
The educational and vocational preferences of a cohort spatially. gifted females 

and males from the Study of Mathematically Precocious Youth 

By 

Melissa Bernadine Lange 

A thesis submitted to the graduate faculty 

in partial fulfillment of the requirements fo~ the degree of 

MASTER OF SCIENCE 

Major: Psychology 

Major Professor: Douglas L. Epperson 

Iowa State University 

Ames, Iowa 

1999 



ii 

Graduate College 
Iowa State University · 

This is to certify that the Master's thesis of 

Melissa Bernadine Lange 

has met the thesis requirements of Iowa State University 

Signatures have been redacted for privacy 



iii 

TABLE OF CONTENTS 

CHAPTER 1. INTRODUCTION 
Rationale 
Research Questions and Hypotheses 

CHAPTER 2. LITERATURE REVIEW 
Defining Spatial Ability 
Factor Analytic History of Spatial Abilities 
The Importance of Spatial Abilities 

CHAPTER 3. METHODS 
Participants 
Independent Measures 
Dependent Measures 
Procedure 

CHAPTER4.RESULTS 
. Spatial Ability 
Mathematical Ability 
Vocational Interests and Values 
Educational and Vocational Preferences 
Extracurricular Activities 

CHAPTER 5. DISCUSSION 
Mathematical Ability 
Occupational Interests 
Occupational Values 
Educational and Occupational Preferences 

CHAPTER 6. CONCLUSION 

REFERENCES CITED 

1 
2 
5 

10 
10 
11 
17 

27 
27 
27 
29 
32 

35 
35 
36 
39 
49 
55 

76 
78 
79 
82 
83 

86 

94 



CHAPTER 1. INTRODUCTION 

Spatial-visualization ability, as defined most commonly as the ability to generate, 

retain, retrieve, and transform visual images (Lohman, 1994), has had a long and extensive 

history in the psychological literature. Many factor analytic studies have been conducted to 

investigate the existence of a major group factor involving spatial ability and the possible 

breakdown of this major group factor into subdivisions (minor group factors), that 

correspond to a variety of spatial abilities (Kelley, 1928; El Koussy, 1935; Thurstone, 1931, 

1938, 1950). Another focus of the literature has been on the relationship to and the influence 

of spatial ability on other abilities, in particular mathematical ability (Casey, Nuttall, Pezaris, 

& Benbow, 1995). Gender differences in spatial ability have also been a major focus of 

research. While spatial-visualization has been prominent in the research literature, a great 

deal of confusion remains regarding a clear definition of what is meant by "spatial ability(s)." 

In addition, very little .is known about individuals who excel on measures of spatial 

abi~ities. Do spatially gifted individuals differ from non-spatially gifted individuals in their 

abilities, preferences, interests, and values? The present study will attempt to identify and 

examine the unique profile of interests, values, abilities, and preferences of individuals who 

are spatially gifted. In particular, vocational and educational preferences will be explored in 

the hopes of gaining a better understanding of the unique needs of students in this overlooked 

population. By identifying the educational and vocational preferences and needs of the 

spatially gifted, educators can be better equipped to design interventions and educational 

experiences that develop the unique talents of these individuals. 
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The Study of Mathematically Precocious Youth (SMPY) and its extensive data bank 

provides a unique opportunity to examine the differential degrees of spatial-visualization 

ability in a sample of intellectually gifted students. While studies have been conducted 

using the data from the Cohorts 1, 2, and 3 of the SMPY longitudinal study, little has been 

done to profile the educational and vocational preferences and interests of participants in 

Cohort 4. Participants in this particular cohort have all been administered three independent 

measures of spatial visualization (the Cubes, the Bennett Mechanical Comprehension test, 

and the Vandenberg Mental Rotation ~est). A composite score based on these three measures 

of spatial-visualization will be used to identify students falling in the top and bottom quartiles 

(by gender) on spatial-visualization ability. The present study will explore differences 

between spatially gifted adolescents and intellectually gifted students who are not identified 

as being spatially gifted. In addition, gender differences within the two spatial ability groups 

will be explored. 

Rationale 

The rationale for the present study is consistent with the long-term goals of the Study 

of Mathematically Precocious Youth outlined in Benbow & Arjmand (1990). The primary 

goal of the SMPY has been to "identify the factors that lead to creative work and/or high 

achievement in the sciences"' (Benbow, et al.). Benbow and Arjmand outlined the primary 

components involved in SMPY research: intellectual ability, educational experiences, and 

personal attitudes, interests, and values. Consistent with this research, the primary goal of 

the present study has been to profile the individuals in SMPY' s fourth cohort, paying 

particular attention to the unique abilities, interests, values, preferences, and experiences of 

individuals who are identified as being spatially gifted, in addition to intellectually gifted. 



3 

An additional impetus in profiling these spatially gifted adolescents has been the 

drastic under-representation of females in academic study and careers in mathematics, 

physical sciences, and engineering fields, in comparison to females representation in careers 

in law, business, and medicine. A variety of statistics proliferate the literature on the lack of 

females in science and engineering, and while theses statistics may vary, they do call 

attention to the drastic need to identify and nurture the talents of women who may be 

successful in math, science, and engineering. Based on statistics from the 1989 American 

College Testing (ACT) Program, only 1 % of females taking the ACT exam in 1989 indicated 

that they planned to pursue a major in the physical sciences and only 2 % indicated plans to 

major in engineering or biological sciences. None reported an interest in or plans to major in 

mathematics. Gifted females are no different, with only 20% of gifted females versus 40% 

of gifted males planning to pursue a career in math or the sciences (Benbow & Minor, 1986; 

Benbow, 1988). This under-representation or lack of interest in the math and the sciences is 

not limited to precollegiate females. Meade (1991) reports that just over 15% of engineering 

undergraduates are women and 14% of engineering master's degrees and 9% of engineering 

doctorates were issued to women in 1989-90. Faculty representation in colleges of 

engineering is also low, with only 3 % of engineering faculty being women (Meade, 1991 ). 

Farmer, Wardrop, Anderson, and Risinger (1995) point out that parity of women in 

science, engineering, and technical engineering has become a priority for government 

agencies, such as the National Science Foundation and the Department of Education. The 

lack of women in science and engineering represents a huge loss of talent for the United 

States (Meade, 1991; McLure & Piel, 1978). This under-representation of women in 

engineering and the sciences also represents a huge loss to women in the form of expanded 
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educational, occupation, and economic opportunities. Occupations in engineering were 

identified as one of the top 5 most lucrative potential occupations for women by the United 

States Department of Labor (1990). While math abilities are important to success in careers 

in science and engineering, Schaefers, Epperson, and Nauta (1997) point out that gender 

differences in the representation and persistence of women in math-related technical fields is 

not fully explained by mathematical abilities alone. It has been hypothesized that mechanical 

comprehension and spatial abilities are critical for high-level performance in careers in the 

physical sciences and engineering, as well as creative arts (Achter, Lubinski, and Benbow, 

1996). Achter et al. argue that an untapped talent pool for engineering and physical sciences 

exists, and that the use of mechanical comprehension and spatial ability measures may be 

used to uncover these unused resources. 

The present study is unique in comparison to most of the literature on the under-

representation of females in engineering and the sciences. While previous research into 

under-representation has focused on potential barriers to women's involvement in these 

fields, researchers studying the under-representation of females have frequently failed to 

assess talent and the important role it plays in women's pursuit and success in these fields. 

While some investigators have looked at mathematical ability, the role of spatial ability has 

been completely ignored in explaining the under-representation of females. High spatial 

ability and strong (high) Realistic vocational interests are critical to success in engineering 

and the sciences. The low proportion of women who are both spatially gifted and who 

possess strong realistic interests helps to explain the under-representation of women in these 

careers. The present study attempts to gain a better understanding of the unique abilities, 

occupational interests and values, and educational/ occupational preferences of the spatially 
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gifted, with the future goal being better identification of the spatially gifted. By identifying 

these untapped individuals, we can design educational opportunities and intervention to 

increase their participation in careers in math, engineering, and the sciences. 

Research Questions and Hypotheses 

The present study sought to answer four questions regarding the abilities, vocational 

interests and values, educational and vocational preferences, and extracurricular and leisure-

time preferences of individuals identified as possessing gifts and talents in the area of spatial-

visualization. In all four areas of inquiry, the purpose was not only to identify these abilities, 

preferences, values, and interests, but to also investigate differences between varying levels 

of spatial ability (high versus low) and genders. In looking at differences based on gender, 

comparisons were made between males and females in the overall sample and within males 

and females in the high spatial ability group. 

Because of the extensive body of literature and research focusing on the relationship 

between spatial and mathematical abilities, the first research question involved examining the 

mathematical abilities of individuals in the study. More precisely, the following question 

directed the subsequent research: What differences exist between the four experimental 

groups (High-Spatial Males, High-Spatial Females, Low-Spatial Males, ,and Low-Spatial 

Females) in their mathematical ability patterns as measured by participants' scores on the 

Scholastic Aptitude Test (SAT)? 

Based on the research reviewed (Humphreys, Lubinski, and Yao (1993); Lubinski, 

Benbow, & Sanders, 1993; Casey, Nuttall, Pezaris, & Benbow, 1995), it was hypothesized 

· that spatially gifted (High-Spatial) females would have higher SAT-M scores than females in 

the low spatial-visualization group. In addition, High-Spatial females should have SAT-M 
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scores that are a little lower than High-Spatial males and roughly equivalent to the SAT-M 

scores of the Low-Spatial Males. High-Spatial males were hypothesized to have higher 

SAT-M scores than the remaining three groups. 

The second area of inquiry focused on the vocational interest and values of the 

sample of SMPY Cohort 4 participants. Vocational interests were measured using the Strong 

Interest Inventory; while vocational values of the sample were measured by the Study of 

Values (Allport, Vernon, and Lindzey, 1970). Both the Strong Interest Inventory and the 

Study of Values are described in more depth in Chapter 3. Two research question were 

asked: Do spatially gifted adolescents differ in their vocational interests and values from 

gifted adolescents who are not spatially gifted? Are there gender differences among the 

spatially gifted population in vocational interests and values? 

For vocational interests, it was hypothesized that males would have more narrowly 

defined vocational interests (in particular, Realistic and Investigative), while females would 

have more competing vocational interests (Lubinski & Benbow, 1992), regardless of there 

level of spatial-visualization ability. Social and Artistic vocational interests were 

hypothesized to be more prevalent in the females versus male groups. Realistic and 

Investigative vocational interests should also be more prevalent in both spatially gifted 

groups in comparison to the non-spatially gifted groups (Lubinski & Benbow, 1992; 

Lubinski, Benbow, & Sanders, 1993; Benbow & Lubinski, 1993; Lippa, 1995). 

Based on research looking at the positive correlation between the Strong Investigative 

theme and the Theoretical themes on the Study of values, it was hypothesized that theoretical 

values would be more prominent for individuals identified as being spatially gifted (Schmidt, 

Lubinski, & Benbow, in press). Overall, it was expected that males versus females would 
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rank Theoretical value as their most preferred or top-ranked value. Similarly, the Aesthetic 

theme and Social theme of the Study of Values have been shown to positively correlate with 

the Artistic and Social General Occupational Themes of the Strong, respectively. Based on 

these correlations, it was hypothesized that females regardless of their level of spatial ability 

would be more like to have the Aesthetic and Social themes as their top-ranked values, 

compared to males in the sample. 

Third, the present study sought to answer the following questions: How do spatially 

· gifted adolescents differ from gifted adolescents who are not spatially gifted in their 

educational and vocational preferences as measured by their responses on a background (life 

data) questionnaire? Are there gender differences in educational and vocational preferences 

among the spatially gifted population? To assess educational and vocational preferences, 

participants responded to questions about their enrollment in math and science course, their 

favorite courses in school, the least and most liked aspects of their educational experiences, 

the educational experience that has most affected them, and their choice of a future 

occupation. 

It was hypothesized that spatially gifted males would report completing the most and 

highest levels of science and math courses among the four groups. Females, regardless of 

their spatial visualization ability, were hypothesized to report enrolling in fewer math and 

science courses (Lubinski & Benbow, 1992). Preferences for courses in math and science 

should be more prevalent in the spatially gifted groups. In addition, spatially gifted 

adolescents were expected to be more likely to prefer and be enrolled in vocational courses 

than non-spatially gifted adolescents. Spatially gifted adolescents, in particular males, were 

expected to report math and science courses as being important for future careers. This 
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would be coupled with a higher prevalence of future science and math occupations for 

individuals scoring higher on the spatial-visualization composite. The preferred occupations 

of this population (High-Spatial) should involve working with and manipulating "things" or 

objects (Benbow & Lubinski, 1993; Lubinski, Benbow, & Sanders, 1993; Lippa, 1995). In 

regards to gender differences, females (particularly those in the Low-Spatial group) were 

hypothesized to report preferring occupations and courses involving social interactions, 

creativity, and the humanities or social sciences (Schmidt, Lubinski, & Benbow, in press). 

Finally, the present study sought to answer questions regarding the extracurricular and 

leisure-time activities of individuals identified as spatially gifted. The research questions to 

be answered were: Do individuals identified as being spatially gifted differ from non-

spatially gifted adolescents in their preferences for extracurricular activities? Do gender 

differences in self-reported preferences for extracurricular activities exist among the spatially 

gifted population? Extracurricular activities investigated included participation and 

involvement in a variety of clubs, competitions, artistic endeavors, and athletic activities. In 

addition, participants responded to questions about their reading habits and the amount of 

time they spent per week watching television, playing video games, and computer 

programming. Lastly, participants were asked about their involvement in "tinkering" 

activities, which were defined as activities involving mechanical gadgets and construction 

sets. 

It was hypothesized that Spatially gifted adolescents, regardless of gender, should report 

preferences for and participation in extracurricular activities that involve "tinkering" or 

working with objects (e.g., gardening, building, sewing, etc.) (Schmidt, Lubinski, & Benbow, 

1996). Based on their hypothesized interests (Realistic & Investigative) and values 
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(theoretical) profiles, spatially gifted students were expected to report being involved in a 

greater number of extracurricular activities and hobbies (Humphreys, Lubinski, & Yao, 

1993). Spatially gifted adolescents would be expected to show less involvement or interest 

in creative projects or extracurricular activities involve writing. In regards to gender 

differences, it was hypothesized that spatially gifted males would be more likely to report 

participation in projects or activities involving science or math ( e.g., science fair projects, 

math contests). Females were expected to report involvement in more diverse extracurricular 

hobbies and activities than males. 
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CHAPTER 2. REVIEW OF THE LITERATURE 

Defining Spatial Ability 

To gain a better understanding of what is meant by the term "spatial ability", one 

must survey its long history in the research literature, paying particular attention to the many 

factor analytic studies that have been conducted. The research on spatial ability is far from 

being debate free. After almost a century of research aimed at gaining a better 

understanding of spatial ability, we still lack a solid and clear definition. Difficulty in 

defining spatial ability may arise from differences in the way researchers describe or view 

this ability. Elliot and Smith (1983) contend that these differences in perspective are related 

to whether or not the researcher adopts a broad or narrow description/definition of what is 

meant by the term "spatial ability." When defined broadly, spatial ability refers to 

i~dividual differences in the processing of non-linguistic information. In contrast, spatial 

ability has been defined more narrowly as referring to inqividual differences in performance 

on spatial tests. Lohman (1994) commented on the difficulty in defining "spatial ability", 

stating that "much of the confusion [in defining spatial ability] lies in whether abilities are 

defined by performance on a certain class of tasks or by skill in executing certain types of 

mental processes (p.1005)." Embedded in this is the additional issue of whether spatial 

ability is a single unitary ability or a cluster/group of abilities that involve "different aspects 

of the process of image generation, storage, retrieval, and transformation" (Lohman, 1994). 

For the purpose of this study, Lehman's (1994) definition of spatial (-visualization) ability 

as the ability to mentally generate, retain, retrieve, and transform well-structured visual 

images was adopted. 
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Factor Analytic History of Spatial Abilities 

Elliot and Smith (1983) organize the history of spatial ability research into three 

phases, each of which addresses the important issues and questions that have been raised in. 

regards to spatial ability. Studies conducted in their first phase (1904-1938) focus on the 

fundamental question regarding the existence of spatial ability. As more evidence for the 

existence of a spatial factor surfaced, there was a shift in the direction or focus of empirical 

research on spatial abilities, marking the beginning of Elliot and Smith's (1983) second 

phase. Studies conducted between 1938 and 1961 can be classified into two categories: (1) 

studies aimed at investigating differences in possible subdivisions of the spatial factor; and 

(2) research aimed at the generation of new, psychometrically-sound tests of spatial ability. 

The focus of research on spatial abilities from the 1960's to the present (the third phase) has 

been on establishing "the status of spatial abilities in terms of the interrelation of many 

different abilities" and on determining the "different sources of variance in performance on 

spatial tests" (Elliot and Smith, 1983). 

Interest in spatial ability or a spatial factor and individual differences related to these 

specific abilities emerge with and grew out of early theories and measures of general 

intelligence (Elliot and Smith, 1983; Humphreys and Lubinski, 1996). Early tests of general 

intelligence, such as the Binet-Simon Scales of Intelligence (1905), contained spatially-

oriented test items. Spearman' s ( 1904) two-factor theory of intelligence also represents an 

important starting point for the study of spatial ability. According to Spearman, intelligence 

can be analyzed or divided into a general ability factor (g), or "general energy," and one or 

more specific/group factors (s). Spearman's general factor accounted for what was common 

among all tests of intelligence, while the specific factors :epresented the specific abilities that 
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were peculiar or unique to each test (Spearman, 1904; Elliot and Smith, 1983). Spearman's 

two-factor theory helped in paving the way for research focusing on the existence of group 

factors that "enter into some distinct abilities, ... and which correspond fairly closely to the 

important aptitudes (i.e. verbal, spatial, and numerical)" (Smith, 1964). Lastly, Stephenson's 

( 1931, 193 5) work in identifying a group factor for verbal ability distinct from the general 

ability factor (g) can be seen as an additional impetus for the increased interest in spatial 

ability and the development of non-verbal tests at the early part of this century (Smith, i964; 

McGee, 1979; Elliot & Smith, 1983), as researchers began to search for other group factors 

that were distinct from g. 

During the 1920's and 1930's (Elliot & Smith's first phase), early factor analytic 

studies by Kelley (1928), El Koussy (1935), Thurstone (1931, 1935), and other researchers 

investigated the existence of spatial factor as a subtype of intellectual ability (Guttman, 

Epsteing, Amir, & Guttman, 1990). In her investigations of"practical" ability, Mcfarlane 

( 1925) found evidence for the presence of a group factor in addition to g for boys. 

Individuals possessing abilities that related to this group factor excelled at analysis and 

judgements involving concrete spatial situations. Using a comprehensive battery of 28 spatial 

tests, El Koussy (1935) found evidence for a group factor (k) in 8 of the tests used. El 

Koussy defined k as the "ability to obtain and the facility to utilize visual spatial imagery." 

Along with El Koussy, Thurstone can be credited with helping to establish the existence of a 

separate spatial factor (Elliot & Smith, 1983). Thurstone (1931, 1938) viewed human 

intelligence as consisting of many independent or primary factors versus one general ability 

factor g. Thurstone' s (1931, 193 8) early work provided evidence for a "space" factor that 
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involves possessing a "facility in holding a mental image [sp~tial/visual imagery] and 

mentally twisting, turning, or rotating it to ... reach a solution." 

Moving into Phase II, later research by Thurstone (1950, 1951) would divide this 

"space" factor into a number of subdivisions. Included in Thurstone's subdivisions of the 

spatial factor would be three spatial-visual orientation factors (SI, S2, S3) and memory, 

kinesthetic, and closure factors. Thurstone's SI factor relates to the ability to visualize an 

object or rigid configuration when it is moved or seen from different angles. While the S 1 

factor relates to the movement of an entire object or configuration, S2 refers to the ability to 

visualize a configuration in which parts or_ components of configuration are moved ·or 

displaced. Finally, Thurstone's S3 refers to the ability to think about spatial relations in 

which the orientation of the observer's body represents an essential part of the problem 

(Smith, 1964). Thurstone (1950, 1951) was not the first to identify possible subdivisions of a 

spatial factor (Smith, 1964; Elliot & Smith, 1983). Kelley (1928) was one of the first to 

divide the spatial factor into two parts, one related to the sensing and retention of geometric 

forms and a second related to a facility in the mental manipulation of spatial relations and 

spatial-visual images. 

When discussing the division of the spatial factor into subdivisions related to more 

specific abilities anq. situations, it is helpful to refer to Vernon's (1950) hierarchical theory of 

intelligence. Vernon conceptualized the structure of human abilities using a hierarchical 

model in which a general ability factor (g) is extracted first through the use of factor analysis. 

Immediately below the general factor in the hierarchical model are the two major group 

factors proposed by Vernon: verbal-numerical-educational (v:ed) and mechanical-spatial-

practical (k:m) (Vernon, 1950). Further analysis leads to the division of the major group 
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factors into minor group factors. The v:ed factor is comprised of the verbal, numerical, and 

fluency (minor) group factors, while k:m consists of the spatial, mechanical information, and 

psychomotor (minor) group factors (Sattler, 1992). Combined measures of the general factor 

(g) and the v:ed factor are most commonly used in college admissions testing (i.e. SAT, 

ACT, and GRE) (Humphreys & Lubinski, 1996). Tests of the k:m factor were used 

extensively during World War II in the selection of pilots, and they are useful predictors for 

success in occupations that involve mechanical and technical tasks, as we will discuss later. 

The distinction between verbal and spatial abilities in Vernon's hierarchical model is 

a distinction that reoccurs in the literature. Lohman (1988) points to the existence of a 

similar verbal-spatial distinction in Guilford's (1967) semantic versus figural content and in 

the work of Gazzaniga (1983) on hemispheric specialization as it relates to verbal-sequential 

versus spatial-analog processing. A similar parallel can also be drawn between the verbal-

spatial distinction and Snow's ( 1964) "two cultures" (Humphreys & Lubinski, 1996). 

Returning to the division of the major spatial group factor into minor group factors 

and specific factors, strong evidence came from studies involving the United States Army Air 

Force (Guilford & Lacey, 1947). From this research, two spatial factors were identified: a 

spatial relations factor and a visualization factor (Vz). The spatial relations factor was 

defined as "the ability to determine the relationships between different spatially arranged 

stimuli and responses, and the comprehension of the arrangement of elements within a visual 

stimulus pattern." Visualization was defined as "the ability to imagine the rotation of 

depicted objects, the folding and unfolding of flat patterns, and the relative changes of 

position of objects in space" (Guilford Lacey). 
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Additional factor analytic studies during the 1950's resulted in a variety of different 

models involving two or more spatial factors (Burt, 1949; French, 1951; Michael, Guilford, 

Fruchter, and Zimmerman, i 957). The enormous factor analytic literature and the numerous 

spatial factors identified only added to the confusion in defining spatial ability. It was clear 

that spatial ability did not consist of a unitary factor, but rather a group of different spatial 

abilities. Myers (1958) concluded that the term "spatial abilities" represented a complex 

family of abilities whose relationships with one another remained unknoVvn. Ekstrom, 

French, and Harman (1979) argued that the basic problem with factor analytic studies of 

spatial abilities was they had not been successful in "building an integrated theory of the 

organization of spatial abilities based on a priori definition of specific tests and their roles in 

the model." Guttman et al. (1990) supported this view arguing that factor analytic research 

on spatial abilities has resulted in nothing more than a plethora of factor names that are vague 

and overlap in content. 

While a hierarchical model of cognitive abilities has been useful to this point in 

conceptualizing the relationship of a spatial ability factor(s) to a general factor (g) and other 

aptitudes and their corresponding group factors, researchers (Guttman, 1954; Marshalel, 

Lohman, & Snow, 1983; Ackerman, Sternberg, & Glaser, 1989; Guttman, et al., 1990; 

Lubinski & Dawis, 1992) have used the concept of a radex to arrange cognitive abilities 

based on their content and complexity. The Radex model places general intelligence at the 

center, with different major content abilities (verbal, figural, and numerical) as slices of the 

ability circle. Complexity of processing is reflected in the distance from the centroid of the 

radex, with the most complex abilities and measures located closest to. g. 
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Zimmerman (1954) was one of the first to consider the degree of difficulty of a 

spatial task as a possible determinant in its factor loadings with other spatial measures. He 

hypothesized that the spatial relation and visualization factors were differentiated by their 

relative amounts of complexity or difficulty (Smith, 1964). Zimmerman (1954) conducted a 

study using three different forms of a single test (Visualization of Manouvres ), which 

differed only in the level of difficulty or complexity. He found that the simplest form of the 

test loaded highest with the Perceptual Speed factor, while the moderately difficult form of 

the test loaded highest with the Space factor. The most difficult version of the test seemed to 

provide the best measure of the Visualization (Vz) factor. ~immerman concluded that 

different factors entered the same kind of test material at different levels of complexity. The 

degree of complexity involved in the spatial test dictated the need to utilize different response 

procedures. The 1/z factor involves a higher level of intellectual processing in comparison to 

the Perceptual Speed factor, which is more closely related to the automatic processing 

involved in timed spatial ability tests. 

Further studies by Guilford (1967, 1971), Wattanawaha (1977), and Guttman et al. 

(1990) point to the influence of different stimulus characteristics and task demands on the 

factor loadings of spatial ability tests. Guilford' s Structure of Intellect model (1967) 

proposes that intellectual activities can be best understood in terms of the mental operations 

performed, the content involved, and the products that result (Elliot & Smith, 1983). 

Wattanawaha (1977) identified four independent characteristics of spatial tasks that may 

influence factor loadings: (1) the dimensionality of the stimulus (2-D vs. 3-D); (2) the 

amount of internalization required (static vs. kinetic imagery); (3) the manner in which the 

answer must be presented (i.e. multiple choice, drawing, etc.); and (4) the type of thinking 
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required for the solution. Guttman, Epstein, Amir, and Guttman (1990) added to the Radex 

model by incorporating a method of fac~t theory (mapping sentence) designed by Guttman 

(1980). The resulting model was that of a cylindrex. The facets use in the study were: (1) 

the rule task (inference vs. application); (2) the presence or absence of mental rotation; (3) 

the dimensionality of the stimulus presented; and (4) the presence or absence of reflection in 

the test stimuli. Guttman et al. (1990) concluded that the combination of facet theory with 

regional analysis can be useful in the facilitating "the classification and design of spatial 

ability tests and in the conceptualization of spatial and other abilities," which is consistent 

with the Lohman's (1988) suggestions for the coordination of facet models with hierarchical 

models. 

The factor analytic literature on spatial abilities has progressed from answering the 

basic question about the existence of one or more spatial group factors. In addition, factor 

analytic research has attempted to explain the relationship of spatial abilities to other human 

abilities and the interrelationships of minor spatial group factors. Current research has 

focused on the nature of different types of spatial factors (i.e. spatial relations, spatial 

orientation, visualization, etc.) and gender differences that have been found on measures of 

spatial ability. 

The Importance of Spatial Abilities . 

While spatial ability has been prominent in hierarchical models of human abilities and 

in other areas of psychological research, such as investigations into the distinction between 

spatial abilities and verbal abilities and research on individual differences, this prominence 

has not carried over into practice. With the exception of their use in empirical research and 

as "performance" or "non-verbal" reasoning tests, spatial ability tests are not widely used 
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(Lohman, 1988). Educational testing, especially testing for college admissions, has focused 

on the use of tests that measure general ability and the verbal-numerical-educational (v:ed) 

factor. Because of their.history of use in military personnel selection for mechanical and 

technical assignments, spatial ability tests' utilization has been limited to personnel selection 

and vocational counseling for occupations that fall below the professional level (Humphreys 

& Lubinski, 1996). Lohman (1988) presented possible reasons for the limited utilization of 

spatial ability tests in practical settings. 

While verbal and general ability measures have been shown to be useful in predicting 

success in school and work, spatial ability tests have not been shown to play an important 

role in predicting success in traditional educational settings or courses. McGee (1979) 

provides a review of early predictive validity studies using spatial ability measures for the 

prediction of success in vocational-technical training programs and of success in a variety of 

occupations. The predictive validity of spatial ability has been shown to be higher for grades 

in engineering and trade schools, for pilot selection for air crews (Guilford & Lacey, 1947), 

and for machine workers and bench workers (Ghiselli, 1973). A 1957 study conducted by 

the United States Employment Service categorized jobs on the basis of worker trait 

characteristics ( e.g. interests, aptitudes) and found that jobs requiring a high level of spatial 

ability fell into four categories: engineers, scientists, draftsmen, and designers. More recent 

studies have supported the importance of high spatial ability in careers in engineering and 

physical sciences (Humphreys, Davey, & Kashima, 1986; Lubinski & Benbow, 1992; 

Benbow & Lubinski, 1993; Humphreys, Lubinski, & Yao, 1993; Achter, Lubinski, & 

Benbow, 1996). 
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Research by Humphreys and his colleagues (Humphreys, Davey, & Kashima, 1986; 

Humphreys, Lubinski, & Yao, 1993; and Humphreys & Yao, unpublished) has sought to 

examine the usefulness of spatial visualization measures in educational and occupational 

selection and attainment, while investigating the unique characteristics of spatially-talented 

individuals. In a study investigating experimental measures of cognitive privilege/ 

deprivation, Humphreys, Davey, and Kashima (1986) used three composite scores based on 

Vernon's Structure oflntellect model: a general intelligence composite, a verbal-numerical-

educational (v:ed) composite, and a mechanical-spatial-practical (k:m) composite. They 

found that the general intelligence and v: ed keys were almost parallel measures of the same 

thing, while the mechanical-spatial key appeared to provide some degree of differential 

prediction. More importantly, Humphreys et al. (1986) found support for the idea that 

students self-select engineering and physical science educational paths on the basis of their 

spatial-visualization abilities. 

Humphreys, Lubinski, and Yao (1993) further investigated the role of spatial 

visualization in becoming an engineer, physical scientist, or artist. They hypothesized that 

while mathematical ability was important in securing educational credentials in engineering 

and the physical sciences, spatial ability also played a critical role in individuals' educational 

and occupational successes in these fields. In other words, spatial visualization ability would 

add incremental validity in the prediction of group membership for physical science and 

engineering students. Beyond finding support for their hypothesis, their study provides 

excellent insight into the unique characteristics of individuals who are spatially-gifted. 

Members of the "High-Space" group had math grades similar to those of the "High 

Intelligence" group and their science grades were slightly lower. "High Space" students had 
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much lower grades in foreign languages, English, and social studies, with both males and 

females in the "high space" groups avoiding majors in the social sciences and humanities. 

They did have the highest grades of the three groups in vocational courses. While they 

scored above average on verbal and mathematical achievement measures, spatially-gifted 

individuals were less likely to be enrolled in college preparatory courses, and they had a 

higher drop-out rate. "High Space" individuals were more likely to be found in occupations 

in which a high school education was considered to be sufficient (i.e. skilled trades and labor 

occupations) and were less likely to have educational credentials beyond a high school 

diploma. To their advantage, "high space" individuals were.motivated to achieve and 

reported interests and participation in a wi~er variety of hobbies. Hobbies and interests 

involved a preference for working with objects, such as gardening, building, sewing, and 

tinkering. 

Humphreys et al.' s ( 1993) results regarding the educational and occupational 

aspirations and attainments of spatially-gifted students provides more evidence for the under-

appreciation of spatial abilities and the limited use of spatial visualization measures in 

educational and occupational settings. Lohman (1988) argued that the limited use of spatial 

ability tests and the under-appreciation of spatial ability in practice and everyday life may 

result from a bias in our education system, and culture in general, towards verbal ability. The 

curriculum taught in our education system and the tests used to assess school achievement 

· are heavily based on verbal content and aptitudes. The criterion measures used in 

educational and work settings, and in life in general, show an over-reliance on verbal 

abilities. Humphreys and Lubinski (1996) argue that spatially gifted students are going 

overlooked because of a bias in our culture toward verbal and quantitative abilities. 
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Humphreys et al. (1993) hypothesize that spatially-gifted students are "turned off' from 

formal education by the highly verbal nature of the pre-college curriculum and the tests used 

to assess academic achievement in the schools. Support for their hypothesis can be found in 

the lower levels of academic and occupational attainment, the lower levels of occupational 

aspirations, and higher drop-out rates for students identified as having high spatial abilities. 

While numerous studies have supported the notion that spatial abilities play a critical 

role in predicting educational and occupational success in engineering and the physical 

sciences (Humphreys & Yao, unpublished manuscript; Humphreys, Davey, & Kashima, 

1986; Humphreys et al., 1993; Benbow & Lubinski, 1993), not much is know about the 

unique characteristics of the spatially gifted. Myers (1958) was one of the first to advocate 

for the wider significance of spatial abilities and the need to identify and profile spatially 

gifted individuals: 

We believe that the person with this [spatial] ability, or these abilities, will 
characteristically reason in a different manner from people who have little of 
these abilities. Their interests are likely to differ. They are likely to be more 
successful in solving certain problems. We believe that these abilities can be 
developed, that they are partially dependent upon innate characteristics, but 
that they often remain undeveloped because they are not appreciated. We 
believe that these abilities are much broader in scope than the limited criteria 
for which they have thus far been shown to be valid. They may even 
influence the ways in which one studies philosophy or appreciates 
literature .... 

"In our judgment, spatial ability is an important and pervasive trait, 
affecting our perception of our environment and our style of thinking about 
it. When better tests are built and a better theory provided for their use, we 
believe it possible that we will find spatial ability to be similar in importance 
to such traits as verbal or social intelligence. (p. 100) 

Teaming ability measures with measures of personal preferences, interests, and values can 

provide a more comprehensive picture of the unique characteristics of gifted (spatially-, 

mathematically-, intellectually-gifted) students, while also providing insight into how 
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personality characteristics and features influence the educational/ occupational decision-

making process (Lubinski, Benbow, and Sanders, 1993). 

Smith (1964) provides an_overviyw of the early research done on the relationship 

between spatial ability and interests, attitudes, and ''temperament." Smith reported that . 

evidence has been found to support an association between spatial ability and practical, 

mechanical, and scientific interests. In contrast, "academic" interests were found to be 

moderately associated with verbal ability. An additional spatial-verbal distinction was found 

in gender-related attitudes and interests. Smith (1954) concluded that spatial abilities are 

associated with masculine .attitudes and interests, while feminine attitudes and interests are 

more closely associated with verbal ability. Smith viewed these associations as being 

consistent with the gender differences in spatial abilities that are prevalent in the research 

literature. Lastly, Smith (1964) summarized findings regarding the relationship between 

spatial abilities and "temperament." He concluded that individuals who scored high on 

spatial ability tests relative to verbal tests tended to be more self-confident and self-sufficient. 

These individuals demonstrated greater vigor/drive and more freedom from nervousness and 

emotionality. In addition, individuals scoring high on spatial or mechanical comprehension 

measures tended to be more introverted and possessed more asocial traits. On the other hand, 

individuals scoring higher on verbal ability measures were characterized as being more 

emotional and extroverted. 

More recent studies conducted with participants in the Study of Mathematically 

Precocious Youth (SMPY) at Iowa State University have further explored the unique interest, 

value, and preference profiles of mathematically gifted adolescents. A major emphasis of the 

SMPY study has been focused on the achievement of intellectually talent youth in the 
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mathematics and science disciplines (Benbow, 1988; Benbow & Lubinski, 1993; Lubinski & 

Benbow, 1992; Lubinski, Benbow, & Sanders, 1993). While most studies have relied on 

subject samples of mathematically precocious adolescents, results from these studies have 

been helpful in shedding some light on the unique characteristics of individuals who may 

also be spatially gifted. In addition, these studies have provided valuable information about 

the gender-differences in spatial ability found in gifted populations. 

Using the Holland's (1985) hexagon and Allport, Vernon, and Lindzey's (1970) 

Study of Values (SOV), Benbow, Lubinski, and their colleagues (Humphreys et al., 1993; 

Lubinski & Benbow, 1992; Benbow & Lubinski, 1993, Lubinski, Benbow, & Sanders, 1993) 

have found consistent differences in the interest, value, and preference profiles of gifted 

adolescents based on their unique abilities and gender. The SOV is comprised of six value 

dimensions (viz. Theoretical, Aesthetic, Social, Economic, Religious, and Political). 

Holland's model of vocational interests consists of six interest categories: Investigative, 

Artistic, Social, Enterprising, Conventional, and Realistic. To supplement the Holland's 

hexagon, Prediger (1982) believed that two fundamental dimensions underlie the relations 

among the six vocational interests: a People-Things dimension and a Ideas-Data dimension. 

The People-Things dimension relates to the degree to which different vocations involve 

impersonal tasks (e.g. "things"-machines, tools,_ etc.) versus interpersonal tasks (caring for 

and relating to other "people"). Prediger' s People-Things dimension has been shown to be 

highly related to gender, with males favoring work involving "things" and females 

gravitating towards "people" (Lubinski & Benbow, 1992; Lippa, 1998). 

In a 1992 article, Lubinski and Benbow review SMPY research and discuss the 

gender differences that have been found among the gifted. Beyond the well-documented 
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gender differences for mathematically ability favoring males, they found gender differences 

favoring males in mechanical reasoning, spatial ability measures, and number of math and 

science courses. More relevant to our discussion of the unique characteristics of spatially-

gifted individuals were gender differences in vocational interests and values. Lubinski and 

Benbow (1992) reported that theoretical values were more characteristic of males and social 

values were more characteristic of females. More importantly, theoretical values are more 

characteristic for individuals employed in engineering or physical science fiel<;:ls. Social 

values were found to be negatively correlated with interests in physical science and 

engineering. A later study by Schmidt, Lubinski, and Benbow (in press) provided further 

support for these findings. Schmidt et al. f~und that the Theoretical value of the SOV 

correlated positively with mechanical and spatial ability, Investigative vocational interests (as 

measured by the Strong Interest Inventory), number of science books read, future 

occupational importance of math and physics, science course preferences, and tinkering with 

things. In addition, it correlated negatively with a variety of measures that include: ACL 

(Adjective Checklist) Nurturance and Affiliation, MPQ Social Closeness, and preference for 

course work in the humanities. The Social value correlated negatively with mechanical and 

spatial ability, future occupational importance of math, and tinkering. 

Lubinski et al. (1993) examined differences between mathematically gifted males and 

females on vocational interests. Mathematically talented males tended to have intense and 

narrow interests in the Investigative and Realistic sectors of Holland's hexagon, while 

mathematically gifted females tended to have interests that were more balanced or evenly 

divided among Holland's Investigative, Social, and Artistic vocational interests. Realistic 

interests correlate positively with mechanical_ and spatial ability, a like of tinkering, and 
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future occupational importance-of math, physics, and computer science, while correlating 

negatively with preferences for course work in the humanities (Schmidt et al., in press). 

Similarly, Investigative interests correlate positively with SOV Theoretical values and 

preferences for course work in the sciences. As for the vocational interests that were more 

characteristic of mathematically gifted females, Social and Artistic, both correlated 

negatively with mechanical and spatial ability. The research by Schmidt et al. on the 

vocational preferences and interest of intellectual gifted adolescents is consistent with the 

previous research reviewed in Lubinski and Benbow (1992). 

With similar patterns of gender differences in math and spatial abilities, it is safe to 

assume that the research on the vocational and educational preferences, interests, and values 

of mathematically gifted adolescents will predict a similar profile of preferences, interests, 

and values for individuals who are identified as being spatially gifted. Benbow and Lubinski 

(1993) list the following abilities and interests as being important for success in engineering 

or the physical science: high mathematical reasoning ability, high spatial-mechanical 

reasoning ability, intense Investigative vocational interests and Theoretical values, and a 

preference for activities and hobbies involving contact with objects (i.e. tinkering, building) 

versus people. Based on a review of the literature, it is probable that spatially gifted 

individuals, in particular males, would have this same ability and preference profile, making 

them well suited for success in the engineering and physical science fields. 

There can be serious educational and occupational implications for the spatially 

gifted if we think back to the role that spatial abilities and tests of spatial ability play in 

practice today. lfwe continue to relegate measures of spatial ability to their limited 

utilization in personnel selection and vocational counseling, we will continue to overlook a 
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population of individuals who are uniquely suited for occupations in the physical science and 

engineering fields. In addition, we are overlooking the unique educational needs of the 

spatially gifted. By not using adequate assessment tools, we cannot identify spatially gifted 

students and design interventions and educational opportunities and experiences that further 

develop their unique talents and abilities. 
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CHAPTER 3. METHODS 

Participants 

The participants in the present study were drawn from Cohort 4 of the SMPY' s 

planned fifty-year longitudinal study of intellectual talent (Lubinski & Benbow, 1994), 

currently in its third decade. Participants were identified through the 1992 to 1996 SMPY 

talent searches at Iowa State University, conducted by the Office of Precollegiate Programs 
. . 

for Talented and Gifted (OPPTAG). Students who scored in the top 3%, according to 

national norms, on standardized achievement tests administered in their schools (e.g., Iowa 

Test of Basic Skills) were invited to take the Scholastic Aptitude Test (SAT) as part of the 

talent search. Cohort 4 (N>l000) consists Qf students (87.5% Caucasian and 10.2% Asian) 

who scored 430 or higher on the SAT-V or 500 or higher on the SAT-M by age 13. The 

students in this cohort represent the top 0.5% ability level. These participants are primarily 

from the Midwest, with a large concentration coming from _the state of Iowa. All participants 

in the study were enrolled in summer programs for intellectually talented youth offered 

through OPPTAG. 

Independent Measures 

The independent variable, a spatial ability composite score, was created using a 

principal component based on the intercorrelations of the Vandenberg Mental Rotation Test, 

the Bennett Mechanical Comprehension Test, and the Cubes test. Each participant's spatial 

ability composite was calculated using the participant's scores from three different measures 

of spatial-mechani<;:al ability: the Bennett Mechanical Comprehension Test, the Vandenberg 

Mental Rotation Test, and the Cubes test. Scores on each of these tests were converted to z-

scores. The spatial composite was calculated using the following equation: 
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Cspatial = (.50) MRTz + (.30) Cubes2 + (.20) BMC2 

Where Cspatiai equals the spatial composite score, MRT2 is the subject's z-score on the 

Vandenberg Mental Rotation Test, Cubes2 equals the subject's z-score on the Cubes test, and 

BMC2 equals the subject's z-score on the Bennett Mechanical Comprehension test. 

Bennett Mechanical Comprehension Test. 

The Bennett Mechanical Comprehension Test (Form S; Bennett, 1969; Psychological 

Corporation, 1980) was designed to assess comprehension of physical and mechanical 

principles in practical situations. It is a 30-minute timed test, containing 58(?) multiple-

choice items. The manual reports reliability coefficients (split-half) ranging from .81 to .93. 

The mechanical skills assessed by the BMCT are especially relevant to educational-

vocational tracks involving a degree of "realistic interests" (according to Holland, 1985) or 

"things" (referring to Prediger's 1976 data-people-things-ideas map of the world of work). 

Validity data for these tracks are cited in the BMCT Manual (Psychological Corporation, 

1980). 

Vandenberg Mental Rotation Test (MRT) 

The Mental Rotation Test (Vandenberg & Kuse, 1978) is a paper and pencil test that 

measures three-dimensional spatial-visualization and uses figures similar to those originally 

designed by Shepard and Metzler (1971). Standard procedures were used in administering 

and scoring the MRT (maximum score= 40). Participants are required to match a standard 

figure to two identical, but rotated figures. There are four options from which participants 

must choose. The two "correct" or identical figures are randomly sequenced with two 

distractors (mirror images of the standard or images with slight feature differences from the 

standard). Skills assessed by this instrument are particularly relevant to highly technical 
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domains such as engineering. The internal consistency of this instrument, based on a sample 

of 2978 males and females, was .88 (V andenber & Kuse, 1978), and the test-retest 

coefficients, based on samples of 336 and 456 people over a one-year time span, were .83 

and .70, respectively (Kuse, 1977). 

Cubes 

Cubes (Johnson & Meade, 1987, adapted from a test by Thurstones, 1938) is a paper-

and-pencil test, which purports to measure three-dimensional spatial-visualization. The test 

consists of pictures of 3 2 pairs of cubes requiring the participant to judge whether the two 

cubes are rotated versions of the same cube or of different cubes. A different pattern is 

printed on the side of each cube. The reliability for the Cubes test is .82 for twelfth-grad 

students and .70 for eleventh-grade students (Johnson & Meade, 1987). 

Dependent Measures 

The Strong Interest Inventory 

Participants in Cohort 4 were administered the research version of the Strong Interest 

Inventory ( available through Consulting Psychologists Press, Palo Alto, California, and 

simply referred to as the ~trong henceforth). This instrument is an augmented version of the 

Strong-Campbell Interests Inventory (SCII; Hansen & Campbell, 1985) and includes some 

additional biographical items and experimental objectively scored questions about data, 

people, and things (Harmon, Hansen, Borgen, & Hammer, 1994). Both the SCII and the 

Strong contain identical measures yielding 23 Basic Interest scales and 6 General 

Occupational Themes, based on Holland's (1985) RIASEC dimensions: Realistic (interest in 

working with things and gadgets, working outdoors, and need for structure), Investigative 

(interest in sciences, particularly mathematics and the physical science; prefer independent 
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work), Artistic (interest in creative expression in writing and the arts and preference for little 

structure), Social (people interests and attraction to the helping professions), Enterprising · 

(preference for leadership roles aimed at achieving economic objectives), and Conventional 

(preference for well-structured environments and chains of command, and tendency to follow 

rather than lead). Holland (1985) proposeda,hexagonal structure to represent the 

interrelationships of these six vocational types, such that more similar types were arranged 

physically closer than types that were less similar (Fig. 4). Recent research has offered 

substantial support for the hexagonal organization of the RIAS EC over other hypothesized 

configurations in adult samples (Rounds & Tracey, 1992. Rounds, Tracey, & Hubert, 1992; 

Tracey & Rounds, 1993), as well as in intellectually gifted adolescent samples (Lubinski et 

al., 1995) 

Study of Values (SOV) 

The Study of Values (Allport et al., 1970) is a measure of personality-related values, 

conceptualized as basic motive or interests. Like the Strong Interest Inventory, the SOV 

yields scores along six dimensions (brief descriptions are given in parentheses): Theoretical 

( concern for the discovery of truth and tendency to think in empirical, critical, and rational 

terms), Economic (appreciation for what is practical or useful; tend to judge matters in terms 

of tangible, financial implications), Aesthetic (dominant value is in form and harmony; 

sensitive to grace, beauty, and symmetry), Social (altruistic and genuine philanthropic love of 

people; tend to be kind, sympathetic, and unselfish), Political (interested primarily in power, 

influence, renown, and leadership), and Religious (value unity; tend to by mystical and seek 

to relate themselves to a higher reality). 
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The SOV is an ipsative instrument, requiring respondents to make rank judgments 

between various value statements. Because of its ipsative nature, the SOV measures the 

relative strength of all six values intraindividually. Reliability information reported by the 

Manual (Allport et al., 1970) included split-halfreliability coefficients ranging from .73 

(Theoretical) to .90 (Religious), and test-retest ( over one-month) reliability coefficients 

ranging from .77 (Social) to .92 (Economic). Configural and test-retest stability of these 

themes for intellectually gifted participants 13 to 33 years of age can be found in Lubinski, 

Benbow, and Ryan (1995); SOV validity data can be found in Allport et al., (1970) and 

Dawis (1991). 

Scholastic Aptitude Test 

The SAT was designed as a college-entrance exam, to be taken by college-bound high 

school junior and senior to predict college performance. It consists of mathematical (SAT-

M) and verbal (SA T-V) subtests. Scores for each subtest are standardized on a scale ranging 

from 200 to 800. 

Background Questionnaire 

This questionnaire was designed by SMPY and consists of 157 variables pertaining to 

. attitudes, demographics, family background, and future plans, with particular emphasis 

placed on educational and vocational intentions. For the current study, 13 variables were 

included from the background questionnaire. They are: Mathematics and Science courses 

taken in the last year, ratings of academic subjects and school experience ("What do you like 

most/least about your school experience?" "List your three favorite courses in school", 

"What school experience has affected you educational/career plans the most?"), reading 

preferences ("How many books/ magazines have you read in the last 12 months, not 
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including those required for school, in the following categories?": Science - fiction & non 

fiction, Plays/Poetry/Essays, Love Stories, Biographies, etc.), number of hours a week spent 

computer programming or watching television (broken down into specific types of television 

programs), possible future occupations, and questions about preferred extracurricular 

activities and hobbies (in particular, tinkering with gadgets). 

Procedure 

Subjects in·the proposed study were drawn from data collected on intellectually gifted 

participants from SMPY's Cohort 4. All of the participants came to summer programs at 

ISU, sponsored by OPPTAG, in order to take high school or college courses at an accelerated 

pace. As part of their OPPTAG experience, participant completed tests and questionnaires 

for use in SMPY's ongoing longitudinal study. Prior to attending the summer programs, 

participants took the SAT at testing sites located in their local communities. The background 

questionnaires were mailed to participants' homes, completed there, and mailed back to ISU 

for scoring a few weeks before students ~ived at ISU. The ability tests were administered 

at ISU under standardized mass-testing conditions (Lubinski & Benbow, 1994)- all within a 

2 - 2.5-hour time frame. 

The scores from three independent spatial ability measures (Cubes, BMCT, and 

MRT) were combined to form a spatial-visualization ability composite score for each of the 

study participants. Four experimental groups were used in the present study: Low spatial 

ability males, High spatial, ability males, Low spatial ability females, and High spatial ability 

females. Subjects were identified and assigned to one of the four groups based on whether 

they scored in the top or bottom quartile by gender on their spatial-visualization ability 

composite scores. It is important to point out that the top and bottom quartiles were 
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constructed separately for males and females due preliminary analysis revealing a low 

representation of females in the high sp.atial ability group when a gender-mixed sample was 

used. This is discussed further in the following chapter of this paper. 

The high and low spatial ability male groups each consist of 165 males subjects. The 

High spatial ability male group consists of the males who scored in the top 25% of the males 

in original sample on their spatial composite score. Males in this group ranged in age from 

eleven to eighteen, with a mean age of 14.3 years old. The low spatial ability male group 

consists of the males who scored in the bottom 25% of the males in the original sample on 

their spatial composite score. The males in the low spatial ability group ranged in age from 

eleven to sixteen years old, with a mean age of 13.5. The low and high spatial ability female 

groups each consist of 114 subjects each. Females in the high spatial ability group (spatially 

gifted) represent the females scoring in the top quartile on their spatial ability composite. 

Spatially gifted females ranged in age from eleven to sixteen years old, with a mean age of 

14.2 years. Finally, the low spatial ability female group consisted of the fe~ales scoring in 

the bottom quartile on the spatial ability composite score. These females ranged in age from 

eleven to sixteen years old, with a mean age of 13.7 years old. No information was collected 

about the ethnicity of the subjects. 

The four experimental groups were compared on each of the dependent variables 

previously listed: mathematical ability, vocational interests and values, educational and 

vocational preferences, and involvement in a variety of extracurricular activities. In addition 

to comparing the four experimental groups, comparisons were made based on gender and 

level of spatial ability. One-way analysis of variance procedures were used to make group 
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comparisons for non-categorical data. Chi-squared analysis and logistic regression 

procedures were used in the analysis of categorical data. 
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CHAPTER 4. RESULTS 

Spatial Ability 

As discussed in the previous chapter, the four experimental groups (high spatial 

ability males, high spatial ability females, low spatial ability males, and low spatial ability 

females) were created by using the top and bottom quartiles on the spatial ability composite 

score within gender groups versus the top and bottom quartiles of the entire sample. The 

decision to use groups based on the quartiles within genders was made because of the low 

representation of females in the high spatial ability group when a gender-mixed sample was 

used. Out of the 280 individuals identified as spatially gifted based on their spatial 

composite scores, only 56 (20%) were females. This low number of females did not provide 

an adequate sample of high spatial ability females to conduct comparison of the abilities, 

interests, values, and preferences of the four experimental groups. 

Table 1 provides the mean spatial composite score and range for the High Spatial 

ability male, High Spatial ability female, Low Spatial ability male, and Low spatial ability 

female groups constructed using a gender-mixed sample and by using separate quartile cut-

off scores for males and females. Consistent with the research by Feingold (1995) on the 

importance of differences in central tendency and variability in comparisons between groups, 

males were over-represented in the high spatial ability group (selected from a mixed-gender 

population) and had a higher mean score and a larger range of scores of the spatial ability 

composite as compared to females in the high spatial ability group. 
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Table 1. Mean spatial composite scores for the groups using a gender-mixed sample and for 
experimental groups. 

Mean Spatial Composite Range of Scores 

Groups from Gender-Mixed Sample 

Low Spatial Males (n= 108) -1.01 (-2.34, -0.58) 

High Spatial Males (n= 224) 1.01 ( 0.59, 1.94) 

Low Spatial Females (n= 172) -1.13 (-2.24, -0.59) 

High Spatial Females (n= 56) 0.89 ( 0.60, 1.51) 

Experimental Group (quartiles by gender) 

Low Spatial Males (n= 165) -0.81 (-2.34, -0.31) · 

High Spatial Males (n= 165) 1.13 (0.78, 1.94) 

Low Spatial Females (n= 114) -1.33 (-2.24, -0.88) 

High Spatial Females (n= 114) 0.66 ( 0.29, 1.51) 

Mathematical Ability 

Analysis of variance procedures were used to investigate possible differences in 

mathematical ability between males and females and high versus low spatial ability 

individuals. The dependent variable, mathematical ability, was measured by participants' 

SAT-I Mathematics subtest scores. Mean SAT-M scores and standard deviations for each of 

the groups can be found in Table 2. Table 3 provides a summary of the analysis of variance 

results. A significant main effect for gender was found favoring males (F = 3.93, df = 1, p = 

0.05). The mean SAT-M score for males was 536.34 versus 499.86 for females. 
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Table 2. Mean SAT-Mathematical scores for the four experimental groups 

MeanSAT-M Standard Deviation 
Experimental Group 

Low Spatial Males (n= 48) 486.88 103.08 

High Spatial Males (n= 76) 567.58 112.47 

Low Spatial Females (n= 34) 447.65 105.89 

High Spatial Females (n= 40) 544.25 96.87 

Gender 

Males (n = 124) 536.94 115.46 

Females (n = 74) 499.86 111.50 

Spatial Group 

High Spatial Ability (n = 116) 559.53 107.50 

Low Spatial Ability (n = 82) 470.61 105.41 

A significant main effect was also found for spatial ability, favoring spatially gifted 

individuals (F = 31.59, df= 1, p < 0.01). On average, high spatial ability individuals scored 

approximately 90 points higher on the SAT-M subtest than peers in the low spatial ability 

group. The mean SAT-M score for the high spatial ability individuals was 559.53 compared 

to a mean SAT-M score of 470.61 for individuals in the low spatial ability group. 

While the gender by spatial ability interaction was not significant, differences in 

mathematical ability were found between the spatial ability groups within gender. These 

differences followed the predicted pattern, with spatial ability being an important predictor of 

mathematical ability (spatial ability and mathematical ability were correlated,·at r = .39). 

SAT-M scores for high spatial ability males (males in the top quartile of spatial composite 
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Table 3. Summary of the analysis of variance for SAT-M group comparisons and post hoc 
tests for hypothesized relationships. 

Analysis of Variance 
Sum of Squares df Mean Square F Significance 

Corrected Model 424773.97 3 141591.32 12.58 .00 

Intercept 47368899.10 1 473 68899 .10 4207.54 .00 

Spatial Ability 355618.42 355618.42 31.59 .00 

Gender 44267.33 44267.33 3.93 .05 

Spatial X Gender 2859.38 1 2859.38 0.25 .62 

Error 2184071.04 194 11258.10 

Total 56706936.00 198 

Corrected Total 2608845.01 197 

scores) were significantly higher than the SAT-M scores for the males in the low spatial 

ability group (t = 4.13, p = .00). With 95% confidence, we would expect the population 

mean for males in the high spatial ability group on the SAT-M to be between 30.45 and 

130.96 points higher than the population mean for males in the low spatial ability. A similar 

pattern was found between high spatial ability females and low spatial ability females. With 

95% confidence, females in the high spatial ability group would be expected to score 

between 33.02 to 160.19 points higher on the SAT-M than females in the low spatial ability 

group. As predicted, there was a tendency for high spatial ability males to score higher than 

high spatial ability females on the SAT-M, but this difference in scores was not statistically 

significant. Similarly, females in the high spatial ability group tended to score higher than 

males in the low spatial ability group, but this difference was not significant. 
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Vocational Interests and Values 

Occupational Interests 

The Strong Interest Inventory (Research Version of SCH, 1985) and the Study of 

Values (Allport, Vernon, & Lindzey, 1970) were used to measure the vocational interests and 

values of participants in the present study. It was hypothesized that there would be 

differences in both vocational interests and values based on level of spatial ability and 

gender. Table 4 provides a summary of the mean score of the experimental groups on the 

General Occupational Themes scales of the Strong Interest Inventory. In addition, the mean 

scores on the General Occupational Themes are also provided by gender and by spatial 

ability group (high versus low). An analysis of variance was done to compare the mean 

values by gender and level of spatial ability. Statistically significant differences in the mean 

scores of the experimental groups were found on all of the General Occupational Themes 

with the exception of the Conventional Scale. 

Table 5 summarized the analysis of variance and post hoc test results. For the 

Realistic scale, a significant main effect was found for spatial ability (F = 14.39, df = 1, p < 

.01). Individuals identified as having high spatial ability scored higher than individuals in the 

low spatial ability, regardless of gender (for males: t = 2.81, p = .03; for females: t = 2.61, p 

= .05). With 95% confidence, we would expect high spatial ability males to score 0.24 to 

5 .49 points higher than low spatial ability males on the Realistic scale and high spatial ability 

females to score up to 6.38 points higher than low spatial ability females on the Realistic 

scale. A significant main effect was also found for gender (F = 35.39, df = 1, p < .01), 

favoring.males. 



Table 4. Mean General Occupational Theme Scoresa and standard deviations of the four experimental groups. 

·------------- ----·-·-------- ---·· 

R I A s E C 
Experimental Group 

Low Spatial Males (n=134) 47.25 53.54 44.57 42.41 44. 47.41 
(9.16) (8.53) (10.39) (10.05) (9.52) (9.57) 

High Spatial Males (n=J43) 50.12 53.48 43.80 38.67 42.66 48.17 
(9.21) (7.98) (9.56) (9.30) (8.97) (10.01) 

Low Spatial Females (n=98) 42.32 50.91 54.50 50.87 47.80 48.14 
(7.18) (9.36) (8.95) (9.57) (10.06) (10.16) 

High Spatial Females (n=93) 45.53 55.17 55.35 49.04 44.72 46.60 
(7.67) (7.45) (8.80) (9.97) (8.78) (7.76) 

.j::,. 

Gender 0 

Males (n'~277) 48.73 53.51 44.17 40.38 43.74 47.81 
(9.28) (8.24) (9.96) (9.81) (9.29) (9.79) 

Females (n=l91) 43.88 52.98 54.92 49.98 46.30 47.39 
(7.58) (8.73) (8.86) (9.78) (9.56) (9.08) 

Spatial Group 

High Spatial Ability (n=236) 48.31 54.14 48.35 42.76 43.47 47.56 
(8.91) (7.80) (10.84) (10.81) (8.93) (9.20) 

Low Spatial Ability (n=232) 45.17 52.43 48.76 45.87 46.13 47.72 
(8.72) (8.97) (10.95) (10.72) (9.84) (9.81) 

a There are Six Cit.meral Occupational Themes on the Strong: Realistic (R), Investigative (I), Artistic (A), Social (S), Enterprising (E), and Conventional (C) 



Table 5. Analysis of Variance of Strong Interest Inventory group comparisons and post hoc tests for hypothesized relationships. 

Sum of Squares df Mean Square F Significance 
Realistic Scale 

Spatial Ability 1042.41 1 1042.41 14.39 .000 

Gender 2564.34 1 2564.34 35.39 .000 

Spatial X Gender 3.37 I 3.37 .05 .829 

Error· 33620.73 464 72.46 

Corrected Total 3734f25 467 

Investigative Scale 

Spatial Ability 498.63 I 1042_.41 7.16 .008 -l:s-

Gender 24.56 1 24.56 0.35 .008 

Spatial X Gender 528.39 1 528.39 7.59 .553 

Error 32318.40 464 69.65 

Corrected Total 33216.90 467 

Artistic Scale 

Spatial Ability 0.20 1 0.20 0.00 .962 

Gender 13041.75 1 13041.75 143.34 .000 

Spatial X Gender 74.55 1 74.55 0.82 .366 

Error 42217.81 464 90.99 

Corrected Total 55349.56 467 



Table 5. (continued) 
·---·---------· 

Sum of Squares df Mean Square F Significance 
Social Scale 

Spatial Ability 811.88 1 811.88 8.62 .003 

Gender 10226.45 1 10226.45 108.54 .000 

Spatial X Gender 82.89 1 82.89 0.88 .349 

E1Tor 43718.81 464 94.22 

Corrected Total 55154.12 467 

Enterprising Scale 

Spatial Ability 799.56 1 799.56 9.19 .003 

Gender 693.60 I 693.60 7.97 .005 .j::,. 
N 

Spatial X Gender 19.45 1 19.45 0.22 .637 

Error 40386.60 464 87.04 

Corrected Total 41924.63 467 

Conventional Scale 

Spatial Ability 17.02 1 17.02 0.19 .665 

Gender 19.94 1 19.94 0.22 .639 

Spatial X Gender 150.04 1 150.04 1.66 .198 

Error 41957.33 464 90.43 

Corrected Total 42130.25 467 



Table 5. (continued) 

Post Hoc Tests 
Mean difference Std. Error Sig. 95% Confidence Interval 

(lower bound, upper bound) 
Realistic 

Low versus High Males -2.87 1.02 .026 (-5.49, -0.24) 
Low versus High Females -3.21 1.23 .045 (-6.38, -4.48 E-02) 
High Males vs. Low Females 7.80 1.12 .000 (4.93, 10.67) 
High Males vs. High Females 4.59 1.13 .000 (1.68, 7.51) 
Low Males vs. Low Females 4.94 1.13 .000 (2.03, 7.84) 

Investigative 
Low versus High Females -4.26 1.21 .002 (-7.37, -1.16) 

Artistic .f>. 
l,) 

Low Males vs. Low Females -9.93 1.27 .000 (-13.19, -6.68) 
Low Males vs. High Females 10.79 1.29 .000 (-14.10, -7.48) 
Low Females vs. High Males 10.70 1.25 .000 (7.49, 13.92) 
High Females vs. High Males 11.56 1.27 .000 (8.29, 14.82) 

Social 
Low versus High Males 3.54 1.17 .013 (0.54, 6.54) 
Low Males vs. Low Females -8.66 1.29 .000 (-11.97, -5.34) 
Low Males vs. High Females -6.83 1.31 .000 (-10.20, -3.47) 
Low Females vs. High Males 12.20 1.27 .000 (8.934, 15.47) 
High Females vs High Males l 0.37 1.29 .000 (7.05, 13.69) 

Enterprising 
Low Females vs. High Males 5.14 1.22 .000 (2.00, 8.28) 
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For the Investigative scales, a significant main effect for spatial ability (F = 7 .16, df = 

1, p = .01) and a significant gender by spatial ability interaction were found (F = 7.59, df= 1, 

p = .01). The mean Investigative scale score for individuals in the high spatial ability group 

was 54.32 compared to a mean Investigative scale score of 52.22 for individuals in the low 

spatial ability group. While the mean Investigative scale score was the same for males in the 

high and low spatial ability groups, females in the low spatial ability group scored 

significantly lower than females identified as being spatial gifted (t = 3.52, p < .0001). 

On the Artistic scale, a significant main effect was found for gender (F = 143.34, df = 

1, p < . 01 ), with females having a higher mean on the Artistic scale of the Strong Interest 

inventory (54.92 versus 44.17) than males. No significant main effect was found for spatial 

ability. There were no statistically significant differences between the scores of females in 

the high versus low spatial ability group. Similar to the Artistic scales, a significant main 

effect for gender was found for the Social interest scale ofthe Strong (F = 108.54, df= 1, p < 

.01), with females scoring significantly higher than males on the social.scale (see table 5). A 

significant main effect for spatial ability was found on the Social scale (F = 8.62, df = 1, p = 

.01), with low spatial ability individuals having higher Social scale scores versus high spatial 

ability peers. Lastly, significant main effects for gender (F = 7.97, df = 1, p =.01) and spatial 

ability (F ·= 9 .19, df = 1, p = . 01) were found for the Enterprising scale of the Strong Interest 

Inventory. Low spatial ability individuals had a higher mean Enterprising scale score than 

high spatial ability individuals (46.13 versus 43.47). Females also scored higher (46.30) on 

the Enterprising scale of the Strong compared to males (43.74). 

It was hypothesized that males would have more narrowly defined vocational 

interests, while females would have more competing interests (Lubinski & Benbow, 1992). 
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This hypothesis was investigated using two methods. First, the standard deviation or amount 

of variation across the Strong Interest Inventory General Occupational Themes (GOT) for 

each subject was computed using the SPSS standard deviation function. Table 6 provides a 

list of the median standard deviations for the four experimental groups. The difference in the 

median standard deviations of the Strong General Occupational Themes subscales for the 

four experimental groups was not statistically significant, as determined by the Kruskal-

Wallis one-way ANOV A test. 

Table 6. Median standard deviations on the General Occupational Themes and the Kruskal-
Wallis results. 

Median Standard Deviation Number 

Entire Population 8.262 955 

Experimental Group 

Low Spatial Males 7.941 134 

High Spatial Males 8.359 143 

Low Spatial Females 7.867 98 

High Spatial Females 8.432 93 

Kruskal-Wallis Results 

Chi2 = 2.9558 df=3 Significance= .3985 
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The second method for investigating the differences in vocational interests and 

differentiation of the profile was examined by calculating the total difference between each 

of the six General Occupation Theme scores and the individual's mean GOT score. A mean 

GOT score was calculated for each subject by summing each of his/her GOT scores and 

dividing by six. This mean score was then subtracted from each of the individual's GOT 

scores, resulting in six difference scores. The absolute values of the difference scores were 

added to provide a measure of the amount of intraindividual variation/ differentiation in the 

profile. An analysis of variation revealed no significant differences in the amount of 

differentiation in the profiles of high and low spatial ability individuals and males and 

females, as found in the analysis using the standard deviation function. No support was 

found for the hypothesis that mal~s would have more narrowly defined vocational interests 

compared to females. A possible explanation may have to do with the age of the participants 

in the study. Adolescents in the study are at an age where they should still be exploring 

different occupational interests and opportunities. They have not begun to circumscribe their 

interests and career choices. 

Occupational Values 

The Study of Values (Allport, Vernon, & Lindzey, 1970) is designed to measure the 

relative prominence of 6 basic values or motives in personality: Theoretical, Economic, 

Aesthetic, Social, Political, and Religious. The test consists of statement made up of two 

contrasting/alternative value statements. Students are asked to indicate the strength of their 

preference for the alternative answers by weighting each alternative. Because of the ipsative 

nature of this measure, statistical analysis involved comparing the most prominent or top-

ranked values. 
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Chi-squared procedures were used to compare the percentage of subjects by gender, 

spatial ability, and gender by spatial ability who endorsed each value as their most prominent 

value. Statistically significant gender differences were found on the Theoretical, Economic, 

Aesthetic, and Social Values (X2 = 70.80, df= 5, p = .00). A greater proportion of males 

(39.6%, n = 97) had Theoretical as their top value, compared to 17.7% (n = 33) females. In 

contrast, a greater proportion of females (32.3%, n = 60) endorsed the Aesthetic value as 

their top value, compare to 9.0% (n = 22) of males. As seen in Table 7, females were more 

equally distributed in their endorsement of Theoretical (17.7%), Social (15.6%), Political 

(16.1 %), and Religious (14.0%) values versus males who were more variable ranging from 

4.9% for social to 39.6% for Theoretical. 

Table7 provides a summary of the proportions of individuals by gender, level of 

spatial ability, and experimental group for top-ranked values. There was significant 

differences in the proportion of high spatial ability versus low spatial ability subjects for 

endorsement of each of the SOV values as their top-ranked value (X2 = 20.07, df = 5, p < 

.0001). Similar to the results for males, individuals in the high spatial ability group tended to 

endorse Theoretical as their top-ranked value (32.9%), compared to the other values and 

compared to individuals in the low spatial ability group (27.0%). For low spatial ability 

subjects, an equal proportion (27%, n = 54) of individuals had Theoretical or Political as their 

most prominent value. In comparison to high spatial ability individuals, a greater proportion 

of low spatial ability individuals had Political as their top-ranked value (27.0% versus 

11.3%), while a greater proportion of individuals in the high spatial ability group (12.6%) 

versus individuals in the low spatial ability group (6.5%), endorsed Economic as their most 

prominent value. 



Table 7. Percentage of subjects who had one of the Study of Value Themes as their lop-ranked value by gender and spatial ability 
groups. 

Aesthestic Economic Political Religious Social Theoretical 
Gender 

Males 9.0 (n-=22) 13.9 (n=34) 20.4 (11=50) 12.2 (n=30) 4.9 (n=l2) 39.6 (n=97) 

Females 32.3 (11"60) 4.3 (n=8) 16. l (n-J0) 14.4 (n=26) 15 .6 (n=29) 17.7 (n=33) 

Spatial Group 

I ligh 19.9 (tF46) 12.6 (n=29) I 1.3 (11'~26) 13. 9 (n°0 J2) 9.5 (w=22) 32.9 (n=76) 

Low 18.0 (11'"36) ~.5 (n=l3). 27.0 (n=0 54) 12.0 (n=24) 9.5 (n~t9) 27.0 (n=54) 

Experimental Group 

Low Males 9.7 (n=l I) 8.0 (n~9) 28.3 (n=32) 1 1.5 (n=l 3) 7.] (n=S) 35.4 (n=40) 

High Males 8.3 (n=ll) 18.9 (n=25) 13.6 (n=l8) 12.9 (n=l7) 3.0 (n=4) 43.2 (n=S7) 

Low Females 28.7 (11=25) 4.6 (n=4) 25.3 (n=22) 12.6 (n=l I) 12.6 (n=l I) I 6.1 (n=l4) 

High Females 35.4 (n=JS) 4.0 (n=4) 8.1 (11=8) 15.2 (n=IS) 18.2 (n=18) 19.2 (n=l9) 

.j::.. 
00 



49 

Educational and Vocational Preferences 

Educational Preferences 

The educational preferences of the four groups were assessed using open-ended 

questions about their educational experiences and preferences: (1) What do you like most 

about your school experience?, (2) What do you like least about your school experience?, and 

(3) What school experience has affected your educational/career plans the most? Responses 

to the most liked and least liked school experiences were coded into seven general themes: 

available courses, intellectual level of courses, size or student-teacher ratio of educational 

setting, teachers, athletics, social, and other. Lastly, students were asked to list in order of 

preference their three favorite courses in school. 

No significant differences were found between the four groups in students' reports of 

their most liked school experience. The social aspects of school and available courses were 

the most highly endorsed by all four experimental groups. Chi-squared analysis of the 

responses of the four experimental groups to the question regarding what students liked least 

about their school experience revealed marginally significant (X2 = 31.294, df= 21, p = .07) 

differences in responses. Table 8 provides a summary of the responses of the four 

experimental groups for both least liked school experience and the school experience that has 

most affected their educational/career plans. There was a tendency for females to endorse 

social aspects of school as their le~st liked part of their school experience compared to males. 

Available course, the intellectual level of the courses, and teachers were among the most 

common responses. 
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Table 8. Percentage (and number) of student responses to questions regarding school 
experiences. 

What do you like least about school? 

Low Males High Males Low Females High Females 

Available Courses 12.8 (n = 19) 20.1 (n = 30) 18.6 (n = 18) 15.6(n = 17) 

Intellectual Level 32.2 (48) 18."8 (28) 22.7 (22) 20.2 (22) 

Class Size/Ratio 2.7 (4) 1.3 (2) 2.1 (2) 0 

Teachers 11.4(17) 16.8 (25) 13.4 (13) 18.3 (20) 

Athletics 0 1.3 (2) ·o 0.9 (1) 

Social Life 9.4 (14) · 8.7 (13) 17.5 (17) 18.3 (20) 

Principal 2.0 (3) 0.7 (1) 0 0 

Other 29.5 (44) 32.2 (48) 25.8 (25) 26.6 (29) 

What school experience has affected your educational/career plans the most? 

Low Males High Males Low Females High Females 

Available Courses 59.8 (n = 70) 56.6 (n = 73) 45.1 (45) 52.1 (n = 50) 

Intellectual Level 0.9 (1) 5.4 (7) 2.2 (2) 0 

Class Size/Ratio 0 0 0 0 

Teachers 9.4 (11) 5.4 (7) 14.3 (13) 9.4 (9) 

Athletics 0 1.6 (2) 0 0 

Social Life 0.9 (1) 0 2.2 (2) 2.1 (2) 

Principal 0.9 (18) 0 0 0 

Other 28.2 (33) 31.0 (40) 36.3 (33) 36.5 (35) 
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Responses to the question about what school experience has affected the educational 

and career plans of these students the most were coded into the following seven themes: 

available course, intellectual level of courses, teachers, athletics, social aspects of school, 

principal, and other. Chi-squared analysis revealed only marginally significant differences in 

the respon~es of the four experimental groups to this question (X2 = 27.75, df = 18, p = .07). 

Table 8 provides a summary of the responses of the four experimental groups. 

Academic Course Preferences 

While no significant differences were found in participants' math and science course 

enrollment, significant gender differences were found between males and females for most 

preferred course (X2 = 73.99, df = 13, p < .0001). Figure 1 provides a graph of the proportion 

of individuals by gender who endorsed a given course as their most preferred course. A 

greater proportion of males (39.9%,_n = 127) versus females (24.4%, n = 55) chose 

mathematics as their favorite course. Courses in the physical sciences were second to 

courses in mathematics for males, with 26.4% (n = 86) of males versus 14.7% (n = 33) of 

females choosing physical science courses as their most preferred course. A greater 

proportion of females versus males selected courses in English (18.2% versus 5.5%) and 

Art/Music (17.3% versus 6.4%) as their most preferred course. While the number of 

individuals choosing a computer science course were low, males (particularly those identified 

as spatially gifted) were more likely to choose a computer science course as their most 

preferred course. 

While not as prominent as the gender differences in preferred courses, there were 

significant differences between the course preferences of spatially gifted individuals and 

individuals in the low spatial ability group (X2 = 26.77, df = 13, p = .01). Figure 2 provides a 
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Figure l. The percent of males versus females selecting a course as their most preferred. 

graph of the proportion of individuals by spatial ability group who selected courses as their 

most liked or preferred. For both groups. courses in mathematics were the most likely to be 

selected as the most preferred course. A greater proportion of individuals in the low spatial 

ability group versus high spatial ability individuals selected a course in English (1 4.5% 

versus 6.9%, respectively) and History (9. 1 % versus 4.0%). For the spatially gifted, courses 

in Art/Music had the second highest proportion of students preferencing them ( 13 .8%, n = 

Occupational Preferences 

A great deal of studies have reported differences in the career choices of males and 

females, with females being less likely to preference or pursue educational studies and 

careers in the physical sciences and math (Callahan & Reis, 1996; Reis. Callahan. & 

Goldsmith. 1996). With this in mind, subjects in the current study were asked to list the three 
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occupations they were "most interested in as possible careers." Occupational preferences 

were coded using an occupational classification system developed by Stevens and Hoisington 

(1987). Occupations were further grouped into 16 occupational groups: Management ( e.g. 

business and administrative careers), Engineering, Math/Computer Science, Science 

(includes natural. physical, and medical scientists), Doctors (includes veterinarians), Health 
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Figure 2. The percent of high versus low spatial ability individuals selecting a course as 
their most preferred. 

(non-doctoral medical workers), Professors (post-secondary educators), Teachers (Pre-

kindergarten through twelfth grade), Social Sciences (e.g. counselors, social workers). Law 

( e.g. lawyers. judges), Entertainment ( e.g. writers, artists. athletes, entertainers), Technicians 

(non-medical jobs). Sales. Office work (e.g. secretaries, administrative suppo11), 

Homemakers, and Students. 
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Significant differences in the occupational preferences of males versus females were 

found (X2 = 69.4, df = 12, p < .01). Figure 3 is a graph of the percent of males versus 

females who preferenced a career in one of the 13 occupational groups. Consistent with the 

literature, males versus females were more likely to preference careers in math/computer 

science (17.2% vs. 3.8%) and engineering (26.7% vs. 8.2%). In contrast, females were more 

likely to endorse careers in medicine, which was the top career choice for females (24.5%), 

and the entertainment industry (15.8%). Females versus males were also more likely to 

preference career in education (6.5% vs. 0.4%), law (9.8% vs.3.9%), and the social sciences 

(6.0% vs, 1.7%). 
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Figure 3. Percent of males versus females for most preferred occupation 

Significant differences in occupational preferences were also found between 

individuals identified as spatially gifted and individuals in the low spatial ability group (X2 = 

36.87, df= 12, p <.01). Figure 4 provides a graph of the percent of subjects in each of the 

spatial ability groups who preferenced careers in the 13 occupational groups. Most striking 
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were the differences in engineering, math/computer science, and medical career. 23.9% of 

high spatial ability subjects-,- compared to 13 .5% of low spatial ability subjects chose a career 

in engineering as their top choice of a possible occupation. Similarly, more individuals 

identified as spatially gifted preferenced careers in math and computer science (15 .9%) as 

their first choice versus individuals in the low spatial ability group (7.0%). Significant 

differences were not found between the high and low spatial ability groups for science 

careers, with 16.7% oflow spatial ability individual versus 19.4% of high spatial ability 

individual selecting a possible career in the natural, physical, or medical sciences. In 

contrast, individuals in the low spatial ability group were more likely to choose a career as a 

doctor as their top career choice versus individuals in the high spatial ability group (27.0% 

vs. B.4%, respectively). They were also slightly more likely to choose occupations in the 

entertainment industry (14.4% vs. 9.0%). 

Extracurricular Activities 

A number of different variables were used to assess the extracurricular activities of 

spatially gifted females and males. Students were asked directly about their extracurricular 

activities, reading preferences, television/computer/videogame use, and participation in 

activities involving "tinkering." Students were asked to list the three extracurricular 

activities they had been most involved in since fourth grade. Student responses were coded 

into the following themes: arts, athletics, clubs/organizations/research, 

contests/competitions/clinics, gifted programs, religious activities, community services, and 

other. Statistically significant differences in the extracurricular activities of males and 

females were revealed using Chi-squared analysis (X2 = 48.92, df = 7, p < .0001). Figure 5 

provides a summary of the percentage of males and females who reported their involvement 
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Figure 5. Percent of males versus females reporting involvement in extra-
curricular activities. 

in a variety of extracurricular activities. For both males and females, extracurricular 

activities involving arts and athletics were the most highly endorsed. A greater proportion of 

females (60.5%, n = 133) reported involvement in art-related extracurricular activities versus 

males (3 5 .1 %. n = 107). Athletics were the most highly endorsed extracurricular activity for 

males, with 39.3% of males versus 24.1 % of females who reported involvement in athletic 

activities. No statistical differences were found in the extracurricular activities of low versus 

high spatial ability students. 

Table 9 provides a summary of the percentage of individuals in each of the 

extracurricular activities by experimental groups. There were statistically significant 

differences in the extracurricular activities of the four experimental groups (X2 = 60.41. df = 

21. p < .0001). A greater proportion of males and females in the high spatial ability groups 

reported involvement in art-related activities compared to males and females in the low 
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Table 9. Percentage (and number) of students involved in extracurricular activities. 

Extracurricular Activities 

Low Males High Males Low Females High Females 
Arts 34.4 (n = 52) 35.7 (n = 55) 54.5 (n = 60) 66.4 (n = 73) 

Athletics 43.7 (66) 35.1 (54) 29.1 (32) 19.1 (22) 

Clubs/Research 7.9 (12) 9.7 (15) 4.5 (5) 6.4 (7) 

Community Service 0 0 0.9 (1) 0 

Contests/Clinics 4.6 (7) 5.8 (9) 3.6 (4) 2.7 (3) 

Gifted Programs 5.3 (8) 5.8 (9) 1.8 (2) 0.9 (1) 

Religious 0 0.6 (1) 2.7 (3) 3.6 (4) 

Other 4.0 (6) 7.1 (11) 2.7 (3) 0.9 (1) 

spatial ability groups. Art-related activities were the most highly endorsed extracurricular 

activities for spatially gifted groups, with 54.5% of high spatial ability males and 66.4% of 

high spatial ability males reporting involvement. In contrast, athletic activities were more 

highly endorsed by both the low spatial ability males (43.7%) and low spatial ability females 

(35.1 %). 

Reading Preferences 

Students were also asked how many books or magazines they had read in each of the 

following groups/genres in the past 12 months: Western/Adventure/Mystery books, Science 

Fiction book, Science-non-fiction, Literature/Classics, Historical/Autobiographical books, 

Religious books, Comic books, and Romance novels. Required readings for school were not 

included in these counts. An analysis of variance (Table 10) revealed significant differences 



Table 10. Analysis of Variance for number of books read per year by males versus females by genre. 

Sum of Squares df Mean Square F Significance 
Western/ Adventure/Mystery 

Between Groups 8994.42 1 8994.42 23.41 .000 

Within Groups 205558.21 535 384.22 

Total 214552.63 536 

Science Fiction 

Between Groups 941.92 3 941.92 2.87 .091 

Within Groups 173045.21 527 328.36 

Total 173987.13 528 Vi 

'° 
Science - Non Fiction 

Between Groups 679.15 1 679.15 6.68 .010 

Within Groups 53316.52 524 101.75 

Total 53995.67 525 

Literature/Classics 

Between Groups 4143.81 1 4143.81 34.21 .000 

Within Groups 63594.35 525 121.13 

Total 67738.16 526 



Table 10. ( continued) 

Sum of Sc1uares df Mean Square F Significance 
Political/Biographies 

Between Groups 987.95 1 987.95 4.64 .032 

Within Groups 110298.45 518 212.93 

Total 111286.30 519 

Religious 

Between (Jroups 294.64 1 294.64 8.01 .005 

Within Groups 19014.87 517 36.78 
0\ 

Total 19309.51 518 0 

Comic Books 

Between Groups 8479.06 1 8479.06 26.17 .000 

Within Groups 169100.17 522 323.95 

Total 177579.23 523 

Romance Novels 

Between Groups 6278.31 1 6278.31 49.87 .000 

Within Groups 63830.67 507 90.43 

Total 70108.98 508 

··------··-----·-···---
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in the numbers of books read by males versus females in seven of the eight genres. Females, 

in comparison to males, read significantly more western/adventure/mystery books (16.72 vs 

8.40, p < .0001), literature/classics (9.20 versus 3.51, p < .0001), historical/autobiographical 

books (8.46 vs. 5.65, p = .03), religious books (2.87 vs. 1.34, p = .01) and romance novels 

((7.75 vs. 0.63, p<. 0001). In contrast, males read more comic books (10.18 vs. 1.98, p < 

.0001) and science/non-fiction books (5.50 vs. 3.19, p = .01) per year than females. While 

not statistically significant, there was a tendency for males to read more science fiction books 

per year compared to females. 

Table 11 provides the analysis of_variance results for the number of books read per 

year by spatial ability group. Significant differences were found in the number of 

western/adventure/mystery novels and literary books read by individuals in the high versus 

low spatial ability groups. Individuals in the low spatial ability group read significantly more 

western/adventure/mystery books (14.41 vs. 9.22) and literary classics (6.99 vs 4.72) 

compared to individuals identified as being spatially gifted. While not statistically 

significant, there was a tendency for low spatial ability individuals to read more romance 

novels than high spatial ability individuals (4.59 versus 2.71, p = .057). The high spatial 

ability group were also more likely to read more science fiction versus their peers in the low 

spatial ability group (12.57 vs. 9.85), but this difference was not statistically significant. 

In examining the number of books read per year by the students in the four 

experimental groups, an analysis of variance (Table 12) revealed significant differences in 

the number of books read in the following genres: western/adventure/mystery, 

classics/literature, religious, comic books, and romance. Post hoc tests (using Tukey HSD) 

were used for multiple comparisons and are also included in Table 12. For 



Table 11. Analysis of Variance for number of books read per year by high versus low spatial ability subjects by geme. 

Sum of Squares df Mean Square F Significance 
Western/Adventure/Mystery 

Between Groups 3617.72 1 3617.72 9.18 .003 

Within Groups 210934.91 535 394.27 

Total 214552.63 536 

Science Fiction 

Between Groups 975.09 1 975.09 2.97 .085 

Within Groups 173012.03 527 328.30 

Total 173987.13 528 0\ 
N 

Science - Non Fiction 

Between Groups 15.02 1 15.02 .15 .703 

Within Groups 53980.65 524 103.02 

Total 53995.67 525 

LiteratureLClassics - I 
I 

Between Groups 664.71 1 664.71 5.20 .023 

Within Groups 67073.45 525 127.76 

Total 67738.16 526 



Table 11. (continued) 

Sum of Squares df Mean Square F Significance 
Political/Biognmhies 

Between Groups 151.21 1 151.21 0.71 .402 

Within Groups 111135.18 518 214.55 

Total 111286.39 519 

Religious 

Between Groups 66.73 1 66.73 1.79 .181 

Within Groups 19242.78 517 37.22 

Total 19309.51 518 O'I 
I;~ 

Comic Books 

Between Groups 155.24 1 155.24 0.46 .499 

Within Groups 177423.99 522 323.95 

Total 177579.23 523 

Romance Novels 

Between Groups 500.58 1 500.58 3.65 .057 

Within Groups 69608.40 507 137.30 

Total 70108.98 508 
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western/adventure/mystery books, low spatial ability females read the most books on average 

per year compared to high spatial ability females (t = 2.65, p = .04), compared to low spatial 

ability males (t = 4.07, p <.0001), and compared to high spatial ability males (t = 71, p < 

.0001). With 95% confidence, females in the high spatial ability group would be expected to 

read .60 to 12.99 more western/adventure/mystery books than males in the high spatial 

ability group. 

A similar pattern emerged for the low spatial ability females compare to the other 

three groups on literature books and romance novels. Low spatial ability females read more 

books from the literature genre than low spatial ability males (t = 4.85, p <.01) and high 

spatial ability males (t = 5.95, p < .01). While there was a tendency for females in the low 

spatial ability group to read more literature books than spatially gifted females, this 

difference was not statistically different. For romance novels, low spatial ability females 

read significantly more books per year than low spatial ability males (t = 6.03, p < .01) and 

high spatial ability males (t = 6.54, p < .01 ). There was a tendency for low spatial ability 

females to read more romance novels per year than females in the high spatial ability group, 

but this difference was not statistically significant. 

Consistent with the findings for differences in number of comic books read by gender 

and spatial ability considered separately, both high and low spatial ability males read more 

comic books than both females groups. With 95% confidence, the males in the high ~patial 

ability group would be expected to read 1.41 to 13 .25 more comic books per year than high 

spatial ability females. Similarly, high spatial ability males read more comic books per year 

than low spatial ability females (t = 3.99, p <.01) and high spatial ability females (t = 4.03, p 

<.01). 



Table 12. Analysis of Variance and post hoc test results for number of books read per year by the experimental groups 

Sum of Squares df Mean Square F Significance 
Western/ Adventure/Mystery 

Between Groups 12994.43 3 4298.14 11.36 .000 

Within Groups 201658.20 533 378.35 

Total 214552.63 536 

Science Fiction 

Between Groups 1951.75 3 650.58 1.99 .115 

Within Groups .172035.38 525 327.67 

Total 173987.13 528 0\ 
V, 

Science -Non Fiction 

Between Groups 743.47 3 247.83 2.43 ·.065 

Within Groups 53252.20 522 102.02 

Total 53995.67 525 

Literature/Classics 

Between Groups 4967.19 3 1655.73 13.80 .000 

. Within Groups 62770.97 523 120.02 

Total 67738.16 526 



Table 12. ( continued) 

Sum of Squares df Mean Square F Significance 
Political/Biog[ru!hies 

Between Groups 1224.91 3 408.30 1.91 .126 

Within Groups 110061.49 516 213.30 

Total 111286.40 519 

Between Groups 362.41 3 120.80 3.28 .021 

Within Groups 18947.10 515 36.79 

Total 19309.51 518 O'\ 
O'\ 

Comic Books 

Between Groups 8725.00 3 2908.33 8.96 .000 

Within Groups 168854.23 520 324.72 

Total 177579.23 523 

Romance Novels 

Between Groups 6998.17 3 2332.72 18.67 .000 

Within Groups 63110.81 505 124.97 

Total 70108.98 508 



Table 12. (continued) 

Post Hoc Tests 
Mean difference Std. Error Sig. 95% Confidence Interval 

(lower bound, upper bound) 
Western/Adventure/Mystery 

Low Males vs. Low Females -9.84 2.415 .000 (-16.04, -3.63) 
High Males vs. Low Females -13.77 2.412 .000 (-19.97, -7.57) 
Low vs. High Females 6.97 2.623 .039 ( 0.23, 13.71) 
High Females vs. High Males 6.80 2.412 .025 ( 0.60, 12.99) 

Science Fiction 
High Males vs. Low Females 5.32 2.263 .087 ( -0.50, 11.13) 

Literature/Classics 
Low Females vs. Low Males 6.67 1.375 .000 ( 3.14, 10.20) 
Low Females vs. High Males 8.22 1.381 .000 ( 4.67, 11.77) 0\ 

---..l 

High Females vs. High Males 4.80 1.366 .003 ( 1.29, 8.31) 

Religious 
Low Males vs. High Males -2.26 .764 .016 ( -4.23, -.30) 

Comic Books 
Low Males vs. Low Females 7.24 2.271 .008 ( 1.41, 13.08) 
Low Males vs. High Females 7.39 2.284 .007 ( 1.52, 13.25) 
High Males vs. Low Females 9.01 -2.260 .000 ( 3.20, 14.81) 
High Males vs. High Females 9.15 2.273 .000 ( 3.31, 14.99) 

Romance Novels 
Low Females vs. Low Males 8.50 1.409 .000 ( 4.88, 12.12) 
Low Females vs. High Males 9.24 1.413 .000 ( 5.61, 12.87) 
High Females vs. Low Males 4.92 1.428 .003 ( 1.25, 8.59) 
High Females vs. High Males 5.66 1.432 .000 ( 1.98, 9.34) 
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Computer and Television Use 

Students were also asked how many hours they spent per week computer 

programming, playing video games and watching television. Television watching was 

further divided into the following types of programs: cartoons, documentaries/educational 

programs, movies, news, and sitcoms. In general, females reported spending less time per 

week watching television, playing video games, or computer programming. An analysis of 

variance (Table 13) revealed significant gender differences in the number of hours per week 

spent programming, playing video games, and watching cartoons and educational programs 

on television. Males on average spent significantly more hours per week than females 

computer programming (5.41 vs. 1.94, p < .01) and playing video games (2.37 vs .. 37, p < 

.01). Males also reported watching significantly more hours of cartoons (2.03 vs. 1.11, p < 

.01) and educational programs (w.94 vs. 1.24, p < .01) on television than females. No 

significant differences were found between individuals identified as being spatially gifted 

and individuals in the low spatial ability group from time spent per week programming, 

playing games, or watching television. There was a tendency for individuals in low spatial 

ability group to watch more hours of educational programs (1.85 hours/week) versus 

individuals in the high spatial ability group (1.59 hours/week), but this difference was not 

statistically significant. 

Table 14 provides the results from the analysis of variance for hours spent watching 

television and computer programming for the four experimental groups, along with the 

Tukey post hoc comparisons. Similar to the results for gender differences, the four 

experimental groups differed in the hours per week spent computer programming , playing 

video games, and watching cartoons and educational programs. With 95% confidence, males 



Table 13. Analysis of variance for number of hours per week of television or computer use by males versus females. 

Sum of Squares df Mean Square F Significance 
Computer Programming 

Between Groups 1527.62 1 1527.62 50.58 .000 

Within Groups 15765.36 522 30.20 

Total 17292.98 523 

Cartoons 

Between Groups 107.96 1 107.96 14.50 .000 

Within Groups 3962.33 532 7.45 

Total 4070.29 533 O'I 

"' 
Educational/Documentaries 

Between Groups 59.58 1 59.58 11.69 .001 

Within Groups 2695.40 529 5.10 

Total 2754.98 530 

Movies 

Between Groups 20.46 1 20.46 1.85 .174 

Within Groups 5937.92 537 11.06 

Total 5958.38 538 



Table 13. ( continued) 

---------~----· ---- ·-----·-··--· - -------- --·--------· -··--·----·------------

Sum of Squares df Mean Square F . Significance 
Nc,vs 

Between Groups 9.16 1 9.16 1.49 .223 

Within Groups 3335.31 543 6.14 

Total 3344.47 544 

Sitcoms 

Between Groups 0.52 1 0.52 0.03 .864 

Within Groups 9551.13 543 17.59 

Total 9551.65 544 ---:i 
0 

Video Game§. 

Between Groups 499.46 1 499.46 49.08 .000 

Within Groups 5312.18 522 10.18 

Total 5811.64 523 



Table 14. Analysis of variance and post hoc test results for hours per week of television or computer us by experimental groups. 

Sum of Squares df Mean Square F Significance 
Computer Programming 

Between Groups 1631.23 3 543.74 18.05 .000 

Within Groups 15661.75 520 30.12 

Total 17292.98' . 523 

Cartoons 

Between Groups 124.56 3 41.52 5.58 .001 

Within Groups 3945.73 530 7.45 

Total 4070.29 533 --..J ,_. 

Educational/Documentaries 

Between Groups 88.40 3 29.47 5.82 .001 

Within Groups 2666.58 527 5.06 

Total 2754.98 530 

Movies 

Between Groups 27.10 3 9.03 0.82 .486 

Within Groups 5931.28 535 11.09 

Total 5958.38 538 



Table 14. (continued) 

Sum of Squares df Mean Square F Significance 
News 

Between Groups 16.03 3 5.34 0.87 .457 

Within Groups 3328.43 541 6.15 

Total 3344.46 544 

Sitcoms 

Between Groups 31.11 3 10.37 0.59 .622 

Within Groups 9520.53 541 .17.60 

Total 9551.64 544 --:i 
N 

Video Games 

Between Groups 511.68 3 170.56 16.73 .000 

Within Groups 5299.95 520 10.19 

Total 5811.63 523 



Table 14. (continued) 

------ ----·------~·-----·----

Post Hoc Tests 
Mean difference Std. Error Sig. 95% Confi<lcnce Interval 

(lower bound, upper bound) 
Com12uter Programming 

Low Males vs. Low Females 2.58 0.690 .001 .( 0.81, 4.36) 
Low Males vs. High Females 3.47 0.690 .000 ( 1.70, 5.24) 
High Males vs. Low Females 3.47 0.690 .000 ( 1.70, 5.25) 
I Iigh Males vs. I Iigh Females 4.36 0.690 .000 ( 2.59, 6.13) 

Cartoons 
Low Males vs. Low Females 1.25 0.342 .001 ( 0.37, 2.13) 
Low Males vs. High Females 0.99 0.338 .019 ( 0.12, 1.85) 
High Males vs. Low Females 5.32 2.263 .087 ( 2.59, 6.13) -.i w 

Educational/Documentaries 
Low Males vs. Low Females 0.96 0.283 .004 ( 0.23, 1.68) 
Low Males vs. High Females 1.02 0.280 .002 ( 0.30, 1.74) 

Video Garnes 
Low Males vs. Low Females 2.24 0.403 .000 ( 1.21, 3.28) 
Low Males vs. High Females 2.13 0.404 .000 ( 1.10, 3.17) 
High Males vs. Low Females 1.86 0.403 .000 ( 0.82, 2.90) 
High Males vs. High Females 1.75 0.404 .000 ( 0.71, 2.79) 

---------· --
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in the low spatial ability group would be expected to spend .81 to 4.36 hours per week more 

than low spatial ability females and 1. 70 to 5 .24 hours per week more thcµi high spatial 

ability females on computer-related activities. 

Involvement in "Tinkering" Activities 

Finally, "tinkering" with equipment, mechanical gadgets, or construction games has 

been hypothesized to be an activity in which individuals with strong spatial abilities and 

interests in engineering excel at and enjoy. In looking at the field of engineering and the 

employment patterns of female engineers, Robinson and Mcllwee (1989) suggested that 

females tend to choose careers in electrical engineering over those in mechanical engineering 

because they associate mechanical engineering with "tinkering." Subjects were asked to rate 

the extent to which they were (as a young child) and are currently involved in "tinkering" 

activities. Subjects rated involvement with tinkering on a 5-point scale (1 being not involved 

to 5 being very involved). Comparisons by gender, level of spatial ability, and experimental 

group were made for subjects' rating of "tinkering" involvement currently and as a young 

child .. Table 15 provides a summary of the percentage of individuals by gender and spatial 

ability who rated themselves on each level of tinkering involvement. 

Analysis using Chi-squared procedures revealed statistically significant differences in 

current and childhood tinkering involvement for males versus females and high versus low 

spatial ability levels. 36.1 % of males versus 8.9% of females reported high involvement in 

tinkering as a child (X2 = 64.41, df= 4, p < .01). 28.3% of males versus 5.9% of females 

reported high involvement in current tinkering activities ( X2 = 90.19, df= 4, p < .01). 

Similarly, 30.1 % of individuals identified as being spatially gifted versus 20.3% individuals 



75 

Table 15. Involvement in tinkering activities as a child and currently by gender and spatial 
ability groups (percentage and number of people in each group). 

Tinkering As A Child 
Males Females . Low Spatial High Spatial 

Level of Involvement 

1 - Not Involved 4.4% (n=l4) 12.6% (n=27) 10.2% (n=27) 5.2% (n=l4) 

2 13.1 (42) 26.6 (57) 19.2 (51) 17.8 (48) 

3 19.3 (62) 25.7 (55) 25.6 (68) 18.2(49) 

4 27.1 (87) 26.2 (56) 24.8 (66) 28.6 (77) 

5 - Very Involved 36.1 (116) 8.9 (19) 20.3 (54) 30.1 (81) 

Current Tinkering 
Males Females Low Spatial High Spatial 

Level of Involvement 

1 - Not Involved 5.6% (n=l8) 15.9% (n=35) 13.4%(n=36) 6.2% (n=l7) 

2 9.9 (32) 32.7 (72) 19.0 (51) 19.4 (53) 

3 23.0 (74) 24.1 (53) 22.7 (61) 24.2 (66) 

4 33.2 (107) 21.4(47) 29.4 (79) 27.5 (75) 

5 - Very Involved 28.3 (91) 5.9 (13) 15.6 (42) 22.7 (62) 

in the low spatial ability group reported high involvement in tinkering as a young child (X2 = 

13.53, df = 4, p < .01). 22.7% of individuals in the high spatial ability group versus 15.6% 

individuals in the low spatial ability group r~ted themselves as being highly involved in 

tinkering activities currently (X2 = 10.97, df= 4, p = .03) 



76 

CHAPTER 5. DISCUSSION 

In keeping with the primary purpose of this paper, this discussion focuses on the 

differences that were found between individuals who were identified as being spatially gifted 

and their academically gifted peers who fell in the bottom quartile on a composite measure of 

spatial ability. Particular attention is given to profiling the unique abilities, interests, values, 

and preferences of spatially gifted females in the study because of the extensive literature 

discussing the lack of females in the math and the sciences (Meade, 1991; Ware, Steckler, & 

Leserman, 1985; Robinson & Mcilwee, 1989, McLure & Piel, 1978). 

Before discussing the results from the comparisons made between the four 

experimental groups in this study, it is important to discuss preliminary analysis using 

spatially gifted individuals who were identified as being in the top quartile of the gender-

mixed sample on the spatial composite measure. The results from this preliminary analysis 

point to the important role that talent plays in success in engineering and the sciences, a role 

that has been ignored in the literature on the under-representation of females in these 

occupations. 

While females have made substantial progress in their representation in careers in 

law, medicine, and business, the same progress has not been made in the fields of 

engineering and physical sciences. A great deal of research has focused on trying to identify 

barriers to women's representation in these career fields. Self-efficacy, mentors/role models, 

and sex-role stereotyping have all been implicated and studied in great depth. Unfortunately, 

this literature fails to consider how differences in mathematical and spatial-mechanical 

reasoning abilities may serve as the main barrier to women in science and engineering. As 
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seen in this study, women are under-represented m the high spatial ability group when 

selecting from a gender-mixed sample and using the conservative cut-off score of the top-

quartile. Only twenty percent of the individuals identified as spatially gifted were females. 

This number would most likely be significantly lower if a more stringent, but more accurate, 

cut-off score had been used. The under-representation of females in this group provides. 

strong evidence for the argument that spatial ability or talent may be the best explanation for 

the under-representation of women in science and engineering. 

In addition to mathematical and spatial abilities, high or intense realistic interests 

have also been identified as an important attribute for success or excellence in engineering 

and physical science careers. Analysis looking at the number or proportion of females who 

would be in both the top-quartile for the spatial composite and the Realistic scale (score of 

54) of the Strong revealed more conclusive evidence for the role of ability and vocational 

interests in the under-representation of females. Only 10.7% (n = 6) of females identified as 

spatially gifted from the gender-mixed sample versus 33.5% (n = 75) of males were in both 

the top-quartile on the spatial ability composite and the top-quartile for Realistic interest 

scores. This pattern was mirrored in the analysis using experimental groups selected within 

gender groups. Only 14.0% of females scored higher than 55 on the Realistic scales versus 

22.4% oflow spatial ability males.and 35% of high spatial ability males. This low 

proportion of women who possess the relative attributes for success in science and 

engineering provide clear evidence for an explanation of female under-representation based 

on abilities and vocational interests, which has been long-ignored in the literature. 
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Mathematical Ability 

In first looking at the mathematical abilities of the subjects in the present study, it is 

clear that spatial ability contributes to mathematical abilities, as supported by the literature on 

the relationship between math and spatial ability (Lubinski & Humphreys, 1990; Gallagher, 

1987; Casey, Nuttall, Pezaris, & Benbow, 1995; Friedman, 1995). As predicted, individuals 

who had been identified as being spatially gifted scored significantly higher on the SAT-M, 

with their mean score being almost 90 points higher than individuals in the low spatial ability 

group. In comparing the mean SAT-M scores of the four experimental groups and looking at 

differences related to spatial ability, gender differences seem less prominent. This may come 

as a surprise, particularly when we consider the amount of research and debate that has gone 

into the issue of gender differences in mathematical ability as measured by the SAT-M. The 

argument for the identification of and nurturance of the talents of spatially gifted youth are 

strengthened. Here is a population of individuals with talents that are not valued by our 

educational system, but these talents are definitely influential on other abilities that are 

considered essential. If talents and gifts in spatial abilities are related to math and can 

potentially enhance or have a positive impact on success in math or science fields, how might 

these umecognized talents contribute to other areas of individual success and performance? 

In recalling the words of Myer (1958), talents and gifts in spatial ability may influence the 

way individuals problem-solve, create, and interpret their world, including areas far from the 

concrete world of science. 

The difference between low and high spatial ability populations is important because 

abilities in mathematics and spatial ability are necessary, if not critical for success in 

engineering and science majors and occupations (Humphrey, Lubinski, & Yao, 1993). In 
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engineering and the sciences, mathematically ability is an.important component for success 

in training, education, and preparation for a career. In essence, mathematical abilities unlock 

the door to educational and occupational opportunities in math, science, and engineering 

fields. Once individuals have begun and have successfully completed their education in 

science and engineering, spatial ability begins to play a more prominent and critical role in 

the day-to-day activities involved in an engineering or science career (Humphrey et al., 

1993 ). What types of talents are lost when we continue to focus on mathematical abilities? 

It is conceivable that there are spatially gifted individuals who are tu.med-off or are directed 

away from careers in engineering on the basis oflower mathematical abilities (Betz, 1994). 

Occupational Interests 

Occupational interests have held a prominent role in theories of career choice and 

vocational psychology (Campbell & Holland, 1972). Holland's hexagonal model of 
. . 

vocational interests has b~en influential in the development~ validation, and application of 

interest inventories, such as the Strong Interest Inventory used in the present study (Campbell 

& Borgen, unpublished), and in the applied area of career counseling. As previously 

discu~sed in the introductory portion of this paper, the vocational interests of gifted males 

and females have been examined, along with investigations into the vocational interests that 

characterize individuals interested in careers in engineering and the sciences. 

Based on research by Schmidt, Lubinski, and Benbow (1996) it was hypothesized that 

differences would be found between the vocational interests of males and females in the 

current study. Ma1es were hypothesized to score highest on the Investigative an1 Realistic 

General Occupational Themes of the Strong. Investigative and Realistic interests were also 

hypothesized to be more prevalent in both spatially gifted groups in comparison to the non-
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spatially gifted groups (Lubinski & Benbow, 1992; Lubinski, Benbow, & Sanders, 1993; 

Benbow & Lubinski, 1993; Lippa, 1995). Social and Artistic vocational interests were 

expected to be more prevalent in females versus males. For the most part, gender differences 

in the predicted direction were found. The mean scores for the Realistic scale for males were 

significantly higher than those of females. When comparisons were done by experimental 

groups, spatially gifted females and low spatial ability males did not differ significantly on 

their Realistic scale scores, spatially gifted females scored significantly higher on the 

Realistic scales compared to low spatial ability females. This suggests that spatially gifted 

females as a group do possess vocational interests in traditionally male-dominated fields and 

may benefit from career exploration activities that increase their knowledge and self-efficacy 

in Realistic occupational fields. Unfortunately, the significant difference in Realistic scores 

favoring males, particularly those identified as being spatially gifted, provides further support 

for the argument that under-representation is due to difference in abilities and vocational 

interests. 

The results for Investigative scores on the Strong were even more interesting. 

Spatially gifted females as a group scored higher than both mal~ groups and significantly 

higher than females in the low spatial ability group. For both the female groups, mean scores 

on the Investigative scales were second highest, with scores on the Artistic scale being the 

highest. Wm.le mean scores on the Social scale were third for both high and low spatial 

ability females, both male groups' mean scores on the Social scale were their lowest out of 

all six interest scales. This was consistent with the prediction that Social ·interests would be 

more prominent for females. The prominence of social interests for females is consistent 

with the literature that has shown that females prefer and place greater value on person-
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oriented occupations (Lippa, 1998; Eccles, 1994; Lips, 1992). The prominence of social 

interests and values for females and their preference for working with people has been 

implicated in the literature as a possible reason for their under-representation in math, 

science, and engineering fields (McLure & Piel, 1978; Lips, 1992; Reis, Callahan, & 

Goldsmith, 1996). Part of this preference for person-oriented interests and occupations is 

associated with the fact that females have the added difficulty of thinking about how they 

will combine their choice of a career with having a family. 

As a final note on the investigation into the occupational interests of females and 

males in this study, it was hypothesized that males would have a more narrowly defined 

range of occupational interests compared to females (Lubinski & Benbow, 1992). McGinn 

(1976) reported that gifted boys in comparison to gifted girls were found to have a more 

unidimensional set of interest on the Strong-Campbell Vocational Interest test. This uni-

dimensional set of interest was consistent with our hypothesis about the vocational interests 

of males, with high scores on the Investigative scale and low scores on the other five scales. 

In contrast, females had a more diverse range of interests, scoring higher than average on 

several interest scales (McGinn, 1976). This hypothesis was tested using two types of 

statistical analysis. The first was to compare the four experimental groups' overall standard 

deviation across the six interest scales to get a measure of the amount of variation within the 

profile. This analysis yielded no significant differences in the standard deviations, indicating 

no difference in the amount of differentiation. 

A second method of analysis was used to investigate the amount of differentiation in 

the occupational interest profiles of the four experimental groups. This method of analysis 

involved calculating a difference score that reflected the amount of variation/differentiation 
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of the each of the GOT scores from a mean GOT score. No significant differences were 

found in the amount of profile differentiation for males and females or high versus low 

spatial ability individuals. These results do not support the literature indicating that males 

have more narrowly defined vocational interests than females. As previously discussed, 

these results may be explained by the age of the participants, who should be exploring a 

variety of vocational options, rather than narrowing down their options .. 

Occupational Values 

In contrast to the prominence of vocational interests in career counseling and 

vocational psychology, values have been more frequently ignored in theory and application. 

Dawis and Lofquist's (1984) Theory of Work Adjustment (TWA) has offered a useful model 

for conceptualizing the role that values and preferences play in the interaction between the 

individual and his/her work environment. The degree to which the values and preferences of 

the individual match the demands and characteristics of the his/her work environment predict 

the level of satisfaction and satisfactoriness that will result, which in turn, predicts the overall 

success of the individual in his/her work environment. The Theory of Work Adjustment has 

served as a useful the9retical component in the conceptual framework guiding much of the 

research done in association with the Study of Values (Benbow & Lubinski, 1993). 

Based on the research by Schmidt, Lubinski, and Benbow ( 1996), it was hypothesized 

that males would be more likely to have Theoretical as their most prominent value, while 

females would be more likely to endorse the Social or Aesthetic values as their top-ranked 

value. In addition, it was hypothesized that high Theoretical value scores would be more 

· prominent in males and females identified as spatially gifted. As predicted, a larger 

proportion of males, regardless of spatial ability level, had Theoretical as their top-ranked 
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value relative to the other five values of the Study of Values, and a larger proportion of 

females endorsed Aesthetic as their most prominent value. Surprisingly, roughly equal 

proportions of females endorsed Theoretical (17.7%), Political (16.1%), Social (15.6%), and 

Religious (14.4%). The higher proportion of females with Theoretical versus Social is most 

likely a result of the population used in this study, with many of these women expressing an 

interest in being enrolled in science courses at the time of assessment. 

Consistent with the hypotheses of the present study, individuals in the high spatial 

ability groups were more likely to endorse Theoretical as their most prominent value, 

followed by Aesthetic, which is most likely a result of the higher endorsement of Aesthetic 

values by spatially gifted females. Spatially gifted females were significantly below both 

male groups in the proportion having Theoretical as their top-ranked value. Aesthetic values 

are associated with a tendency towards individualism and self-sufficiency. Betz and Hackett 

(1993) argued that women who viewed themselves as self-reliant and independent were more 

likely to have interests in non-traditional careers, such as engineering. The combination of 

Aesthetic values, Investigative interests, mathematical ability, and increased self-reliance and 

independence may indicate that the females identified as spatially gifted in this study are 

prime candidates for occupations in the sciences and engineering. 

Educational and Occupational Preferences 

Consistent with the literature on course preferences, males were more likely to select 

mathematics courses as their most preferred courses. Courses in the physical sciences were 

second for males .. For females, there was a greater distribution across subject areas, with · 

English courses being the top-ranked, followed by courses in math, the physical sciences, and 

art/music. This more even distribution provides evidence for the argument that females have 
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more diverse interests versus males who are characterized as having a narrower focus on 

math and the sciences. There were not many differences in the order of courses preferenced 

by high versus low spatial ability individuals, with the exception of English courses which 

were selected by a higher proportion of low spatial ability individuals. 

The gender differences that were found in educational course preferences were 

mirrored in males' and females' preferences for future occupations. Males were more likely 

to select a career in engineering, math, or computer science than females. This trend for 

increased endorsement of computer science in males is surprising since it was not selected as 

a favorite course by a large number of students in this study. Another surprising result was 

the fact that an equal amount of males and females selected a career in the natural, physical, 

or medical sciences. The most preferred future occupation for females was that of a doctor, 

followed by careers in science and the entertainment industry. Females were also more 

likely than males to preference a career in education, social science, or law. 

In looking at the differences between the occupational preferences of spatially gifted 

individuals versus individuals in the low spatial ability group, we find a pattern of results that 

is in line with what we would expect to see. High spatial ability individuals chose careers in 

engineering, followed by careers in the sciences, math/computer science, and medicine. Of 

particular interest is the fact that spatially gifted individuals were more likely to preference a 

career as a teacher or in the social sciences, but these results are based on a small number of 

subjects. On the other hand, nearly a third of the low spatial ability individuals selected a 

career as a doctor, followed by careers in science, entertainment, and engineering. This 

points to a more eclectic selection of careers by individuals who may not excel at tasks 

requiring spatial abilities. 
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Interesting patterns emerged when comparisons of occupational preferences were 

made for the four experimental groups. While high spatial ability males selected engineering 

and math/computer science careers as their top two occupational preferences, spatially gifted 

females were more likely to endorse a career in science or in medicine. This difference may 

be a result of the value differences of women versus. men, previously discussed in this 

chapter. Careers in education and the social sciences were ahead careers in engineering for 

spatially gifted females, which may re~ect the value women place on having a career in 

which they are working with and helping others. On the other hand, the occupational 

preferences (i.e. engineering, math/computer science, and science) of spatially gifted males 

reflects a greater interest or desire to work with things and ideas. As for males in the low 

spatial ability group, they were more likely to select a career in engineering, science, and . 

math/computer science. This supports the argument made by some resear~hers that males, in . . 

some cases, are less qualified or suited for science and engineering careers than the women . . 

who either switch majors away from engineering and the sciences or who never ev~n pursue 

this avenue of study (Meade, 1991 ). 
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CHAPTER 6. CONCLUSION 

In conclusion, let us review the list of interests and abilities identified by Benbow and 

Lubinski (1992) as being important for success in engineering and the physical sciences. 

High mathematical and spatial-mechanical reasoning abilities, intense Investigative 

vocational interests and Theoretical values, and preferences toward activities and hobbies 

involving contact with objects (i.e. tinkering and building) versus with people were identified 

as being keys to success in academic majors and careers in engineering in the physical 

sciences. How do the spatially gifted males and females in the present study match up with 

this interest and ability profile for success in engineering and the sciences? Both spatially 

gifted males and _females possessed strong mathematical reasoning abilities and spatial-

mechanical reasoning abilities. Spatially gifted males possessed intense Investigative 

vocational interests and theoretical values. For spatially gifted females, their scores on the 

Investigative interest scale were higher than those of the other three groups, but in 

comparison to the other five interests scales, Investigative interests were second to Artistic 

interests. As for values, spatially gifted females were more likely to endorsed Aesthetic 

values as their most prominent value, followed by Theoretical and Social values. 

As for preferences for activities and hobbies involving contact with objects versus 

people, high spatial ability individuals reported significantly more involvement in tinkering 

now and in the past. While spatially gifted females reported more tinkering as a child than 

low spatial ability females, they were not significantly different ( or higher) than low spatial 

ability males. As for current involvement in tinkering, spatially gifted females were even·· 

more similar to low spatial ability females in their tinkering involvement versus high and low 



87 

spatial ability males. In looking at extracurricular activities, females, particularly those 

identified as being spatially gifted were more likely to be involved in art-related activities. 

This involvement may represent a combination for a preference for activities involving things 

and intense Artistic vocational interests and Aesthetic values. Based on the prominence of 

Social interests and values in the interest and value profiles of females in the present study 

and based on preferences for occupations involving working with and help others, it can be 

argued that spatially gifted females have an interest and preference in activities involving 

contact with people. 

Overall, the spatially gifted males in the current study were more likely to be 

characterized by the profile of abilities and interests identified by Benbow and Lubinski 

(1992) as being important for success in engineering and the physical science. This finding 

is not surprising in lieu of the literature that shows women have more diverse interests and 

values, which may not be as well-matched to careers in the sciences and engineering. 

Beyond interests and values, women may also lack the level of spatial ability that is 

necessary to excel in science and engineering careers. As pointed out earlier, the current 

study adds to the literature on the under-representation of women in engineering and science 

by considering the unique profile of capabilities necessary to pursue these careers (i.e. spatial 

and mathematical ability coupled with intense realistic and investigative interests). While the 

literature has ignored the ro~e ability or talent plays in under-representation, it may point to 

further barriers that keep qualified women from continuing in science and engineering 

careers. The current literature may also point to possible limitations of the current study, 

along with possible future directions to take. 
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Self-efficacy plays a prominent role in the literature on the lack of parity of women in 

the sciences and engineering (Betz & Hackett, 1983; Lent, Brown, & Larkin, 1986; Brown, 

Lent, & Larkin, 1989; Betz, 1994; Shaefer, Epperson, & Nauta, 1997;). Arnold (1993) 

identifies a decrease in the intellectual self-esteem, which is unrelated to actual performance, 

of women in their sophomore year of college as one of the most disturbing gender patterns. 

Betz ( 1994) outlines the vicious cycle of avoidfl.Ilce behavior that can occur as a result of low 

self-efficacy expectations in females. ·Low self-efficacy in math may lead to avoidance of 

' math coursework, which is detrimental to math performance. Poor performance in math (i.e. 

SAT-M) results in a confirmation of the self-efficacy beliefs that originally initiated the 

cycle. A lack of knowledge about the level of their own abilities and unreasonably high 

expectations for themselves. can further impact the self-efficacy beliefs of women. Schaefers 

et al. (1997) point out that women receive less self-efficacy information about their own 

skills in engineering, physical sciences, and mathematics than their male peers. Not knowing 

where their skills fall, females are more likely to believe that they are not skilled or 

competent in engineering and the sciences. This lack of knowledge is coupled with the 

tendency of women in the sciences to place unreasonably high expectations on themselves. 

Meade (1991) points out that women's expectations for grades become a major barrier for 

women persisting in engineering programs. While males may continue in engineering 

programs with a C-average, women, who have higher grade-point-averages, may perceive 

themselves as less competent and efficacious and switch to another major. 

Females who are well qualified or possess the capabilities to pursue and excel in 

engineering and science may be thwarted in their pursuit of these careers by their own self-

efficacy beliefs. Follow-up studies to this research may benefit from exploring the self-
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efficacy beliefs of spatially gifted females who possess the relative attributes (i.e. females 

selected from a gender-mixed sample and who also· possess a high level of realistic interests) 

to excel in science and engineering versus the self-efficacy beliefs of spatially gifted males 

and spatially gifted females who were identified from a female population and do not have 

high realistic interests. 

The lack of role models/mentors and encouragement for women in science and 

engineering may also lead qualified women to pursue other educational and vocational 

opportunities (Meade, 1991; Subotnik & Steiner, 1993; Anderson, 1995). Family members 

can be a strong _source of support c!fld can be important role models for women in science and 

engineering. At a more general level, Betz & Fitzgerald (1987) found that having a mother 

who worked outside of the home was a predictor of more non-traditional occupational 

choices in girls. Meade (1991) points out that 50% of female engineers reported having a 

close family member in the. field of engineering. Research by Hacker (1981) revealed that 

23% of women in engineering had a father who was an engineer, compared to 13% of men . 
. 

Mentors also play an important role in encouraging women to pursue and continue in a career 

in engineering and the sciences. Subotnik and Steiner (1993) argued that having a positive 

experience with a mentor was critical for females pursuing and persisting in engineering and 

science programs. The most alarming part of this research is the lack of female faculty 

mentors available to women in engineering and science programs. Describing the hostile or 

null environment of engineering and science awaiting women, Betz (1994) points out that 

females in engineering and the sciences. ·are often excluded from informal and discretionary 

interactions that are important to their career development and success because they do not 

have a same-sex mentor. 
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In regards to support and encouragement of females, many researchers have argued 

that adolescent females do not benefit from the same support for their talents in math and the 

sciences from parents, teacher, and counselors (Meade, 1991; Reis, Callahan, & Goldsmith, 

1996; Anderson, 1995). Both Eccles (1994) and.Callahan and Reis (1996) point to the 

tendency for parents to either underestimate the talents of their daughters in stereotypical 

male activities and occupations or to underestimate the value of math and the science for 

their daughters. The effects of socialization and gender stereotyping are also found in the 

school, with counselors and teachers being less likely to encourage girls' talents in math and 

the sciences (Meade 1991; Reis et al., 1996). Reis et al. (1996) suggest that gifted females 

are more likely than male peers to listen to advice from parents, teacher, and counselors. 

Halpern (1996), in an article on the public policy implications of sex differences in cognitive 

•abilities, reviewed the literature showing that stigmatized groups (i.e. women and minorities) 

may be influenced by their beliefs about the intellectual inferiority of their group. These 

beliefs are influenced by the gender stereotypes about math, science, and engineering as male 

interests and careers. Females who may possess the relative attributes for success in 

engineering and the sciences may be receiving the message that they cannot and should not 

pursue their talents and interests in these fields. 

The lack of encouragement for girls to pursue engineering, math, and science 

opportunities and careers has two potential results. First, a lack of encouragement and 

support leads to a general lack of knowledge by females about the careers and opportunities 

available to them in math and the sciences. Secondly, the lack of encouragement and de-

valuing of math and the sciences for girls may contribute to females who possess the relative 

attributes being socialized away from engineering and science careers and into person-
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oriented careers. Meade (1991) and McLure and Piel (1978) both argue for the need for 

career education about occupations in engineering and the sciences for females. Females 

may be selecting careers outside of engineering because they lack information about what 

engineering entails and how their abilities and interests may be met by a career in 

engineering. Gottfredson (1981) argues that all to often individuals, particularly women, 

start to circumscribe their career choices before fully exploring all of their career options. 

This early narrowing of options results in a great loss for women and society as a whole. 

McLure and Piel suggest that career education include information about the course of study 

involved in a career in engineering and the sciences, which can be used by women to better 

prepare themselves for a future in engineering. 

As already noted, vocational interests and values also play an important role in the-

under-representation of women in science and engineering fields. Anderson (1995) points 

out that women often decide to go into engineering because of their strengths in math and 

science and because of the practicality (e.g. economic) of a career in engineering. For 

women, choosing a career in engineering represents ari academic choice. In contrast, males 

select a career in engineering because of their interests in tinkering, mechanics, and 

electronics, which are more closely in-line with the actual practice and work-related demands 

of a career in engineering. With this in mind, women may be less suited to an actual career 

in engineering because they have based their decision on factors that are less relevant to a job 

in engineering. Socialization and information play key roles in this area. Wi~h more 

information about.the actual demands of a career in engineering and more experiences as 

children with activities involving tinkering (e.g. construction sets, models, etc.), women may 
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be more informed and better able to select a career in engineering on the basis of a match 

between their interests, abilities, and values. 

The literature on the barriers to women's selection of majors and careers in 

engineering and the sciences point to some important limitations of the current study. First 

and foremost, the literature on the important role of mentors and parental encouragement 

play in the selection of careers in engineering and the sciences provides a good argument for 

the assessment of these factors in the experiences of spatially gifted females. The current 

study did not assess parental and teacher support for educational achievement and future 

occupations. Follow-up studies should look at spatially gifted females' role models or 

mentors and the level of involvement they have with these mentors. Based on research 

showing parental occupation as a factor in females pursuit of careers in engineering and 

traditionally male-dominated careers, parental occupations of gifted females should be an 

investigated. Related to this, it may be useful to collect data on parental views of 

occupations for their daughters and parents' ratings of the value of math and science courses 

to their daughters' educational and occupational future. This may provide a measure of 

gender stereotyping of occupations by parents and a measure of parental support for the 

interests and abilities of the spatially gifted daughters. 

A second limitation of the current study was that self-efficacy measures were not 

included. While Benbow and Stanley (1982) found no differences in estimates ofmath and 

science competence for males and femaies, it may be informative to see if differences exist in 

self-efficacy ratings of spatially gifted males and females for future academic majors and 

occupations. Analysis should include an investigation of the relationship between self-

efficacy ratings to levels of parental and teacher support. 



93 

Another potential area of improvement would be to assess students' knowledge about 

different career options. The research indicates that females are more likely to lack 

knowledge about careers in engineering and the sciences, and this lack of knowledge may be 

a major barrier to pursuing and persisting in a career in engineering and the sciences. 

Information on spatially gifted females knowledge of engineering careers, self-efficacy 

ratings in engineering, math, and science careers, and levels of support may provide 

important clues for designing educational experiences and interventions to increase women's 

participation in engineering and the sciences. 

Increasing women's participation in engineering and the science must also be given a 

word of caution. Lips (1992) and Eccles (1994) point to the need to reframe questions and 

research into women's under-representation in the engineering and sciences as a choice 

versus deficit on the part of women. Both argue that instead of focusing research studies on 

why women avoid educational and occupational careers in engineering and the sciences, 

researchers need to look at what factors attract males and females to their occupational 

choices. If individuals are choosing a career on the basis of faulty beliefs about their own 

efficacy and competence or on the basis of a lack of information and knowledge about their 

career options, then it is appropriate plan interventions that are designed to help individuals 

make better career choices. If individuals are selecting careers on the basis of accurate 

knowledge about their abilities, interests, and values, then the focus needs to be on 

developing ways to make careers in engineering and the sciences more attractive to 

individuals who may possess the right profile of interests, abilities, and values. 
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