross motor tasks for 80

undergraduate females enrolled in general physical education classes.

Performance was measured on (a) a spatial gross motor task, (b) a

temporal/spatial gross motor task, and (c) five visual perceptual

tasks, two of which were the DAT Space Relations Subtest and the Bassin

Anticipation Timer task. A positive but low correlation (r = .14) was

reported for the two measures. A factor analysis was performed and the

measures of the DAT Space Relations Subtest and the Bassin Timer task

each loaded on separate factors. Factors II (degree of quick selection

of pertinent environmental information) and IV (coincidence

anticipation ability), respectively. The correlation between the two

factors was low (r = .10) and not significant (critical value .22),

indicating independence between the two variables. Temporal/spatial

performance loaded onto Factor I and was inversely related to Factor II

(r = .225) and Factor IV (r = .248). These results indicated that a

relationship exists between fast performance early in the learning

stage of a temporal/spatial task, coincidence anticipation ability, and

the ability to determine pertinent environmental information quickly

(Beitel, 1980).

According to Newcombe (1982), little research has investigated the

relationship of environment and experiences to gender differences in

spatial abilities. Newcombe et al. (1983) conducted two experiments

which assessed the spatial nature of tasks and correlated spatial

activity participation with performance on the DAT Space Relations

Subtest. In the first experiment, 106 undergraduate students (61
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females, 45 males) classified 231 activities based upon the degree of

spatial ability required to perform the activity (required or not

required). The subjects were also requested to classify the activities

as either feminine or masculine sex-typed and to indicate if they

participated in the activity. Correlations were computed among the

various variables. Activities rated as requiring spatial ability had

low but significant correlations with: (a) masculine sex-typed

activities (r = .24, p < .001) and (b) greater male participation

(r = .15, p < .05). These findings indicated that (a) more males

participate in masculine typed activities and (b) these activities are

considered to require spatial ability (Newcombe et al., 1983).

The second experiment (Newcombe et al., 1983) employed 45

undergraduate students (23 females and 22 males). The subjects

completed the DAT Space Relations Subtest and a questionnaire of 81

activities based upon the results from the first experiment. For

females, performance on the DAT was significantly correlated (r = .40,

p < .05) with participation in spatial activities. Males' DAT

performance and spatial activity performance was correlated (r = .18)

but not significantly. Hales attained higher scores on the DAT than

the females (p < .05) as determined by a one-tail test. Although a

significant correlation was reported for female participation and DAT

performance, the researchers (Newcombe et al., 1982) advised caution in

interpreting the results and suggested the spatial activities

questionnaire may contain some activities which are not spatial.

In a similar study, Lunneborg and Lunneborg (1984) investigated

the frequency of participation in spatial activities and the
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correlation of this participation with performance on two paper pencil
f

measures of spatial ability. College freshmen (137 female, 115 male)

were requested to complete a survey which had been developed during a

previous study (Lunneborg, 1984) of spatial activity participation. In

addition, each subject tooJc the Spatial Ability and Mechanical

Reasoning subtests of the Washington Pre-College Test Program. The

Spatial Ability Subtest is similar to the DAT Space Relations Subtest.

Based upon the survey of perceived abilities, the males perceived

themselves to possess better spatial ability than did the females.

Correlations were computed between spatial ability performance, self-

assessment of spatial ability, and time spent in spatial activities.

For females, the highest correlation between the variables and spatial

ability was understanding math and science (r = .26). For the males,

drafting and drawing provided the highest correlation (r = .44) with

spatial ability. Although playing visual games correlated highly for

the men (r = .26) in regard to time spent in the activity and spatial

activity, the same was not true for the females (r = .18). Playing

sports, time spent, or self-assessed spatial ability correlated low for

both males (r = .18) and females (r = .02).

Spatial visualization and athletic performance have received

little attention from the researchers. Hult and Brous (1986) analyzed

the relationship of athletic performance, gender, spatial

visualization, and various academic measures (i.e., SAT scores and

coursework backgrounds). Spatial visualization was measured by the DAT

Space Relations Subtest. Athletic performance was determined in a two-

step process. Initially, deans from colleges of physical education
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ranked sports as either having a high or low demand for spatial

visualization. Sports such as basketball, tennis, volleyball,

racquetball, softball, and baseball were ranked as high demand, while

jogging, track and field, swimming, and weight training were ranked as

low demand sports. Subjects were then determined to be either highly

skilled, in respect to these sports, or low skilled. Highly skilled

subjects (24 females, 71 males) were either (a) current members of

collegiate varsity teams or (b) students enrolled in introductory

physical education classes who had been rated by coaches and physical

education faculty members as being varsity-level performers. The low

skilled subjects (34 females, 50 males) were enrolled in advanced

English classes or in the introductory physical education classes and

did not receive an advanced skill rating. A significant main effect

for gender (£ < .05) was reported for the DAT scores, with males

scoring higher than females. A significant sex by skill interaction

(p < .01) existed, with the high-skilled females outperforming the low-

skilled females. Low-skilled males performed slightly but not

significantly higher on the DAT than the varsity males. A Pearson

correlation was performed between DAT scores, SAT scores, various types

of course background, and sport experience. Significant correlations

were reported between the DAT scores and the following: (a) sports

demanding high visualization (r = .138, p < .05); (b) sports demanding

low spatial ability (r = .139, p < .05); (c) total course background

(r = .282, p < .01); and (d) SAT composite scores (r = .446, p < .01).

An analysis of covariance with the total course background and SAT

composite scores as covariates produced no significant gender effect as
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found with the initial analysis. However, a significant skill by

gender interaction < .05) was still evident. These results

indicated that numerous factors have influence upon spatial

visualization ability (Hult & Brous, 1986).

Summary

The research concerning gender difference has produced conflicting

and inconsistent results. The theories of lateralization and

socialization have been unable to answer all the questions individually

(Halpern, 1986).

The theory of lateralization has received conflicting support, but

both of the studies that employed the dot enumeration task reported a

left field superiority (Kimura, 1966; McGlone & Davidson, 1973).

Kimura (1966) found a nonsignificant gender effect while McGlone and

Davidson (1973) reported a significant gender difference for the dot

enumeration task with males exhibiting superior performance.

Replication of the results might produce stronger and more convincing

evidence of a gender difference.

Socialization theory, as proposed by Sherman (1967), suggests that

children's differential experiences may affect their performance of

various tasks. In addition, the differential experiences are created

by society's determination of gender appropriate and inappropriate

activities and behaviors. Green et al. (1982) demonstrated through a

longitudinal study that young females who were nontraditionally gender-

typed were more active in sports and had a stronger desire to be a male

than young females who were traditionally gender-typed. In relation to
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athletics for adults, female athletes have been reported to be less

feminine gender-typed than female nonathletes (Colley et al., 1985;

Hyers& Lips, 1978). These results suggested that individuals gender-

typed as masculine or androgynous, that is, higher than the average in

masculine characteristics, may tend to have more childhood athletic

experiences and be more involved in athletics as an adult.

Spatial visualization, the factor of spatial ability that requires

manipulation of an object in space (McGee, 1979), has also produced

conflicting experimental results. Sherman (1974) and Newcombe et al.

(1983) reported males had higher scores for the DAT Space Relations

Subtest than females. In contrast, Bryden and Tapley (1977) reported

no gender difference. Meta-analyses by Hyde (1981) and Linn and

Petersen (1985) contended that reported gender differences were, in

actuality, very small. Rosenthal and Rubin (1982) reported a trend

representing a narrowing of the gap between male and female scores for

spatial tests over the years 1954 to 1974.

Studies investigating the performance of temporal/spatial tasks of

coincidence anticipation have produced similar results to those

reported for spatial visualization. Males have been reported as being

both more consistent and less variable than females (Dorfman, 1977;

Wrisberg et al., 1979; Wrisberg et al., 1981); and only less consistent

than females (Jensen et al., 1981). In contrast, no gender difference

was indicated by several researchers (Haywood, 1980; Petrakis, 1985;

Thomas et al., 1981). In addition, one study reported females

exhibited superior performance for frontal plane stimulus presentation
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{Dunham & Glad, 1985). Explanations for the differences were based

largely on the concept of socialization.

The research of gender differences which employed an integrated

approach produced results which support the socialization theory.

Males have been found to participate in more masculine activities which

are considered to require more spatial ability (Newcombe et al., 1983).

Along the same line, females' performance on the DAT Space Relations

Subtest was correlated to sport participation (Newcombe et al., 1983).

Hult and Brous (1986) reported a correlation between female sports

participation and performance on the DAT, with female athletes scoring

higher than nonparticipants.

Based upon the research reviewed, the following points are raised:

(a) males have higher left visual field superiority than females

(McGlone & Davidson, 1973); (b) spatial visualization performance and

left visual field superiority are correlated (McGlone & Davidson,

1973); (c) no investigations of the relationship of laterality and

sports performance have been conducted; (d) gender identity influences

the amount and type of childhood experiences (Colley et al., 1985;

Myers & Lips, 1978); (e) sports participation may influence performance

on the DAT Space Relations Subtest, especially for females (Newcombe

et al., 1983); (f) sport participation may influence coincidence

anticipation performance for females (Petrakis, 1985); and (g) the

relationship of gender identity and performance on the DAT Space

Relations Subtest and coincidence anticipation performance has not been

investigated. A study that integrates the theories of socialization

and lateralization should provide more accurate answers in regard to
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the interrelationships of the numerous variables involved within the

two theories.



CHAPTER III

PROCEDURES

The methodological procedures utilized while conducting this study

included: (a) selection of subjects; (b) selection of assessment

instruments; (c) procedures, schedule, and protocol; and (d) data

analysis.

Selection of Subjects

Subjects were 119 right-handed students enrolled at The University

of Tennessee, Knoxville, who composed two skill level groups:

(a) skilled and (b) unskilled. For the skilled group, 29 males and 30

females were selected from students who were current members of either

the organized collegiate basketball, tennis, or volleyball teams.

These particular teams were chosen because the environmental demands of

these sports are temporal/spatial, for the most part, as compared to

the spatial environmental demands of the sports of golf, swimming, and

track (Hult & Brous, 1986). Permission to test these subjects was

obtained from their respective coaches through personal communication.

For the unskilled group, 30 females and 30 males were selected in a

two-step process from students enrolled in health classes and physical

education classes. These students were evaluated on depth and breadth

of competitive experience with tasks having temporal/spatial

environmental demands through the administration of a questionnaire to

47
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assess their competitive athletic experience and their visual health

(Appendix A).

Subjects were selected from the pool of students who: (a) were

either members of the organized collegiate basketball, tennis, or

volleyball teams or who had never had any competitive athletic

experience; (b) were right-handed; (c) had no known uncorrected visual

problems; and (d) were between 17 and 25 years of age. No subject was

paid for their participation in the study. All potential subjects were

given a letter of explanation (Appendix B) and were requested to sign a

consent form (Appendix C) prior to participation in the study. The

subject kept a copy of the letter and a copy of the consent form; the

experimenter kept the signed consent form. Each participant was

assigned a subject number for the purpose of integrating all data sets.

Selection of the Assessment Instruments

Selection of the assessment instruments was based upon the

constructs of spatial visualization, gender identity, temporal/spatial

task performance, lateralization, and their relationship to gender.

Spatial visualization has been defined by French, Ekstron, & Price

(1963) as the mental rotation and manipulation of objects in three

dimensional space. Socialization studies have shown that gender

identity has an effect upon the degree of participation in sport

activities (Green et al., 1982; Myers & Lips, 1978). A relationship

between the preference of space-related activities and spatial

performance has been demonstrated (Newcombe et al., 1983). A

relationship has also been established between coincidence anticipation
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and the performance of a temporal/spatial task (Beitel, 1980) and

between spatial ability and performance of a temporal/spatial task

(Beitel, 1980). Finally, research has revealed differences between

males and females in lateralization (McGlone & Davidson, 1973), but the

relationship of lateralization has not been evaluated with performance

of a temporal/spatial task.

Coincidence Anticipation Performance

Coincidence anticipation performance was measured by the

Coincidence-Anticipation Accuracy Microcomputer Diskette (Kluka &

Zimmerman, 1985). The test controls for a variation in the stimulus

speed, the lack of control of which has been a major criticism of the

Bassin Timer apparatus (Haywood, 1986). The stimulus speed was 2 mph

(3.218 kmph). The test consisted of three practice trials with

knowledge of results, followed by 20 trials with no knowledge of

results. A randomized foreperiod of 1, 2, and 3 seconds was employed

and the inter-trial interval was 4 seconds. This test has been shown

to have a reliability of .97 for males and females aged 6 to 78 years

(Kluka & Zimmerman, 1985).

Lateralization

The degree of lateralization was measured by the dot enumeration

test. This test utilized tachistoscopic presentation of nonverbal

stimuli. According to Sergent (1983, p. 483), "the appropriateness of

using tachistoscopic presentations to study hemispheric asymmetries is

based on the anatomical property of the visual system whereby temporal

hemiretinae project to the visual cortex ipsilaterally, whereas, nasal



50

hemiretinae project contralaterally." Therefore, stimuli presented to

the left of a fixation point (left visual field) are processed

initially in the right cerebral hemisphere, while stimuli presented to

the right of a fixation point (right visual field) are processed

initially by the left hemisphere. To ensure that cerebral processing

is initiated in the hemisphere contralateral to the visual field of

presentation, two conditions must be met in tachistoscopic presentation

(Sergent, 1983). First, the stimulus must be presented to the left or

right of fixation. Second, the exposure duration of the stimuli should

be 150 msec or less to prevent eye movements and the presentation of

stimuli to both hemispheres.

The dot enumeration test (Kimura, 1966; McGlone & Davidson, 1973)

was a tachistoscopic presentation of stimulus slides that each

contained 3 to 10 dots located in one visual field. The subject, after

a brief stimulus exposure, verbally estimated the number of dots in the

presentation. The test consisted of 96 trials with 48 trials for each

half field. An equal number of slides were presented for each number

of dots. The visual field and the number of dots were randomly

presented.

The stimuli were presented using a rear screen for a duration of

100 msec. The exposure time was determined by questioning the initial

three subjects in the pilot study as to their ability to detect the

dots at an exposure time of 50 msec'. The subjects' negative responses

and the limitations of the equipment necessitated an increase in

exposure time to 100 msec. Thirteen subjects were then tested and.
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when questioned about their ability to detect the dots, all replied

positively.

Slides of 4 X 6 inch (10.16 x 15.24 cm) black cards with 3 to 10

randomly arranged white dots were produced utilizing high intensity 35

mm film. The fixation point was a yellow dot located in the center of

the screen, and the presented stimuli were 3® to 5.5° to the left or

right of the fixation points. The array of dots was 2° to 6° in height

and 2° to 3° in width.

Since no reliability coefficients had been reported in the

literature, the data from the 13 subjects in the pilot study were

analyzed using the odd-even method. Utilizing Pearson product-moment

correlation and the Spearman-Brown prophecy formula on the pilot data,

a significant (p < .01) internal consistency coefficient of r = .93 was

produced.

The degree of lateralization was mathematically computed by a log-

odds ratio method (Bryden & Sprott, 1981). Bryden and Sprott (1981)

suggested that this method allows for more precision and better

assessment of individual differences and laterality effects in

individual subjects than previously used methods.

Spatial Visualization Abilitv

The variable of spatial visualization ability was measured by the

Space Relations Subtest, Form V, of the Differential Aptitude Test

(DAT) (Bennett et al., 1982). This is a test of mental manipulation;

each of the 60 items required the subject to mentally fold a two-

dimensional pattern into a geometric figure, rotate the figure, and

identify the figure from a choice of four figures. This paper and
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pencil test required approximately 25 minutes to complete. The maximum

correct score for the DAT Space Relations Subtest is 60. The means,

standard deviations, and reliability for the DAT Space Relations

Subtest, Form V, was reported by Bennett et al. (1982). Reliability of

the test, determined by an odd-even method, for 12th grade girls is

.94, and for 12th grade boys is .96. The mean for 12th grade girls was

30.2 with a standard deviation of 12.6. For 12th grade boys, the mean

was 34.0 with a standard deviation of 13.8. These statistics were

calculated on a sample size of 462 12th grade girls and 439 12th grade

boys (Bennett et al., 1982).

Gender Identity

Gender identity originally was conceptualized as bipolar with

masculinity and femininity at the opposite ends of the continuum (Bem,

1974). The Bem Sex Role Inventory (Bem, 1974) was developed in the

assumption that masculinity and femininity are two independent

dimensions. An individual is then classified as masculine, feminine,

androgynous, or undifferentiated based upon the person's evaluation of

masculine and feminine personality characteristics.

The Bem Sex Role Inventory is comprised of a single list of 60

personality characteristics which are an intermixing of 20 masculine,

20 feminine, and 20 neutral personality characteristics. The

individual is requested to respond to a scale of 1 (never to almost

never) to 7 (always or almost always) for each characteristic according

to how strongly he/she feels the characteristic is reflected in their

personality.
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The normative data for the Bern Sex Role Inventory were collected

from a population of 444 males and 279 females enrolled in an

introductory psychology course at Stanford University in 1973. In

addition, the Inventory was administered to 117 male and 77 female paid

volunteers at Foothills Junior College (Bem, 1974).

The construct validity of the Bem Sex Role Inventory was

determined by the evaluation of 400 personality characteristics which

were compiled by Bem and several students; 200 items were positive in

tone and either masculine or feminine and 200 items were neither

masculine nor feminine in tone. One hundred (50 male, 50 female)

Stanford students rated the desirability of these 400 personality

characteristics and, based upon their ratings, 20 characteristics each

that were masculine, feminine, and neutral were determined and

incorporated to form the Bem Sex Role Inventory.

Reliability of the Bem Sex Role Inventory was determined by a

test-retest method using 28 males and 28 females from the Stanford

normative sample. The time interval between the first and second

administration of the test was four weeks. Analysis of the data from

both tests produced the following Pearson product-moment correlations:

(a) masculinity r = .90; (b) femininity r = .90; and (c) androgynous

r = .93. These product-moment correlations indicate high reliability

for a time interval of four weeks for the Bem Sex Role Inventory.

Procedures, Schedule, and Protocol

Data collection was conducted in both individual sessions and

group sessions with the researcher. The assessment of coincidence
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anticipation performance and lateralization was conducted in a single

individual session with each subject. The Space Relations Subtest of

the DAT and the Bern Sex Role Inventory were administered in group

sessions consisting of either team members for the skilled group or a

group of not more than 10 same-sex individuals for the unskilled group.

The subjects participated in the individual session prior to their

participation in the group session. All answer sheets were prenumbered

with tear-off name slips attached so that names were removed as the

subject completed each phase. This allowed for accuracy in the

integrating of the data from both phases of the process while

maintaining confidentiality.

Coincidence Anticipation Performance

The Coincidence-Anticipation Accuracy Microcomputer Diskette

(Kluka & Zimmerman, 1985) was employed to measure the level of

coincidence anticipation performance (Appendix D). An Apple He

computer with a monochrome monitor and a single disk drive was used for

the test. The program was contained on a 5 1/4 inch (13.34 cm) floppy

disk. The test administrator typed the appropriate data on the

biographical sketch (Appendix E). The subject was then seated in

front of the computer and informed of the procedure (Appendix D). The

computer program was then engaged, and the subject received three

practice trials with knowledge of results. Upon completion of the

practice trials, the subject received 20 trials with no knowledge of

results.

The task required the subject to strike the "open apple" key when

a star that had moved across the screen was between the point marked by
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two lines. The subject used the index finger of the right hand to

strike at the "open apple" key.

The star moved at a constant velocity of 2 mph (3.218 kmph), and

there was a randomized foreperiod of 1, 2, and 3 seconds with an inter-

response interval of 4 seconds. The response was recorded as an error

score by the computer and converted into absolute error, constant

error, and variable error measures by the test administrator.

Lateralization

The dot enumeration test was utilized to measure the degree of

lateralization of the subject. The stimuli were slides of 48 different

patterns of 3 to 10 dots, with each number of dots being equally

represented in the total number of slides. The slides contained same-

sized white dots on a black background.

Each slide was projected on a white reverse projection screen by a

Kodak autofocus slide projector (Model 850H) with a Lafayette lens

(Model No. 6350) which functioned as a tachistoscope. There was a 5-

second inter-trial interval, and each slide was presented for 100 msec.

The researcher initiated the first trial only. All subsequent trials

ran automatically.

The subject was seated 24 inches (60.96 cm) from the screen with

their head resting against a head rest and their chin on a chin rest to

prevent movement. The subjects were prompted to fixate on a yellow dot

that was located at the center point of the screen. The slide was back

projected onto the screen for 100 msec. The projected image was 4x6

inches (10.16 x 15.24 cm), and the stimulus was 3® to 5.5® in height

and 2® to 3® in width. Immediately following the presentation, the
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subject verbally estimated the number of dots that were present. The

researcher recorded the response (Appendix G). Four practice trials

were given, and each slide was shown again after the subject was

informed of the exact number of dots that were present in the slide.

The test consisted of 96 trials with 48 trials for each visual field; 6

trials for each possible number of dots were presented. The slides

were presented in random order.

The number of correct responses for each visual field was

determined and a log-odds ratio was computed according to the

procedures outlined by Bryden & Sprott (1981). The log-odds ratio

represents the degree of laterality.

Spatial Visualization Ability

The ability of spatial visualization was measured by the Space

Relations Subtest, Form V, of the Differential Aptitude Test (Bennett

et al., 1982). The subject was seated at a desk and provided with a

test packet, which included the Space Relations Subtest booklet, answer

sheet, Bem Sex Role Inventory, and a pencil (Appendix H). The subject

was instructed to remove the Space Relations booklet and answer sheet

(Appendix I) from the packet. The subject read all directions,

performed the two sample problems, and was allowed to ask any questions

related to the performance of the test. The 25-minute time limit was

monitored by the test administrator and 5-minute intervals were posted.

The tests were scored by the test administrator. The measure of

spatial visualization was the number of correct responses on the Space

Relations Subject, Form V, of the Differential Aptitude Test (Bennett

et al., 1982).
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Gender Identity

The Bern Sex Role Inventory (Bern, 1974) was administered to measure

gender identity. The test was administered at the same session as the

Space Relations Subtest. After the 25-minute time limit for the Space

Relations Subtest of the DAT had elapsed, the subjects were requested

to place the Space Relations Subtest booklet and answer sheet back in

the test packet and remove the Bem Sex Role Inventory from the test

packet they received at the beginning of the testing session

(Appendix J). The subjects were instructed to read the directions for

the inventory (Appendix K) and were allowed to ask any questions.

There was no time frame for the completion of the Inventory, and the

subjects were informed that upon completion they were to place the

Inventory back into the test packet with the Space Relations Subtest

and answer sheet, secure the fastener on the envelope, and hand the

envelope to the test administrator.

The inventory was scored by the test administrator. A masculinity

and femininity score was determined for each subject by calculating the

means of each subject's ratings of the masculine and feminine

adjectives on the Bem Sex Role Inventory. Based on the total sample

individual mean scores (males and females combined), the median score

for both femininity and masculinity were determined. The subjects were

then classified as either masculine, feminine, androgynous, or

undifferentiated based upon the relationship of their masculine and

feminine scores to the masculine and feminine median scores for the

entire sample (Bem, 1974).
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Data Analysis

The analysis of the data was accomplished using both parametric

and nonparametric procedures. One parametric analysis was a 2 x 2

MANOVA with gender and skill level as the independent variables; degree

of lateralization, spatial visualization ability, and coincidence

anticipation performance (AE, CE, VE) were the independent variables.

A 2 X 2 MANOVA, PROC GLM (Joyner, 1985) was utilized to answer the

subproblems 1, 2, 3, and 4. This provided the multivariate F statistic

utilizing Wilks' Lambda and the resultant univariate F statistics to

answer Subproblem 1 (Joyner, 1985). The Bonferroni multiple comparison

technique (Neter, Wasserman, & Kuter, 1985) was used to evaluate all

possible pairwise comparisons. Contrasts that were determined

significant in the multivariate model were investigated even if there

was no significant interaction found in a specific univariate model.

This procedure was performed to enable the researcher to determine the

variables that contributed to the significant multivariate difference

for each contrast.

The parametric correlational matrix generated by PROC CORR

(Joyner, 1985) provided the answers to subproblems 2, 3, and 4.

Subproblem 5 was evaluated utilizing the nonparametric test, Chi-Square

for k independent samples, applied to the crosstabulation of gender by

gender identity by skill level (Ferguson, 1981; Joyner, 1985).



CHAPTER IV

ANALYSIS OF DATA

This study was designed to investigate the relationships among

gender, gender identity, depth of skill level, spatial visualization

ability, the degree of lateralization, and coincidence anticipation

performance. Spatial visualization ability was represented by the

score on the DAT Space Relations Subtest. Coincidence anticipation

performance was represented by the measures of absolute error, constant

error, and variable error. The degree of lateralization was

represented by the log-odds ratio (Bryden & Sprott, 1981) of the scores

on the dot enumeration task.

Data for 119 subjects were collected during the spring of 1987.

The subjects ranged in age from 17 to 25 years. To address the

specific subproblems of this study, the findings were organized into

five categories: (a) the differences of gender and/or skill level for

spatial visualization ability, degree of lateralization, and

coincidence anticipation performance (Subproblem 1); (b) the

relationships between spatial visualization ability and the measures of

coincidence anticipation performance (Subproblem 2); (c) the

relationship between spatial visualization ability and the degree of

lateralization (Subproblem 3); (d) the relationships between the degree

of lateralization and the measures of coincidence anticipation

performance (Subproblem 4); and (e) the interrelationships of gender,

gender identity, and depth of skill level (Subproblem 5).
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Subproblem 1

To investigate the effects of gender, skill level, and the

interaction of gender and skill level upon spatial visualization

ability, coincidence anticipation performance, and the degree of

lateralization, a 2 x 2 (gender x skill level) MANOVA was utilized

(Joyner, 1985). Wilks' Lambda (£ < .05) was used to evaluate the

multivariate F (Joyner, 1985); all possible pairwise comparisons were

evaluated using the Bonferroni Multiple Comparison Technique (£ < .008)

(Neter et al., 1985). Utility indices (Dodd & Schultz, 1973; Gaebelein

& Soderquist, 1974) were computed for significant effects within each

univariate ANOVA. Contrasts that were determined significant in the

multivariate model were investigated even if there was no significant

interaction found in a specific univariate model. This procedure was

performed to enable the researcher to determine the variables that

contributed to the significant multivariate difference for each

contrast. For each univariate analysis only significant contrasts were

reported.

The model for the multivariate analysis contained the following

dependent measures: (a) absolute error, (b) constant error,

(c) variable error, (d) DAT Space Relations Subtest score, and (e) log-

odds ratio for the scores on the dot enumeration task. The

multivariate analysis, as evaluated by Wilks' Lambda, revealed the

following significant results: (a) a gender main effect (Lambda =

.7747, Fs.iii = 6.45, p = .0001); (b) a skill level main effect (Lambda

= .8402, Fo.m = 4.22, £ = .0015); and (c) a gender by skill level

interaction (Lambda = .9011, Fo.m = 2.437, £= .0389). The
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Bonferroni technique was conducted to further investigate the

interaction effect. The Bonferroni analyses revealed significant

multivariate differences among the following; (a) skilled males and

unskilled males (Lambda = .8321, Fs.m = 4.480, £ = .0009);

(b) skilled males and unskilled females (Lambda = .7812, Fs.in =

6.219, £ = .0001); (c) unskilled males and unskilled females (Lambda =

.7478, Fs.iii = 7.487, £ = .0001); and (d) unskilled males and skilled

females (Lambda = .8330, Fs.m = 4.448, = .001). No significant

multivariate differences were found for the following comparisons:

(a) skilled males and skilled females and (b) skilled females and

unskilled females.

Absolute Error

The univariate analysis for the absolute error (AE) measure of

coincidence anticipation performance (Table 1) produced a significant

gender main effect (Fi.ns = 26.22, p = .0001) and a gender by skill

level interaction (Fi.ns = 8.52, p= .0042). The gender effect

accounted for 16.60% of the variability in the AE model while the

gender by skill level interaction accounted for 4.94% of the

variability in the model. Further investigation revealed the following

significant Bonferroni controlled comparisons: (a) unskilled males

(M = .026) were more accurate than skilled females (M = .036) (Fi.ns =

8.54, p = .0042); (b) unskilled males (M = .026) were more accurate

than unskilled females (M = .047) (Fi.no = 32.59, p = .0001;

(c) skilled males (M = .031) were more accurate than unskilled females

(M = .047) (Fi.115 = 18.60, p = .0001); and (d) skilled females



62

Table 1. Univariate ANOVA Table and Descriptive
Statistics for Absolute Error.

Source df 1

Sii of

Sqsares Kean F SD Pk>F

Geeder 1 .005 25.22 .0001*
Hile 59 .028 .013
Feiale 50 .052 .016

Shll Level 1 .000 1.01 .3120
Skilled 59 .031 .011
Oiskilled 50 .035 .018

Gender*Skill Level 1 .002 8.52 .0012*
lale Skilled 29 .031 .011
Kale Diskilled 30 .025 .012
feiale Skilled 30 .035 .011
Feiale Oiskilled 30 .on .015

Error 115 .023

<  .05
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(M = .036) were more accurate than unskilled females (M = .047)

(Fi,ii3 = 7.76, £ = .0062).

Constant Error

The univariate analysis for constant error (CE) of coincidence

anticipation performance (Table 2) revealed two significant main

effects: (a) a gender effect (Fi.ns = 11.19, £ = .0011) and (b) a

skill level effect (Fi.ns = 4.68, £ = .0326). Gender accounted for

7.59% of the variability in the CE model, and skill level accounted for

2.74% of the variability in the model. Investigation of the

significant multivariate contrasts revealed the following two

significant contrasts: (a) unskilled males and unskilled females

(Ft,115 = 12.10, £ .0007; and (b) skilled males and unskilled females

(Fi,ii5 = 15.04, £ = .0002). Both skilled (M = .016) and unskilled

(M = .016) males performed with less response bias (CE) on the

coincidence anticipation task than did unskilled females (M = .039).

Variable Error

For variable error (VE), only a significant gender main effect was

found (Fi,ii3 = 14.21, £ = .0003) (Table 3). Males performed with more

consistency than females. Gender accounted for 9.32% of the

variability in the model. Significant differences were found for

unskilled males and both unskilled females (Fi.ns = 13.47, £ = .0004)

and skilled females (Fi.ns = 10.06, £ = .0019). Unskilled males

(M = .021) performed with more consistency than both unskilled females

(M = .029) and skilled females (M = .028).



Table 2. Univariate ANOVA Table and Descriptive
Statistics for Constant Error.

64

So'irce

Sia 91

di !f Siiiares lean SD ?!)F

Geader

!ale

Fatale 50

.017

.Oil

.Oil

.025

.0011'

Siili LeTei

Shlled

ilussillad

ca
w J

50

.002

.01?
,•,10

1.55
!t / •

.024

0-25'

Geidei'Shii iierei

dale Ohiied

dale Oashlled

faiaie ihiied

Feiale Oashlled

2?

30

30

30

.016

.013

.023

.03?

.024

.012

.025

.024

1 r)(i

irror 115 .071

'a ; .05



65

Table 3. Univariate ANOVA Table and Descriptive
Statistics for Variable Error.

Stii of

Source ii H Spares Hean F SI ?R>F

Geader 1 .001 14.35 .0003"

Sale 53 .023 .001

Feiale 50 .023 .010

Skill Level 1 .000 .43 .4SS0

Skilled 53 .026 .006

Oushlled 60 .025 .010

Gender'Skili Level 1 .000 .136 .1646

Sale Skilled 23 .024 .006

Sale ffuskilled 30 .021 .008

Feiale Skilled 30 .023 .003

Feiale lluskilled 30 .023 .011

Error 115 .010

'0 i .05
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Spatial Visualization Ability

The univariate analysis for spatial visualization ability revealed

two significant effects (Table 4). The skill level main effect

(Fi.iia = 10.33, £ = .0017) and gender by skill level interaction

(Fi,ii5 = 4.60, E = .034) were found to be significant. The

variability in the model accounted for by skill level and gender by

skill level were 7.10% and 2.74%, respectively. Significant

comparisons were reported for unskilled males and: (a) skilled males

(Fi.iis = 14.24, £ = .0003) and (b) skilled females (Fi.ns = 11.50,

£ = .0010). Unskilled males (M = 45.867) had superior performance on

the DAT Space Relations Subtest with respect to: (a) skilled males

(M = 34.828) and (b) skilled females (M = 36.03).

Degree of Lateralization

The univariate analysis for the dependent measure of degree of

lateralization produced no significant effects (Table 5). Descriptive

statistics were calculated for degree of lateralization (Table 5).

Subproblems 2, 3 and 4

To determine the specific relationships addressed in subproblems

2, 3, and 4, Pearson product-moment correlation analysis was utilized.

The degree of common variability was determined for the significant

relationships.



67

Table 4. Univariate ANOVA Table and Descriptive
Statistics for DAT Scores.

Sni of

Soiree df 1 Squares lean F SO Pi>F

Gender 1 301.205 2.43 .1214
lale 55 40.411 11.533
feiale (0 31.133 12.119

Skill Level 1 1303.314 10.33 .0011'
Skilled 59 35.441 12.609
Unskilled (0 42.050 10.239

Gender'Skill Level 1 580.962 4.60 .0340'
iale Skilled 29 34.823 11.913
lale Unskilled 30 45.861 8.102
Feiale Skilled 30 36.033 13.311
feiale Unskilled 30 38.233 10.840

Error 115 16104.814

(  .05
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Table 5. Univariate ANOVA Table and Descriptive
Statistics for Degree of Lateralization.

Sni of

Source df 1 Spares lean f SD Pi>f

Gender 1 .307 2.25 .1366
lale 59 -.IIS .341
feiile (0 -.017 .400

Skill Level 1 .323 2.36 .1270
Skilled 59 -.119 .387

Gnskilled 50 -.016 .354

Gender*Skill Level 1 .034 .25 .6170
lale Skilled 29 -.138 .331
lale Gnskilled 30 -.050 .343

feiale Skilled 30 -.053 .429

Feiale Unskilled 30 .018 .367

Error 115 15.712
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Subproblem 2

To determine the relationship between coincidence anticipation

performance and spatial visualization ability, the measures of absolute

error, constant error, and variable error were correlated with the

score for the DAT Space Relations Subtest. Two significant

correlations at the p < .05 level were determined.

The measure of absolute error (AE) and the score on the DAT Space

Relations Subtest were negatively correlated with p = .0026 and

r = -.274. Thus, there was 7.508% common variability between spatial

visualization and absolute error. Subjects having better spatial

visualization (higher scores) performed with more accuracy (lower

scores) on the coincidence anticipation task. This result supports the

hypothesis of a significant negative relationship among the variables

of spatial visualization ability and coincidence anticipation

performance.

The measure of variable error and the score on the DAT Space

Relations Subtest were negatively correlated with p = .0066 and

r = -.248. The percent of common variability was 6.14. Subjects who

had better spatial visualization ability (higher scores) had more

consistent (lower scores) performance on the coincidence anticipation

task. This result supported the hypothesis of this subproblem.

The measure of constant error and the score on the DAT Space

Relations Subtest were negatively correlated, r = -.167, but this

correlation was not significant (p = .0692). The hypothesis of a

significant negative relationship was therefore not supported.
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In summary, the correlations of all three measures of coincidence

anticipation performance with the spatial visualization measure were in

the predicted negative direction, with two being significant (absolute

and variable error) and one just failing to achieve significance

(constant error).

Subproblem 3

When the measure of spatial visualization ability (score on the

DAT Space Relations Subtest) and the degree of lateralization (log-odds

ratio of the scores on the dot enumeration task) were correlated, a

negative relationship (r = -.108) was obtained, but it was not

significant (p = .2437). Thus, the hypothesis of a significant

negative relationship between spatial visualization ability and the

degree of lateralization was not supported.

Subproblem 4

To determine the relationship between coincidence anticipation

performance and the degree of lateralization, the measures of absolute

error, constant error, and variable error were correlated with the log-

odds ratio for the scores on the dot enumeration task. Low positive

correlations were obtained in each case (AE, r = .057; CE, r = .124;

VE, r = .022), but none achieved statistical significance (p > .05).

Therefore, the hypothesis of a significant positive relationship

between coincidence anticipation performance and degree of

lateralization was not supported.
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Subproblem 5

To evaluate the pattern among gender and gender identity within

skill level (temporal/spatial task experience), a three-way Chi-Square

analysis was computed. The contingency table with percentages for the

Bem Sex Role classifications and the four subject groups is presented

in Table 6.

The Chi-Square for the four group table with gender and skill

level considered together produced a significant Chi-Square statistic

(Chi-Square = 40.608, df = 9, £ < .001). When the genders were

separated by skill level a significant Chi-Square statistic was found

for the females (Chi-Square = 10.454, £ = .015). The largest

percentage of unskilled females was classified as feminine (53.33%),

while the largest percentage of skilled females was classified as

androgynous (40.00%). The Chi-Square analysis for the males (Chi-

Square = 6.224, £ = .101) revealed a nonsignificant pattern.

A Chi-Square analysis by skill level indicated significant

patterns between unskilled males and females (Chi-Square = 13.348,

£ = .004) and skilled males and females (Chi-Square = 12.803,

£ = .005). The largest percentages of unskilled males were identical

for the classifications of undifferentiated (33.33%) and masculine

(33.33%), while the largest percentage of unskilled females was

classified as feminine (53.33%). The largest percentage of skilled

males was classified as masculine (58.62%), while the largest

percentage of skilled females was classified as androgynous (40.00%).

These results supported the hypothesis that there is a significant



Table 6. Bern Classifications as a Function of Gender
and Depth of Skill.
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Gender Identity

Shll

7ariai)le Level I

iascnline Feiinine indrogynons Ondifferentiated

I  tOf \ 1  loi \ H  iof \ I  lOT \

Hale

Gnshlled 3D 10 33.33 5  16.(7 5  16.67 10 33.3

Skilled 29 17 55.02 1  3.65 6  20.69 5  17.26

Feiale

Dnskilled 30 1  3.33 16 53.33 5  16.67 8  26.67

Skilled 30 (  20.00 5  26.67 12 60.00 6  13.33
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interaction between gender, gender identity, and the depth of skill

level.



CHAPTER V

DISCUSSION

The nature-nurture dichotomy has provided the framework upon which

the majority of gender difference research has been developed (Halpern,

1986). Neither the nature nor nurture approach has been able to answer

all the gender difference questions, and researchers have concluded

that an integrated approach should be applied to address the question

of gender difference (Halpern, 1986; Harris, 1981; Newcombe, 1982;

Sherman, 1978).

This study integrated the biologically based explanation of

lateralization with the nurture based explanation of socialization.

This chapter is organized to relate to the subproblems:

(a) multivariate differences between gender, skill level, and gender by

skill level for the degree of lateralization, spatial visualization

ability, and coincidence anticipation performance (Subproblem 1);

(b) the relationship between spatial visualization ability and

coincidence anticipation performance (Subproblem 2); (c) the

relationship between spatial visualization ability and the degree of

lateralization (Subproblem 3); (d) the relationship between coincidence

anticipation performance and the degree of lateralization (Subproblem

4); and (e) the interaction between gender, gender identity, and skill

level (Subproblem 5).

74
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Subproblem 1

In order to determine the interrelationships among gender and/or

skill level with the degree of lateralization, spatial visualization

ability, and coincident anticipation performance, a 2 x 2 multivariate

analysis was calculated. The multivariate analysis indicated

significant gender, skill level, and gender by skill level interaction

effects. Specific comparisons revealed significant multivariate

differences among the following: (a) skilled males and unskilled

females, (b) unskilled males and skilled males, and (c) unskilled males

and unskilled females, and (d) unskilled males and skilled females.

The multivariate differences were not significant among: (a) skilled

males and skilled females, (b) skilled females and unskilled females.

The literature review failed to locate a study that integrated the

above variables simultaneously, thus making it impossible to compare

the multivariate results of this study to any other studies with all of

these combined variables. Therefore, the individual univariate

analyses were discussed in relation to the relevant literature with a

subsequent multivariate summary.

Degree of Lateralization

In the organizational structure of the brain the right cerebral

hemisphere is specialized for the synthesizing, analyzing, and

simultaneous processing of parallel sources of visual, spatial,

tactile, and nonlinguistic stimuli (Gazzangia, 1978; Ornstein, 1972).

According to lateralization theory (Levy, 1972, 1974), males are more
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lateralized than females, which accounts for males having more

hemispheric specialization for the processing of spatial tasks than

females (Davidoff, 1977; Kimura, 1973; McGlone & Davison, 1973).

Lateralization has been evaluated by measuring the accuracy of

enumeration of visual stimuli tachistoscopically presented to the left

and right visual fields (Kimura, 1966; McGlone & Davidson, 1973). The

anatomical structure of the visual system has been the theoretical

basis for the development of tachistoscopic procedures (Sergent, 1983).

Based on the concept of contralateral projection of visual stimuli to

the cerebral hemispheres, the left visual field has been associated

with more accurate spatial processing (Kimura, 1966; McGlone & Davison,

1973).

The univariate analysis of the degree of lateralization revealed

no significant main effects. This result was in agreement with the

findings of Kimura (1966) but conflicted with the significant gender

difference reported by McGlone and Davidson (1973). These results

reflected the contradictory nature of gender difference studies.

One possible explanation for the conflicting results of research

studies using the dot enumeration task may be the difficulty in

controlling the restriction of the subject's focal point so that each

presentation is actually occurring in the proper visual field. In

addition, the present study determined the degree of lateralization by

computing a log-odds ratio which differed from previous studies.

Since there were no significant effects for lateralization,

support was not determined for either a nature (gender) or nurture
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(skill level) explanation. These results possibly indicate that:

(a) nature and nurture were contributing equally, (b) neither nature or

nurture were contributing, and/or (c) the dot enumeration test may not

have been a valid measure of lateralization.

Spatial Visualization Ability

Maccoby and Jacklin (1974) have reported that males' performance

on spatial tasks is superior to that of females. Sherman (1974)

compared college students on the DAT Differential Space Relations

Subtest. The results supported Maccoby's and Jacklin's claim that

males are superior to females with regard to spatial visualization

ability.

The univariate analysis of this study reported both a significant

(£ < .0017) skill level effect and gender by skill level interaction

(B < .0340) (Figure 1). Skill level accounted for 7.10% of the

variance. The result of this study was affected by an extremely low

score for the competitive males on the DAT Space Relations Subtest.

The mean for the skilled males was 11.044 points lower than for the

unskilled males.

This result substantiated the findings of Tapley and Bryden (1977)

but conflicted with the results of several other studies (Hult & Brous,

1985; Newcombe et al., 1983; Sherman, 1974). As previously noted, the

extremely low score for the skilled males may have influenced the

results of the present study.

Newcombe et al. (1983) found males had better spatial

visualization ability, as measured by the DAT Space Relations Subtest,
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than did females. In addition, they correlated spatial task

performance with the DAT scores and reported that the DAT scores

correlated with the spatial performance variables for females but not

for males. These researchers (Newcombe et al., 1983) cautioned about

interpretation of the results because of the nature of the activities

on the questionnaire used to determine spatial performance. None of

the results of the present study revealed any differences that

supported the findings of Newcombe et al. (1983).

Lunneborg and Lunneborg (1983) correlated sport participation with

spatial visualization performance, as measured by a spatial test

similar to the DAT. Their results indicated that, for females, spatial

ability was highly correlated with the concepts of understanding math

and science. For males, high correlations were achieved for a spatial

test similar to the DAT with drafting and drawing, while low

correlations were achieved for a spatial test similar to the DAT with

sport participation. The significant skill level effect and

interaction effect of the present study tend to support the findings of

Lunneborg and Lunneborg (1983). Specifically, the fact that the

unskilled males performed significantly (£ < .0003) better than skilled

males (Figure 1) substantiated the previous results (Lunneborg &

Lunneborg, 1983). The high correlation between spatial activities,

such as drafting and drawing, for males (Lunneborg & Lunneborg, 1983)

may have indicated that the processing necessary to perform well on the

task, as measured by the DAT Space Relations Subtest, was similar to

the processing necessary for drafting and drawing.
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Streicker and LeVesconte (1982) tested the effects of training on

visual spatial ability tasks. They found significant differences

between males and females for the DAT Space Relations Subtest and three

other spatial tests. After the subjects were trained and received

practice on the tasks, they were given the test again. For the second

test no significant gender difference was reported for the DAT. The

importance of spatial visualization experiences was reflected by this

finding, especially in tasks that specifically demand the same visual

processes and strategies.

Therefore, as was indicated by the findings of Streicker and

LeVesconte (1982), Lunneborg and Lunneborg (1983), and the present

study, individuals who engaged in activities which have similar

processing demands and strategies to those of the DAT would perform

better than individuals who did not participate in such activities. In

addition, although sports participation demands an individual to use

spatial abilities, the spatial abilities used are involved with

movement and are designed to formulate movement patterns in extremely

short periods of time. The DAT involves a flat two dimensional figure

that never moves except in the individual's mind. The application of

the concepts of similarity and specificity to the performance on the

DAT may indicate that the more similar and specific the experiences are

to the task involved in the DAT, the stronger the relationship to DAT

performance. The concepts of task similarity/specificity may provide

an explanation for the significant superior performance by the

unskilled males in comparison to: (a) skilled males and (b) skilled
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females. The largest difference of the means was reported for skilled

males, followed by skilled females. These results may indicate that

individuals who were involved in collegiate athletics were involved in

activities that had visual spatial demands that were not the same as

the demands of the DAT, while unskilled males were involved in

activities that have similar spatial visualization demands to that of

the DAT. Similarly, it is possible that unskilled males were more

challenged by the DAT task and had more desire to perform well, while

skilled males were not interested in or challenged by this task. Thus,

unskilled males might have been more motivated to perform well.

Hult and Brous (1985), the only study that compared athletes and

nonathletes, reported males scored significantly higher than females in

spatial visualization. In addition, highly skilled females

outperformed the low skilled females; low skilled males scored slightly

but not significantly better than highly skilled males. The results of

the present study (Figure 1) did not support the findings of Hult and

Brous (1985). Previous research (Lunneborg & Lunneborg, 1983; Newcombe

et al., 1983) suggested possible relationships between spatial

visualization ability and participation in spatial activities. The

study of Hult and Brous (1985) reflected similar results to Newcombe

et al. (1983). To develop a more encompassing understanding of gender

differences, Hult and Brous (1985) used the factors of SAT scores and

high school math courses as covariates for a second analysis which

produced no gender effect. The researchers (Hult & Brous, 1985)

concluded that the measurement of spatial ability is a complex process
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which requires evaluating numerous factors. The present study

integrated several variables related to spatial ability in an attempt

to explain further the nature of the gender difference question. Even

though this study evaluated several variables, no concrete answers were

obtained, and the conclusion of Hult and Brous (1985) that spatial

ability is a complex process was supported by the results.

Coincidence Anticipation Performance

The temporal/spatial task of coincidence anticipation was

investigated with regard to the following three measures: (a) absolute

error, (b) constant error, and (c) variable error. The univariate

analysis for each measure is discussed individually and subsequently

summarized.

Absolute error. The univariate analysis for absolute error

revealed a significant (p < .0001) gender main effect with males more

accurate than females. Gender accounted for 16.60% of the variance in

the AE model. Similar gender results, males more accurate than

females, were reported by Dorfman (1977) and Wrisberg et al. (1979).

In contrast, numerous studies (Dunham & Glad, 1985; Haywood, 1980;

Thomas et al., 1981; Wrisberg et al., 1982) found no significant gender

differences.

A significant (p < .0042) gender by skill level interaction was

reported and accounted for 4.94% of the variance in the model. Further

investigation of the gender by skill level interaction effect in the

present study revealed: (a) no difference existed in accuracy between

skilled and unskilled males, (b) unskilled males were more accurate
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than both unskilled and skilled females, (c) skilled males were more

accurate than unskilled females, (d) skilled females were more accurate

than unskilled females, and (e) no difference was found between skilled

males and skilled females (Figure 2).

The nonsignificant results of this study supported the literature in

two categories: (a) no differences between competitive and

noncompetitive males as determined by the post hoc analysis computed by

Wrisberg et al. (1979) and (b) the nonsignificant difference between

skilled males and skilled females established by Petrakis (1985). The

difference between unskilled males and both skilled and unskilled

females may indicate: (a) that males as a group may biologically

possess more coincidence anticipation ability and experience by females

as a group will not eliminate the mean difference; (b) that even

unskilled males have more opportunities than do skilled females to

develop their coincidence anticipation ability; and/or (c) that

unskilled males are more familiar with a computer and/or computer game

type tasks, either through educational or recreational situations, than

are females.

The results of the present study indicated that the unskilled females

performed with less accuracy than skilled females and both skilled and

unskilled males. Lack of experience in coincidence anticipation tasks

may be related to less accurate performance by the unskilled females.

If the latter case is true, the results of this study would support

socialization theory in regard to the measure of absolute error for the

performance of a coincidence anticipation task.
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Constant error. The univariate analysis for constant error of

coincidence anticipation performance revealed two significant main

effects: (a) a gender effect (p < .0011) and (b) a skilled level

effect (p < .0326). Gender accounted for 7.59% of the variability in

the model, and skill level accounted for 2.74% of the variability.

The gender main effect for this study indicated that males had

less response bias than females. This significant gender effect

substantiated the findings of Dorfman (1977) and Wrisberg et al. (1979,

1981). The findings of this study conflicted with the nonsignificant

gender results reported by several studies (Haywood, 1980; Thomas et

al., 1981). This result was the reversal of the significant gender

result reported by Dunham and Glad (1985). They found that at a low

speed (3.6 mph) females had less response bias than males. Dunham and

Glad (1985) suggested that the difference was due to a psychological

variable (i.e., males were less attentive or underestimated the task

difficulty). Based on their suggestion, the differences between the

present study and the reverse results of Dunham and Glad (1985) may be

explained.

The specific gender by skill level contrasts revealed significant

differences between unskilled females and both skilled and unskilled

males. Skilled and unskilled males performed with less response bias

than the unskilled females. The skilled males did not significantly

differ from unskilled males (Figure 3).

Wrisberg et al. (1979) found that noncompetitive males performed

with more response bias than competitive males. The results of the
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present study (Figure 3) that skilled males did not differ from

unskilled males were contradictory to the findings of Wrisberg et al.

(1979). Wrisberg et al. (1979) suggested caution in the interpretation

of their results due to the nature of the competitive experience

investigation (post hoc) and the small sample size (9 females, 8

males). This caution may provide the explanation for the discrepancy

of the findings of Wrisberg et al. (1979) and the present study.

The results of the present study indicated that unskilled females

responded in a positive direction (M = .039); that is, they had a

stronger tendency to respond later than both skilled and unskilled

males. This late response may possibly be attributed to the lack of

experience of unskilled females in coincidence anticipation tasks. If

the latter is true, the results of this study would support

socialization theory (nurture) in regard to the measure of constant

error for the performance of a coincidence anticipation task.

Variable error. For variable error, a significant (fi < .0003)

gender main effect was found, which accounted for 9.32% of the variance

of the model. This significant gender result (Figure 4) supported the

findings of numerous studies (Dorfman, 1977; Wrisberg et al., 1979,

1980). In contrast, Haywood (1980) and Thomas et al. (1981) reported

no gender differences for the measure of variable error.

The specific gender by skill contrasts revealed a significant

difference between unskilled males and both skilled and unskilled

females, but no difference between skilled males and both unskilled and

skilled females (Figure 4). In contrast, Wrisberg et al. (1979)
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reported noncompetitive males had higher variable error than

competitive males. Once again the caution of interpretation (i.e., the

small sample size for their post hoc analysis) offered by Wrisberg

et al. (1979) may account for the differences in the results of the two

studies.

Dunham and Glad (1985) presented the moving stimuli at different

speeds and in different planes. Females were found to be more

consistent than males when the moving stimulus was presented in the

frontal plane. Psychological variables were given as the explanation

for the difference, implying that the males were bored and therefore

inattentive. Dunham and Glad (1985) suggested that this

inattentiveness reduced the consistency of the performance and produced

inaccurate gender difference results. The explanation offered by

Dunham and Glad (1985) may be applicable to the present study. In this

study stimulus speed was 2 mph (3.218 kmph) for a fixed pattern, and

the only body movement was to push a computer key. These factors may

have influenced a highly skilled male to consider the task simple and

not challenging; thus they may have been bored and performed at a lower

level than that of which they were capable. This may account for the

lack of difference finding between skilled males and unskilled females.

This explanation is viable when considering the fact that the results

indicated significant differences between the unskilled males and both

unskilled and skilled females, with males being more consistent than

females. If the latter explanation were true, a nature explanation may

have been weakly supported.
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A second possible explanation, supportive of the nurture portion

of the nature-nurture dichotomy for the significant differences between

unskilled males and both skill and unskilled females, is related to the

concept of task specificity. Unskilled males may have more educational

and/or recreational experience with computers than both unskilled and

skilled females. If the latter is true, socialization theory is

strongly supported by the results of the present study.

These two previous explanations, a weakly supported nature and a

strongly supported nurture, represent both portions of the nature-

nurture dichotomy, and only through the investigation and inclusion of

other variables such as (a) background experience in computers,

(b) video game experience, and (c) motivational questionnaire relevant

to the task may gender differences be more precisely evaluated. As

Hult and Brous (1985) concluded, the study of gender difference for

spatial ability is complex and involves numerous variables.

Summary of Coincidence Anticipation Performance Measures

In summary, all three measures (AE, CE, VE) produced significant

gender effects. In addition, on all three measures the main effect of

gender accounted for the largest portions of the variance within each

specific model. As has been the nature of research concerning

coincidence anticipation, the results of the present study provided

support for some of the studies reviewed and failed to support others.

This may be because: (a) the task used for the present study was a

computer task and none of the other studies employed an identical task;

and (b) the nature of experience specificity of the subjects was
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different (i.e., all college students collectively versus college

students categorized as competitive and noncompetitive). The results

of the present study revealed that unskilled males were more consistent

and accurate and had less response bias than unskilled females.

Skilled males were more accurate and had less response bias than

unskilled females, but did not differ from them on the measure of

variable error. Unskilled males were more accurate and consistent than

skilled females, while skilled males and skilled females did not differ

with regard to accuracy.

Socialization may suggest stronger encouragement of males for

sport and computer tasks for this age group; thus, given task

specificity, both skilled and unskilled males might tend to do better

than unskilled females. In addition, the lack of difference between

skilled participants would also appear to support a socialization

hypothesis. A biological explanation may be offered for the strong

gender difference between the unskilled males and both unskilled and

skilled females, but a socialization explanation may also be offered.

Summary of Subproblem 1

In explanation of the significant multivariate main effect for

gender, there was a pattern of similar results grouped among the

measures of coincidence anticipation (AE, CE, VE) in contrast to the

pattern of similar results for the measures of spatial visualization

ability and lateralization. This multivariate result indicated gender

differences were concentrated in the temporal/spatial performance area

but were not evident for the degree of lateralization nor the
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performance of a spatial visualization task. The finding suggested

strong gender difference favoring males for the performance of a

coincidence anticipation task.

The significant multivariate main effect for skill level revealed

a pattern of similar results grouped among the coincidence anticipation

measure of constant error and the spatial visualization ability in

contrast to the pattern of similar results for the variables of

absolute error, variable error, and degree of lateralization. The

result indicated that skilled individuals performed significantly

better than unskilled individuals with respect to less response bias on

a coincidence anticipation task, but unskilled individuals performed

better (higher scores) for the spatial visualization task. Experience

and task specificity may be possible explanations for the result.

Skilled individuals had a depth of experience with moving objects,

whereas unskilled subjects may have had more experience with tasks

which required only mental manipulation and no body involvement. These

two experiences may have different task demands in regard to mental

processing. Thus, based upon the concept of specificity, performance

on the specific measures of the present study may be related to

specific past experiences.

For the significant multivariate interaction effect of gender by

skill level, there was a similar pattern of results for the variables

of absolute error and spatial visualization ability in contrast to the

pattern of results for constant error, variable error, and degree of

lateralization. Further investigation of the gender by skill level
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interaction was conducted through the investigation of all possible

pairwise comparisons. Significant multivariate differences were found

between (a) unskilled males with skilled males, unskilled females, and

skilled females; and (b) skilled males and unskilled females. For the

multivariate performance, unskilled males performed better than skilled

males and both unskilled and skilled females, while skilled males

performed better than unskilled females.

Based upon these results, a single nature (gender) or nurture

(skill level) answer is not completely supported. Findings of

significant gender effects with no interactions and no skill level

effects for the dependent measure of degree of lateralization would

have provided strong support for a biological explanation (i.e.,

nature). These specific findings were not obtained in the present

study. Findings of significant interactions and skill level effects

would have provided strong support for the socialization explanation

(i.e., nurture). Although no significant differences between skilled

males and skilled females were found, which tends to support a

socialization explanation, the lack of difference reported between

skilled and unskilled females inhibits complete acceptance of a

socialization explanation for the results. The findings of the present

study supported the conclusion of Halpern (1986) that both nature and

nurture explanations of gender differences have weaknesses and are

unable to answer all the questions.
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Subproblem 2

Whiting (1969) included spatial ability as one of the components

in the learning and performance of motor tasks. According to

information processing theories (Bernstein, 1967; Welford, 1972;

Whiting, 1969), human motor performance incorporates the integration of

environmental input through the processes of perception, translation,

and effection. The process of perception (the organization and

attaching of meaning to the stimuli received through the sensory

system) is directly related to spatial visualization ability. The

development of motor responses and the ensuing motor performance is

mainly dependent upon the sensory modality of vision (Gentile, 1972;

Schmidt, 1982). Based upon this theoretical rationale, it was

hypothesized that spatial visualization ability would be negatively

correlated with the performance of a motor task.

Spatial visualization ability was correlated with the three

measures (absolute, constant, and variable error) of coincidence

anticipation performance. All three of the correlations were negative,

but only two (absolute and variable error) were significant. The

measure of absolute error was significantly (£ < .0026) correlated with

the score on the DAT Space Relations Subtest. This result supported

the hypothesis of Subproblem 2, indicating that individuals who score

better on a spatial visualization task (higher scores) performed with

more accuracy (lower scores) on a coincidence anticipation task.

The measure of variable error was significantly negatively

correlated (£ < .0066) with spatial visualization ability. Subjects
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who had better spatial visualization ability (higher scores) had more

consistent performance (lower scores) on the coincidence anticipation

task. This finding supported the hypothesis of this subproblem.

The literature review revealed that only the measure of constant

error for coincidence anticipation performance had been correlated with

performance on the DAT Space Relations Subtest. Beitel (1981), for

female subjects only, reported a low, positive nonsignificant

correlation (r = .10), while a low, negative nonsignificant correlation

(r = .167) was obtained in the present study. This positive

correlation direction in the former study may be reflective of the

nature of the sample. According to Tapley and Bryden (1977), females

approach spatial manipulation utilizing a verbal process, whereas males

approach the task utilizing a visual process. Coincidence anticipation

is a spatial/temporal task, and a verbal approach may produce scores

with a high response bias. Therefore, based on this rationale, the

correlation between DAT performance and the measure of coincidence

anticipation for females may tend to fall in a positive direction.

In summary, the correlations of all three measures of coincidence

anticipation performance with the spatial visualization ability measure

(Subproblem 2) were in the predicted negative direction, with two being

significant (absolute and variable error) and one just failing to

achieve statistical significance (constant error). Therefore, the

hypothesis of the present study was supported for the measures of

absolute and variable error but was not supported for the measure of

constant error. The results indicated that a relationship exists
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between better spatial visualization ability and more accurate and

consistent coincidence anticipation performance.

In temporal/spatial tasks, the object and/or the individual may be

moving at various velocities and changing flight patterns. For the

temporal/spatial task of coincidence anticipation employed in this

study, the moving object maintained a constant velocity and a fixed

flight pattern. Thus, these results may be limited to temporal/spatial

tasks that have constant velocities and fixed flight patterns.

Subproblem 3

According to the literature reviewed, the right cerebral

hemisphere has been determined as the cerebral hemisphere specialized

for the processing of spatial information (Gazzangia, 1978; Ornstein,

1972). Lateralization theory (Levy, 1972, 1974) states that males are

more lateralized with verbal functioning in the left cerebral

hemisphere and spatial functioning in the right. Females supposedly

are bilateralized with the verbal functions overlapping into the right

cerebral hemisphere and thus interfering with spatial processing (Levy,

1972, 1974). A strong negative correlation would indicate that more

lateralized individuals are better at spatial processing and vice

versa.

For this study a negative correlation was obtained for the measure

of spatial visualization ability and the degree of lateralization but

it was not significant; therefore, the hypothesis of the present study

was not supported.
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Only one other study compared spatial visualization ability with

performance on a dot enumeration task (McGlone & Davidson, 1973). They

compared performance on Thurstone's Primary Mental Abilities Spatial

Relations Subtest with left-right visual field superiority and reported

a nonsignificant result. Both this study and McGlone and Davidson

(1973) produced similar results.

Tapley and Bryden (1977) found that for males the DAT had a high

positive correlation with visual imagery, but that for females the DAT

had a high positive correlation with verbal imagery. Their

interpretation of this finding was that females employed a much more

verbal processing strategy in the performance of a spatial manipulation

task such as measured by the DAT. Possibly, in the present study,

females who scored high on the DAT used a verbal approach, for which

the left cerebral hemisphere is associated. This opposite hemispheric

processing may have effected the correlation of this study.

Subproblem 4

Theoretically, the more lateralized an individual is, the more

specialized the right cerebral hemisphere is for processing spatial

tasks (Levy, 1972, 1974). Therefore, it might be hypothesized that

individuals with a high degree of lateralization (lower scores) would

tend to be very good (lower scores) on temporal/spatial tasks and vice

versa.

Low positive correlations were obtained for the measures of

coincidence anticipation performance (AE, r = .057; CE, r = .124; VE,
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r = .022) but none achieved statistical significance. Thus, the

hypothesis of the present study was not supported. Within the

literature reviewed no study was identified that investigated the

relationship between coincidence anticipation performance and the

degree of lateralization.

Subproblem 5

The literature reviewed (Colley et al., 1985; Duquin, 1978; Snyder

& Spreitzer, 1978) suggested (a) that the majority of athletic events,

especially competitive athletics, have been classified as masculine and

(b) that participation in these activities has often been considered by

society as inappropriate for females. Duquin (1978) predicted that the

majority of females with a feminine gender identity would refrain from

participating in such activities. Support for the prediction by Duquin

was provided by this study. A Chi-Square analysis indicated a

significant cross tabulation (p < .001) for gender identity when gender

and sJcill level were addressed collectively. When sicill level was

analyzed, a significant difference (p < .005) difference was revealed

for the genders (Table 5, page 68). SJcilled males had a larger

percentage of masculine individuals (58.62%), while the largest

percentage of skilled females were androgynous (40.00%).

Myers and Lips (1978) had reported a similar result for male and

female racquetball players (i.e., males 40% masculine and females 44%

androgynous). Further, in the present study, the largest percentages

of unskilled males were classified as undifferentiated (33.33%) or
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masculine (33.33%), while the largest percentage of unskilled females

were classified as feminine (58.33%). In the present study, the

percentage reported for the unskilled females was identical to the

result reported by Myers and Lips (1978). Myers and Lips (1978) did

not conduct an analysis for gender identity of males because their

sample consisted of only skilled males.

The Chi-Square analysis within gender revealed a significant

(p < .015) difference for females but not for males (p < .101). The

largest percentage of unskilled females were classified as feminine

(58.33%), while the largest percentage of skilled females were

classified as androgynous (40.00%).

The results of the present study replicate the findings of Colley

et al. (1985) in regard to within gender differences with one

exception. Colley et al. (1985) analyzed gender identity with sport

participation but separated the sports into team and individual. To

compare the results of Colley et al. (1985) with the present study, the

individual and team sport percentages were combined to represent

competitive skill level. Colley et al. (1985) found that the largest

percentage (36%) of skilled females were classified as feminine,

whereas in the present study the most dominant gender identity of

skilled females was androgynous (40%).

Burke (1986) found that the largest percentage (45%) of collegiate

female athletes were classified as androgynous, which was replicated in

the present study (40%). In contrast, Burke (1986) reported that 0% of
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the females in his study were classified as undifferentiated, while in

the present study 13% of the females were so classified.

An androgynous individual has been characterized by Bem (1975) as

an individual who is more flexible; that is, they participate more

freely in both masculine and feminine behaviors, as dictated by the

situation, than individuals who are classified as masculine or

feminine. Androgynous individuals will choose either a masculine or

feminine behavior dependent upon the situational demands, whereas

masculine and feminine individuals limit their behaviors to the

behaviors specifically associated with their gender identity. Based on

Bem's (1975) definition, Myers and Lips (1985) hypothesized, and

subsequently supported their hypothesis, that female competitive sports

participants were more androgynous because of the necessity for women

to be flexible in sport.

The present study found the largest percentage of skilled females

were classified as androgynous; this result supported the findings of

Myers and Lips (1985). In the present study, the largest percentage of

skilled males were classified as masculine, while the largest

percentage of unskilled females were classified as feminine. This

result was similar to the finding reported by Colley et al. (1985).

According to society, males are to be masculine, implying the

characteristics of aggression, competitiveness, activeness, and

instrumentalism, and females are to be feminine, which implies the

characteristics of being passive, submissive, cooperative, and

expressive (Oglesby, 1984). Therefore, for Myers and Lips (1985) and
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the present study, the largest percentage of skilled females, those

involved in situations that demand masculine characteristics, were

classified as androgynous. For Colley et al. (1985) and the present

study, the largest percentage of skilled males and unskilled females

were classified in the category that was deemed appropriate for their

gender, therefore restricting them to either masculine or feminine

behaviors, respectively. If the behavior of feminine females is

restricted, then their participation in temporal/spatial tasks would be

limited and, according to Bem (1975), may result in their failure to

learn behaviors associated with the activity. This concept may be an

explanation for the poorer performance by unskilled females in the

present study on the coincidence anticipation task.

Summary

In an effort to explore gender difference in temporal/spatial task

performance an integrated model was developed. According to several

researchers (Halpern, 1986; Harris, 1981; Sherman, 1978), the nature-

nurture dichotomy has been unable to provide all the answers to the

gender difference question in regard to spatial ability. The theories

of lateralization and socialization were investigated simultaneously

with regard to both gender related variables and performance/experience

of a temporal/spatial task.

Support for lateralization theory (Levy, 1972, 1974) was centered

in the measurement and analysis of the degree of lateralization, but

the lack of a gender main effect reduced the viability of a nature
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answer. In addition, the degree of lateralization was not correlated

with performance of a coincidence anticipation task or a spatial

visualization task (DAT). One possible explanation for these findings

is that the dot enumeration task may not be a valid instrument.

Socialization theory (Sherman, 1967) considers differential

childhood experiences to be critical to the development of certain

abilities. The multivariate model used in the present study revealed a

significant skill level main effect as well as a significant skill

level X gender interaction. Further investigation of the interaction

revealed that unskilled males were significantly different from skilled

males, unskilled females, and skilled females. Skilled males were also

significantly different from unskilled females. These differences were

evaluated for each univariate model. Skilled females did not differ

from skilled males for the multivariate model. These interactions

revealed that the experiences for the unskilled males, although not the

same as they were for the skilled males, may be more similar to the

tasks and strategies of the test used within the present study. This

explanation was based upon the concept of similarity/specificity.

For the analyses of variance conducted on the three dependent

measures of coincidence anticipation, unskilled males were

significantly better than unskilled females on all three measures

(absolute, constant, and variable error), while skilled males were

better than unskilled females for absolute and constant error. In

general, males were more accurate and had less response bias than

unskilled females. Skilled females were more accurate than unskilled
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females but did not differ on any other measures. For the difference

between the unskilled females and both skilled and unskilled males a

possible nature explanation might be offered, but so may a stronger

nurture explanation be offered also.

The analysis of spatial visualization ability produced results

that tend to support the nurture concept of socialization. Unskilled

males differed from skilled males and skilled females. A possible

explanation for these differences was offered by Tapley and Bryden

(1977); skilled males, because of boredom or an underestimation of task

difficulty, failed to perform to their true ability level.

Finally, the investigation as to the gender identity of the

various genders and skill levels revealed that skilled and unskilled

males did not have different patterns, but skilled and unskilled

females were significantly different. In addition, for within skill

level, males and females differed. The largest percentage of skilled

females were androgynous, while the largest percentages for skilled

males and unskilled females were masculine and feminine, respectively.

These results demonstrated that a larger percentage of masculine and

feminine individuals were aligned with the skill level that is best

representative of the types of behaviors characterized by their gender

identity. Androgynous individuals, according to Bem (1975) are more

flexible than masculine or feminine individuals. Researchers (Myers &

Lips, 1978; Burke, 1986) reported that the largest percentage of female

athletes are classified as androgynous. Similar results were reported

for the present study.
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According to Bern (1975), lack of participation in activities may

result in an individual's failure to learn the behaviors associated

with that activity. Since feminine females were the largest percentage

representative of the unskilled female group, a possible explanation

for their poorer performance on the coincidence anticipation task may

be due to their lack of previous experiences.

When all the results were combined, unskilled males had the best

performance and unskilled females had the poorest performance. The

combination of the spatial task performances and the results of the

gender identity analyses strongly supported a socialization

explanation. However, not all the questions were answered. Based upon

the results, it may be concluded that spatial ability is a complex

concept and needs to be investigated further through an integrated

approach.



CHAPTER VI

SUMMARY, CONCLUSIONS, AND IMPLICATIONS

Summary

The purpose of this study was to explore an integrated approach to

the investigation of gender related individual difference variables and

the performance/experience of temporal/spatial tasks. The following

variables were considered with regard to gender: (a) degree of

lateralization, (b) spatial visualization, and (c) gender identity.

The following variables were considered with regard to temporal/spatial

performance/experience: (a) coincidence anticipation measures and

(b) skill level. One hundred and nineteen college students aged 17 to

25 years served as subjects. Participants, consisting of 59 males and

60 females, were categorized as skilled or unskilled based upon their

current and previous competitive athletic experience. Skilled subjects

were current members of intercollegiate athletic (temporal/spatial task

only) teams. Unskilled subjects were college students who had never

participated in any type of organized competitive athletics

(temporal/spatial or spatial only).

The dependent measures of spatial visualization ability,

coincidence anticipation performance, and the degree of lateralization

were selected based upon their relationship to spatial ability as

documented by previously reported research. The Space Relations

Subtest of the Differential Aptitude Test was used as the measure of

spatial visualization ability. The dot enumeration test, as described

105
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by Kimura (1966) and McGlone and Davidson (1973) was used to determine

the degree of lateralization. The Coincidence-Anticipation Accuracy

Microcomputer Diskette (Kluka & Zimmerman, 1985) was utilized to

measure coincidence anticipation performance. The Bern Sex Role

Inventory (Bem, 1974) was used to determine the gender identity

classification.

A 2 X 2 (gender by skill level) MANOVA was used to analyze the

data for the measures of spatial visualization ability, degree of

lateralization, and coincidence anticipation performance. Wilks'

Lambda Criterion £ < .05 was used to evaluate the multivariate F.

Bonferroni multiple comparison method (p < .008) was applied for post

hoc tests. Utility indices were calculated for significant effects

within the univariate ANOVAs. The Pearson product-moment correlation

technique was utilized to determine the relationship between the

dependent measures. Chi-Square analysis was used to analyze the

relationship of gender and skill level with gender identity.

The nature-nurture dichotomy has been the framework upon which

most gender difference research studies have been conducted. Several

researchers (Halpern, 1986; Harris, 1981; Sherman, 1978) have concluded

that all the answers cannot be derived from this either-or concept.

The results of this study would tend to support that conclusion. The

nurture concept was supported strongly by the finding of no

multivariate difference between skilled females and skilled males but

was weakened by the lack of difference between skilled and unskilled

females in many variables. The nature concept was not supported by the

lack of difference between males and females in regard to the gender
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related variable degree of lateralization. However, for a significant

gender main effect, the nature concept was a possible but weak

explanation. Therefore, neither concept provided all the answers.

The theory of lateralization (Levy, 1971, 1974) states that males

are more specialized in the right hemisphere for the processing of

spatial information and that they have superior spatial ability as a

result of this specialization. The findings of the present study do

not support this theory. No difference was found between males and

females across skill levels for the dot enumeration task, a measure of

lateralization. The correlation of the dot enumeration task was

nonsignificant for both spatial visualization ability and the measures

of coincidence anticipation. A possible explanation for these results

was based upon tlie research by Tapley and Bryden (1977). They found

that for females verbal imagery was highly correlated with spatial

visualization ability, while for males the high correlation was with

imagery. Possibly the females employed a verbal strategy for

the performance of the spatial tasks which, because of the left

hemispheric processing of verbal information, may have influenced the

correlation. Another possible explanation for the lack of difference

result may be that the dot enumeration task may not have measured

lateralization.

Socialization theory (Sherman, 1967) states that differential

childhood experiences influence a person's spatial ability. For the

present study, the strongest support was developed for the concept of

socialization. The multivariate interactions revealed that skilled and

unskilled males performed better than unskilled females, while skilled
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females did not differ from skilled males. These results provided

strong support for the socialization concept.

The analyses of the univariate results were conducted to provide a

better understanding of where the differences occurred. For the

coincidence anticipation tasks collectively, the main effect of gender

accounted for the largest portions of the variance for each model.

Both skilled and unskilled males were significantly better than

unskilled females for the measures of absolute and constant error, and

skilled males were better than unskilled females. In addition,

unskilled males were more accurate and consistent than skilled females.

These results may be indicative of a viable nature answer (i.e., that

males are biologically better) or indicative of a nurture explanation

(i.e., that males have more experience than females).

The type of experience may also be related to the performance

differences. Task specificity may explain the superior performance of

the unskilled males. That is, the everyday experiences of unskilled

males may be more highly correlated to the performance of the specific

spatial tasks used within this study than are the sport experiences of

the skilled males.

Maccoby and Jacklin (1974) reported that males' performances on

spatial tasks are superior to those of females. The results of this

study failed to substantiate the viewpoint of Maccoby and Jacklin

(1974). The interaction revealed that unskilled males and both

unskilled and skilled females differed, and unskilled males had the

better performance. As before, the explanation for the result is

presented with regard to a nature-nurture dichotomy.
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Socialization theory (Sherman, 1967) is based upon differential

childhood experiences, of which competitive athletics is one. These

childhood experiences, according to Green et al. (1982) are related to

gender identity. Since the majority of sports, especially competitive

sports, have been classified as masculine by society, participation by

females is deemed inappropriate. The present study investigated the

interaction of gender and skill level with regard to gender identity.

The results indicated that the gender identity patterns for the skilled

and unskilled females were significantly difference, but that was not

the case for the males. The results indicated that the largest

percentage of skilled females were androgynous, while the largest

percentage of unskilled females were feminine. The skilled males and

the unskilled females followed society's expectations as represented by

the largest percentages being masculine and feminine, respectively.

When all the results are considered together, it appears that

unskilled males exhibited the best spatial performance in respect to

the different measures evaluated and unskilled females had the poorest

performance. Combining that result with the finding that unskilled

females were mostly feminine provided the theory of socialization with

the strongest support. But even with these combined efforts, the

specific contribution of the concepts of nature and nurture are

indefinite. Therefore, it may be concluded that temporal/spatial task

performance is a complex concept that should be investigated further

through an integrated approach.
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Conclusions

The purpose of the present study was to explore an integrated

approach to the investigation of gender related individual difference

variables and the performance/experience of temporal/spatial tasks.

Although both nature and nurture may be contributing, overall there was

greater support for the nurture-based theory of socialization than for

the nature based theory of lateralization. The results of the data

suggested:

1. (a) Unskilled males were superior to unskilled females, skilled

females, and skilled males in the performance of spatial tasks.

(b) Skilled males were superior to unskilled females in the

performance of spatial tasks.

(c) Unskilled males were more accurate, consistent, and had

less response bias than unskilled females in the performance of spatial

tasks.

(d) Skilled females were more accurate than unskilled females

in the performance of a coincidence anticipation task.

(e) Unskilled males were more accurate and consistent than

skilled females in the performance of a coincidence anticipation task.

(f) Skilled males were more accurate and performed with less

response bias than unskilled females in the performance of a

coincidence anticipation task.

(g) Unskilled males were superior to skilled females and

skilled males in spatial visualization ability.

(h) No significant difference existed between males and

females, skilled and unskilled, in the degree of lateralization.
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2. Significant negative relationships existed between spatial

visualization ability and accurate and consistent performance on the

coincidence anticipation task.

3. No significant relationship existed between the degree of

lateralization and spatial visualization ability.

4. No significant relationship existed between the degree of

lateralization and the performance of a coincidence anticipation task.

5. (a) Significant pattern differences in gender identity existed

among males and females as a function of skill level.

(b) Significant pattern differences in gender identity existed

among females (i.e., the largest percentage of unskilled females were

feminine, 53.33%; skilled females were androgynous, 40%).

(c) No significant pattern differences in gender identity

existed among males representing the two skill levels.

(d) Significant pattern differences in gender identity existed

among unskilled individuals (i.e., largest percentage of unskilled

females were feminine, 53.33%; unskilled males were masculine and

undifferentiated, 33.33%).

(e) Significant pattern differences in gender identity existed

among skilled individuals (i.e., largest percentage of skilled females

were androgynous, 40%; skilled males were masculine, 58.62%).

Implications for Future Research

This study has demonstrated that the investigation of gender

difference in spatial ability is complex and that numerous variables

need to be incorporated to provide an accurate evaluation of the
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construct. The following recommendations for future research are

related to the evaluation of the nature-nurture issue for gender

related individual difference variables and motor performance.

1. Reexamine the dot enumeration test with simultaneous EEG

measurement.

2. Evaluate numerous paper and pencil spatial visualization tests

and correlate with performance on a coincidence anticipation task.

3. Investigate numerous methods to assess coincidence

anticipation performance in a wide variety of types of tasks.

4. Conduct a longitudinal study to evaluate the development of

spatial visualization ability.

5. Conduct a similar study with a new sample of skilled males.

6. Evaluate gender identity in relation to the dependent

variables of the present study.

7. Include the variables of intelligence, cognitive style, and

analytical ability in the evaluation of spatial visualization ability.
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INITIAL SURVEY FOR PROSPECTIVE SUBJECTS



INITIAL SURVEY FOR PROSPECTIVE SUBJECTS

NAME

ADDRESS (LOCAL)

TELEPHONE NUMBER

DOMINANT HAND RIGHT LEFT

1. HAVE YOU EVER PARTICIPATED ON ANY ORGANIZED COMPETITIVE ATHLETIC TEAMS
OR CLUBS? (I.E. COACHED WITH REGULARLY SCHEDULED GAMES )

YES NO

2. DO YOU ENGAGE IN ANY REGULAR ATHLETIC ACTIVITIES?

YES NO

IF YES, SPECIFY THE ACTIVITIES AND THE NUMBER OF HOURS PER WEEK
YOU PARTICIPATE IN SUCH AN ACTIVITY.

ACTIVITIES HRS/WEEK

3. DID YOU HAVE AN ORGANIZED AND STRUCTURED PHYSICAL EDUCATION PROGRAM

DURING YOUR ELEMENTARY SCHOOL EDUCATION? YES NO

4. DID YOU HAVE AN ORGANIZED AND STRUCTURED PHYSICAL EDUCATION PROGRAM

DURING YOUR HIGH SCHOOL EDUCATION? YES NO

5. HOW MANY PHYSICAL EDUCATION CLASSES HAVE YOU TAKEN DURING YOUR COLLEGE

EDUCATION?

PLEASE SPECIFY THE ACTIVITIES

6. DO YOU HAVE ANY PARTICULAR VISION PROBLEMS? YES
NO

7. DO YOU WEAR CORRECTIVE LENSES? ____ CONTACT LENSES?
Y~ "n" U*
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LETTER OF EXPLANATION

March, 19B7

Dear

You have been specially selected to participate in a study concerned
with -factors which explain di-f-ferences in the per-formance o-f spatial

and temporal/spatial tasks (similar to a computer game). This study is
directed by Jolynn Kuhlman and is part o-f her doctoral dissertation.

The study will consist o-f two testing sessions. The -first part is a
•forty minute individual testing session during which you will complete
both a computerized temporal/spatial task and a visual 1ateralization
task. The second part o-f the study consists o-f a 50 minute group
testing session during which you will complete two paper and pencil
tasks.

Your scores are considered confidential information and no names will

be recorded on the score sheets. Only group data will be used in
reporting the results and conclusions.

This study can only be accomplished with your help. Your contribution
is very important end you are doing a real favor if you agree to
participate. However, if you so choose, you may withdraw from the
study at any time without penalty.

Thank you very much for your assistance.

Si ncerely,

Jolynn Kuhlman

693—9002 Home Phone

Office 36B HPER Building
974-5111 Office Phone
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INFORMED CONSENT FORM

I have read the letter explaining the expectations and I understand
that the purpose of this study is to learn more about factors which
explain differences in the performance of spatial and temporal/spatial
tasks.

I confirm that my participation as a subject is entirely voluntary. No
coercion of any kind has been used to obtain my cooperation.
I understand that I may withdraw my consent and terminate my
participation at any time during the investigation without penalty.

I have read the procedures that will be used in the study and
understand what will be required of me as a subject. I understand that
I may ask any questions for clarification at any time.

I understand that all of my responses and scores will remain completely
confidential.

I wish to give my cooperation as a subject.

Signed

Witness

Date

Campus Address

Local Phone

Testing session times
Date Date

Room Room

Jolynn Kuhlman
Phone 974-5111 (Office)

693-9002 (Home)

Office 36B HPER Building
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PROTOCOL FOR COINCIDENCE ANTICIPATION TASK



PROTOCOL FOR COINCIDENCE ANTICIPATION PERFORMANCE TASK

The subject entered the room and was seated alongside the

researcher in front of the computer. The researcher asked the subject

the biographical questions (Appendix E) and typed the subject's answers

into the computer. At the conclusion of the questions the researcher

said:

The task you are going to perform is a timing task (Kluka &

Zimmerman, 1985). The object of the task is for you to strike the open

apple key (indicating where the key is located on the keyboard) with

the index finger of your right hand. Strike the key when you believe

the "star" that is moving across the screen from left to right will

arrive at the point marked by the lines on the screen. Please strike

the key; don't just press the key and hold it down. You may rest your

finger on the key, but remember to use a striking motion to depress the

open apple key.

You will have three practice trials and for each one you will be

informed of the accuracy of your response. A negative response

indicates that you strike the key before the "star" arrived at the

point. A response of zero indicates you struck the key at the exact

moment the star arrived at the point, and a positive response indicates

that you struck the key after the star arrived at the point. After you

have performed the three practice trials, you will perform 20 more

trials for which you will not be provided information concerning the

accuracy of the response. Prior to every trial the computer will warn
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you to be ready. The time between the warning and the initiation of

the movement of the "star" will vary. I will watch the practice trials

and answer any questions but will not watch while you perform the 20

trials. The computer will inform you when the final trial is

completed. At that time, do not touch any keys on the computer and

inform me that you are finished.

Do you have any questions? (Questions were answered.) You may

press the return key to begin the practice trials.

Following completion the researcher typed in the subject number to

store the data in the computer.
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BIOGRAPHIC INFORMATION/DATA COMPUTER PRINT OUT



BIOGRAPHIC INFORMATION/DATA COMPUTER PRINT OUT

DATE YEAR/MONTH/DAY

SUBJECT #

BIRTHDATE YEAR/MONTH/DAY

HAND PREFERENCE

CORRECTIVE LENS

CONTACT LENS

CURRENT SPORTS

DATA

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20
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PROTOCOL FOR DOT ENUMERATION TEST

After completing the coincidence anticipation performance task,

the subject moved and was seated in a chair located directly in front

of a rear projection screen. The researcher then explained the

procedure for the dot enumeration task.

The subject was told:

You are now going to perform a dot enumeration task. The object

of the task is for you to focus on the yellow dot on the screen at all

times and, when the slide flashes on the screen, determine how many

white dots appeared on the screen. There will be between 3 and 10

white dots in every slide.

You will place your chin on the chin rest and your head against

the head rest. At no time do you want to move your head. The yellow

dot on the screen is where you want to be focusing your attention all

the time. Once we begin, a projection, with anywhere from 3 to 10

white dots, will appear on the screen for a very brief time—much less

than a second. Immediately after the projection is over, you should

verbally tell me how many dots you saw in the projection. Please

remember not to move your head when you give me your answer. The time

between each trial is 5 seconds and there will be 96 trials. After 48

^J^isls there will be a 1-minute break while I change the slide tray.

It is of the utmost importance that you focus at all times on the

yellow dot and remember that each slide contains between 3 and 10 white

dots.
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You will be given four practice trials. The slide will be shown

and you should verbally tell me how many dots you saw. Then a black

slide will be shown while I inform you how many dots were in the

previous slide. You will then be shown the original slide again. This

pattern will be the same for all four of the practice trials. I will

inform you of the completion of the practice trials and when the task

will begin. You will not receive information concerning the number of

dots during the rest of the trials.

Do you have any questions?

Any questions were answered and then the researcher said:

Please position you head on the chin rest and against the head

rest and get comfortable. Remember to focus on the yellow dot at all

times. Are you ready?

The practice trials commenced when the subject replied yes.

After the first practice slide the researcher said:

There were 4 dots in that slide, now you'll see that slide again.

After the fourth practice slide, the researcher said:

There were 9 dots in that slide, now you'll see that slide again.

After the seventh practice, the researcher said:

There were 7 dots in that slide, now you'll see that slide again.

After the tenth practice slide, the researcher said:

There were 6 dots in that slide, now you'll see that slide again.
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After the twelfth slide, the researcher said:

That concludes the practice trials. You will see two blank slides

and then the task will begin. There are no more blank slides once the

task begins.
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DOT ENUMERATION SCORE SHEET

SCBJUCT # SEX DATE

1 L 7

2 L 5

3 L 6

A R 7

5 R 9

6 R A

7 R A

i L 7

9 R 5

10 R 3

11 L 9

12 R 9

13 L 10

lA R 8

15 R 5

B L 3

17 R 3

18 L 9

19 R A

20 L 5

21 L 7

22 L A

i3 L 8

2A R 6

25 L A

i6 R 3

27 R 8

28 L 3

l9 R 6

30 L 5

31 R 3

32 R 7

33 L 6

3A L 9

35 R 3

36 R 6

37 R 7

is R A

39 L 10

AO L 8

Al L 3

A2 L A

A3 L 5

AA R 10 •

A5 R 9

A^ L 3

Zl L 9

48 L lo

3 dot total

A dot total

5 dot total

6 dot total

7 dot total

8 dot total

9 dot total

10 dot total

A9 R lo
50 R A

51 L A

52 R 5

53 L 5

5A R 9

55 R 6

56 R 10

57 R 5

58 L 7

59 R 10

60 R 9

61 L 8

R 7

63 R 9

6A R 10

65 L 10

66 L 6

67 R 8

68 R 3

69 R 7

70 L 8

>1 L A

72 L 9

73 R 10

7A L 10

75 R A

76 L 8

77 L 3

78 R 6

79 L 8

80 L 7

81 L 6

82 R 5

83 R 6

8A L 10

85 L 7

8^ L 6

87 L 3

88 R 8

89 L 5

90 L 6

91 R 8 )
1

92 R 5 I

93 R 7 I

9A L A

95 L 9

96 R 8

Ev«a tocal_

Odd total

Right

Right

Left

Left
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PROTOCOL FOR SPACE RELATIONS SUBTEST

OF DIFFERENTIAL APTITUDE TEST

The subjects entered the testing room and received a test packet

identified by their subject number on the outside of the envelope and a

tear label with their name on it. After receiving their test packet

they were seated. The test packet contained two envelopes, one labeled

Packet #1 and the other labeled Packet #2. The test packet also

contained a pencil.

The subjects were informed not to open the packet until the test

administrator so informed them. After all subjects assigned to the

specific testing session had received their test packet and were seated

the test administrator said:

Please remove the Packet #1 from your test envelope and the

pencil. Please do not open the test booklet until you are so directed.

Please check the number on your answer sheet to verify that it matches

the number on the outside of your test packet and remove your name

label from the answer sheet. If the number matches, place both

envelopes under your chair. If the number does not match, please

inform me.

If there was a mismatch in numbers the test administrator checked

the problem and provided a new answer sheet with the appropriate

subject number. If there were no mismatches, the administrator said:

Please turn to page 42 of the test booklet (Bennett, Seashore, &

Wesman, 1982). You are to read the instructions and examples on these
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two pages. When you have completed reading, do not turn the page, but

wait for further instructions.

Time was allowed for students to read the instructions. When the

test administrator observed that all subjects had completed reading the

instructions and attempting the examples, the administrator said:

Please do not write in the test booklet. Mark your answer by

writing the letter (a, b, c, or d) of the figure you have determined to

be correct in the appropriate space on your answer sheet. Remember to

give only one answer per item. You will have 25 minutes to complete

the test and you want to answer as many questions as possible within

the time frame. If you are having difficulty with a question, skip

that question and go on to the next. If you have time left you can go

back to that question. The time remaining will be posted on the

blackboard in 5-minute intervals for the first 20 minutes and in 1-

minute intervals for the last 5 minutes. When there is 1 minute

remaining, a verbal signal is given. When you finish the test, place

your answer sheet inside your booklet and close the booklet. Please

leave the booklet on your desk and sit quietly until the entire

allotted time has elapsed. Are there any questions?

The administrator answered any questions at that time. After the

questions had been answered or if there were no questions the

administrator said:

You may turn the page and begin.

After 24 minutes the administrator said:

There is 1 minute remaining.
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After the 25 minutes had elapsed the test administrator said:

Please put down your pencil. Place your answer sheet inside your

test booklet and close the booklet. Take the envelopes from under the

chair, place the test booklet back into the envelope labeled Packet #1,

and place that envelope back in the test packet.
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SCORE SHEET FOR THE SPACE RELATIONS SUBTEST

OF THE DIFFERENTIAL APTITUDE TEST

1 .

2 .

3 .

4 .

5 .

6 .

7 .

B.

9.

10 .

11 .

12 .

13.

14 .

15 .

16.

17.

IB.

19.

20.

21.

22.

23.

24.

25.

26.

27.

2B.

29.

30.

31.

32.

33.

34.

35.

36.

37.

3B.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

SB.

59.

60.

Total Number Correct:

Subject Number:

Have you ever taken this test be-fore? Yes No
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PROTOCOL FOR THE BEM SEX ROLE INVENTORY

After subjects completed the Space Relations Subtest of the DAT

and had placed the Space Relations envelope back into the test packet.

The test administrator said:

Please remove the envelope labeled Packet #2 from the test packet

and remove the Inventory (Bem, 1974) from the envelope. Do not read

any part of the Inventory until directed to do so by the test

administrator. Please make sure the subject number on the Inventory

matches the number on the outside of the tesk packet. If the numbers

do not match, please inform me immediately.

If there were any mismatches, the administrator provided an

Inventory with the appropriate subject number. If there were no

mismatches, the test administrator said:

Please place the envelopes under your chair. You are not under a

time limitation for the completion of this Inventory. When you have

finished, place the Inventory back into the envelope labeled Packet #2

and then into the test packet envelope. Please remove your name label

from the outside of the test packet. You may then hand in your test

packet to the test administrator and leave. Read the instructions and

examples on the first pasfe carefully so you understand the proper way

to answer the Inventory. Please answer all items honestly and

sincerely. You may begin.
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BEM SEX ROLE INVENTORY

In this inventory you will be presented with sixty personality

characteristics. You are to use those characteristics in order to describe

yourself. That is, you are to indicate, on a scale fron 1 to 7, how true

of you these various characteristics are. Please do not leave any

characteristic unnarked.

Example: Sly

Mark a 1 if it is never or almost never true that you are sly.

Mark a 2 if it is usually not true that you are sly.

Mark a 3 if it is sometimes but infrequently true that you are sly.

Mark a 4 if it is occasionally true that you are sly.

Mark a 5 if it is often true that you are sly.

Mark a 6 if it is usually true that you are sly.

Hark a 7 if it is always or almost always true that you are sly.

Thus, if you feel it is sometimes but infrequently true that you are "sly,"

never or almost never true that you are "malicious," always or almost

always true that you are "irresponsible," and often true that you are

"carefree," you would rate these characteristics as follows:

3  Sly 7 Irresponsible

1  Malicious 5 Carefree

Subject Number

Have you ever taken this inventory before?
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1

Never or

Almost Never

True

Usually
Not

True

Sometimes

But

Infrequently
True

Occasionally Often
True True

Usually
True

Always or
Almost

Always True

_ 1. Self-reliant 31.
2. Yielding 32.

3. Helpful 33.

4. Defends own beliefs 34.

5. Cheerful 35.

6. Moody 36.

7. Independent 37.

_ 8. Shy 38.

9. Conscientious 39.

_10. Athletic 40.

_11. Affectionate 41.

_12. Theatrical 42.

_13. Assertive 43.

_14. Flatterable 44.

_15. Happy 45.

_16. Has strong personality 46.

_17. Loyal 47.

_18. Unpredictable 48.

_19. Forceful 49.

_20. Feminine 50.

_21. Reliable 51.

_22. Analytical 52.

_23. Sympathetic 53.

_24. Jealous 54.

_25. Has leadership abilities 55.

_26. Sensitive to the needs of others 56.

_27. Truthful 57.

_28. Willing to take risks 58.

29. Understanding 59.

30. Secretive 60.

Makes decisions easily

Compassionate

Sincere

Self-sufficient

Eager to soothe hurt feelings

Conceited

Dominant

Soft-spoken

Likable

Masculine

Warm

Solemn

Willing to take a stand

Tender

Friendly

Aggressive

Gullible

Inefficient

Acts as a leader

Childlike

Adaptable

Individualistic

Does not use harsh language

Unsystematic

Competitive

Loves children

Tactful

Ambitious

Gentle

Conventional
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Psychology in August 1987. She will be employed by the Department of

Physical Education, Indiana State University, after graduation.


