
37? 
MBU 

/ t o . V&/& 

GENDER DIFFERENCES ASSOCIATED WITH ENROLLMENT IN THE 

TEXAS ACADEMY OF MATHEMATICS AND SCIENCE 

DISSERTATION 

Presented to the Graduate Council of the 

University of North Texas in Partial 

Fulfillment of the Requirements 

For the Degree of 

DOCTOR OF PHILOSOPHY 

By 

Robert T. Burns, A.A.S., B.S., M.S. 

Denton, Texas 

May, 1998 



( 3 i ^ 

Burns, Robert T. Gender differences associated with enrollment in the Texas 

Academy of Mathematics and Science. Doctor of Philosophy (Higher Education), May, 

1998, 70 pp., 23 tables, references, 49 titles. 

This study sought to determine if different factors had influenced females and 

males to select engineering/science-related studies at the Texas Academy of Mathematics 

and Science (TAMS). The data were collected in the fall semester in 1997 at TAMS 

located on the University of North Texas campus from a survey of factors reported in the 

literature that had influenced students to enroll in engineering/science-related curriculum. 

Of the 380 TAMS students enrolled fall semester, 303 or 85% participated in the 

study. Those who participated included 135 or 45% females and 168 or 55% males. 

A dichotomous discriminant function analysis to identify relationships between the 

criterion variable (gender) and the predictor variable (factors) was used. The analysis of 

variance (ANOVA) was used to identify any significant predictor (factor) when the 

criterion was gender. Analysis of the data indicated no difference between females and 

males concerning factors that influenced them to enroll in TAMS. Neither discriminant 

function analysis nor the regression analysis using weighted least squares could 

significantly establish any relationship that could predict a student to be female or male 

with respect to factors that influenced them to enroll in TAMS. 

The factors were ranked utilizing the Thurstone equal appearing intervals scale for 

both females and males. Both females and males in TAMS ranked extrinsic interest 



including job opportunity, salary, and promotion, as the most important factor. The least 

important factor for both females and males was family encouragement. 

The findings indicate that TAMS students based their enrollment decision on 

factors independent of those suggested in the literature as applying to males and females. 

This may have resulted from the fact that these students are a unique population biased 

toward valuing a math/science curriculum. 
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CHAPTER I 

INTRODUCTION 

Administrators of programs in engineering/science-related technologies continue 

to show little progress in the recruitment of female participants in high-technology major 

fields (Evetts, 1996). This is happening at a time when industry has a great need for 

high-technology paraprofessionals and professionals in engineering/science-

related technologies. Currently, a degree is required to enter the field as an engineering 

technician at the associate's level; higher degree levels are required for engineering careers 

(Hornig, 1987). 

Historically, women have entered engineering fields when the availability and need 

were apparent (Freeman, 1915; Pursell, 1993). Women entered these areas of study 

when men were sent to fight during World War I. For example shortly after the war, 

women founded the Women's Engineering Society to protect their interests against 

attempts to force them out of the engineering trades. 

According to Pursell (1993), currently the engineering fields require more 

education for degrees in engineering, science and related technologies than they did in the 

early part of the 20th century. The diversity of career fields in engineering, science, and 

technology is evident in the numerous types of degrees offered by universities and 

colleges. As new technologies emerge, new degrees are created specifically for those 

technologies. Consequently, more people will need higher levels of education. 

Earlier, Wright (1987) recognized that strategies must be developed for women to 

enter high-technology fields in higher educational institutions. If women are to have 

increased control over their futures in high-technology, they must first obtain equal access 
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to technology fields in higher educational institutions. The development of strategies 

alone will not assure acceptance. 

Rothschild (1988) suggested that a single approach to mainstreaming women's 

studies, including teaching and scholarship, into the rest of the curriculum will fail. The 

reason is that this approach will cause female-defined scholarship to be overwhelmed by 

the traditional and still powerful disciplinary canons. Rothschild observed that feminist 

research and teaching in science and technology fields have been slower to emerge and 

less visible than in the liberal arts. This slow growth in feminist research and teaching 

contrasts greatly with the rapid growth in engineering, science, and technology. 

While attempting to establish strategies for women entering high-technology 

careers, Goldberg (1984) argued that the educational environment has to adjust. In order 

for the educational environment to adjust, an understanding of gender differences and 

similarities must be taken into consideration with respect to the administration of 

technological fields of study. Women must become more involved in the establishment of 

high-technology curricula before any adjustment to the educational environment will be 

realized. 

Several studies have found that men have the traditional point of view that a 

university education in engineering/science-related technologies is for people who will 

commit to that profession for life (Betz, Heesacker, & Shuttleworth, 1990; Blood, 

Maluso, & Schroeder, 1993; Katz, 1986; Machung, 1989; Shapiro & Crowley, 1982). 

Dedicating great amount of time to education and career leaves little time for family and 

spouse. Today, women are less traditional in their attitudes toward mothering, hold more 

egalitarian attitudes toward marital roles, and expect more role frustration for themselves 

(Blood et al., 1993). Bridges (1987) found that young women college students desired a 

lifestyle that involves combining a career and family. Many women still prefer a lifestyle 

that includes stopping full-time work, at least until their youngest child is in school, then 

resuming a full-time career (Greene, 1990). Blood et al. (1993) concluded that men 
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who have power in the traditional engineering institutions of higher learning excluded 

women because of the values men had determined as necessary for success in an 

engineering/science-related career. 

According to Mcllwee and Robinson (1992), both men and women expect men to 

be competent, instrumental, assertive, competitive, and career-oriented. On the other 

hand, women are expected by both sexes to be expressive, emotional, and nonassertive, 

and to value family over career. These expectations carry over into the workplace, 

especially where science and engineering careers are concerned. Because of these 

expectations, the engineering and scientific career paths have not been available to women. 

The workplace is highly competitive, and scientists and engineers are often required to 

give up family time so that they might dedicate themselves to work and career-oriented 

goals. The workplace of scientists and engineers mirrors the educational environment that 

accepts the expectations defined in the workplace and that is dominated by men of science 

and engineering. The power and money for research and scholarship come from a 

male-dominated workplace, and expectations will be slow to change. Mcllwee and 

Robinson believe that these expectations about dedication to work and career will make it 

difficult for women to achieve engineering/science-related careers. 

In a study of women in engineering schools, Hacker (1981) concluded that 

women engineering students have found considerable prejudice and hostility from 

faculty and fellow students. A study of the students and faculty of an East Coast 

engineering institute found that men shared a set of values that intentionally excluded 

values held by women in order to maintain a male-dominated culture in that engineering 

institution. Hacker described this as a "culture of engineering," in which the stress is on 

the importance of technology over personal relationships. Male abstract knowledge is 

emphasized over female inexact humanistic knowledge. This approach inherently stresses 

male over female traits. According to Hacker, this accurately describes the value set 

promulgated in major American universities by university professors. The Texas Academy 
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of Mathematics and Science (TAMS) was created by the Texas Legislature in 1987. This 

institution provides an opportunity for gifted and talented students with particular interests 

in mathematics and science to complete their last 2 years of high school and first 2 years of 

college simultaneously. 

According to the TAMS mission statement, the following are the academy's 

written goals: 

1. To encourage students to pursue science, engineering, and mathematics careers, 

addressing the shortage of qualified people in these fields. 

2. To provide students with intellectual stimulation and the companionship of 

peers. 

3. To encourage students to develop the self-discipline, reasoning ability, 

curiosity, and creativity that lead to independent thought and action. 

4. To aid students in developing the integrity that will enable them to benefit 

society through their careers. 

These goals reflect the same expectations that have been required by 

engineering/science-related careers and that make this institution significant to this 

study. Another benefit to this study is the fact that the TAMS freshman class of 

1997-1998 was approximately 50% females. There is a commitment from the TAMS 

administration to recruit women to the institution and to maintain an approximately 

50% gender ratio. 

Stanley (1991), who was deeply involved in the establishment of the Texas 

Academy of Mathematics and Science, found that TAMS is similar in a number of ways 

to other major state residential high schools, but that it has the unique difference of placing 

the students directly into the University of North Texas classrooms with university 

students. TAMS students are, therefore, high school/university students. 

According to Stanley (1991), most TAMS graduates go on to finish at either the 
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University of North Texas or to transfer to selective colleges and universities in-state and 

out-of-state. Stanley gave an example of two graduates who entered Johns Hopkins 

University with full junior-year status; the male student majored in 

biopsychology, and the female student majored in mechanical engineering. Numerous 

similar examples are available from TAMS. Stanley concluded that academies such as 

TAMS can help provide the trained scientific and technical personnel that our country 

needs. 

The Problem 

What perceived factors influence the choice of an engineering/science-related 

curriculum as a major field of study by females as compared to males attending 

TAMS? 

Purposes of the Study 

This study sought to determine whether or not different factors have influenced 

females and males to select engineering/science-related studies in TAMS and to analyze 

those factors in order to make recommendations for fUture recruitment and 

encouragement into an engineering/science-related curriculum as a major field of study 

and, subsequently, as a career. 

Hypotheses 

The hypotheses for this study were as follows: 

H 1: Females and males can be differentiated on the basis of the difference of 

importance of factors in selecting an engineering/science-related curriculum as a major 

field of study in TAMS. 

H 2: Factors that influenced females attending TAMS to select an engineering/ 

science-related curriculum as a major field can be ranked with respect to their importance 

as perceived by those females. 
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H 3: Factors that influenced males attending TAMS to select an engineering/ 

science-related curriculum as a major field can be ranked with respect to their importance 

as perceived by those males. 

Significance of the Study 

This study contributes to research about participation by gender in 

engineering/science-related technology programs in higher education. The research 

should contribute to the literature presently available on the topic of curriculum selection 

by gender. This study specifically provides a method for identification and ranking of 

factors as perceived by women and men in engineering/science-related curriculum. 

Assumptions 

The following assumptions were made for this study: 

It was assumed that subjects would respond honestly to the instruments that they 

received. Each of the instruments involved self-reporting of responses by the subject. 

Any generalization of this study should consider that the study was 

conducted on a single campus, with the subjects classified as gifted and talented teenage 

high school/university students. Generalizations beyond the TAMS campus are, therefore, 

not advisable. 

It was assumed that the cumulative mean scores, as reported in chapter 4 of this 

study, can be ranked. This assumption was based on the Thurstone Appearing Intervals 

Scale used in the study's survey (Ferguson & Takane, 1989). 

Delimitations 

The following delimitations apply to this study: 

1. This study concentrated on TAMS, located at the University of North Texas, 

Denton. 
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2. This study included only students who were attending TAMS and were residing 

in McConnell Hall during the 1997-1998 academic year. 



CHAPTER II 

LITERATURE REVIEW 

Introduction 

The following review of literature describes gender differences and similarities 

between male and female students regarding expectations for curriculum and career 

selection, results of research factors related to selection of studies in 

engineering/science-related majors, and persistence in engineering/science-related careers. 

The focus is on processes used by students in the selection of specific fields of studies in 

engineering and science. 

Career Retention in Jackson, Gardner, and Sullivan (1993) 

Engineering Persistence: Past Present, and Future Factors and Gender 

Differences (Jackson, Gardner, & Sullivan, 1993) stresses a perceived, but debatable, 

shortage of engineers into the 21st century. Responding to this concern, the research 

identified factors that influence the selection of engineering as a career. Jackson et al. also 

researched persistence in engineering for those who had selected an engineering career, 

seeking to learn why people choose engineering as a major and why they remain in or 

leave engineering. Jackson and colleagues attempted to study minorities and the gender 

and background characteristics of women who entered male-dominated fields such as 

engineering (Jagacinski, 1983). It was found that women in engineering were from 

families with well-educated parents and a working mother. Also, women in engineering 

8 
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value career success more than do women in female-dominated fields. These women, 

however, are more likely to report feelings of isolation, lack of support from male 

colleagues, and sex discrimination in the workplace (Kanter, 1977a). Past and present 

factors in the study by Jackson that have been used in the subsequent analysis were useful 

in the present study. The authors labeled these dimensions as (a) high school experiences; 

(b) job status; (c) security considerations; (d) family encouragement; (e) intrinsic 

interest; (f) extrinsic considerations; (g) hobbies; (h) personal/family; (i) 

laboratory/equipment; (j) meeting self-expectations; (k) leisure time; and (1) goal 

uncertainty. In some instances, women reported more or less importance on specific 

items. 

Career Goals in Mcllwee and Robinson (1992) 

Women in Engineering: Gender. Power and Workplace Culture (Mcllwee & 

Robinson, 1992) also identified factors that turn women toward the field of engineering. 

Those factors most often cited by women are as follows: (a) students are good at math 

and science; (b) engineering is a practical choice; (c) engineering offers high pay and 

many jobs; and (d) students have fathers or other family members who encourage them. 

These idications are unlike those in the Jackson study, which shows little difference 

between genders. Mcllwee and Robinson (1992) demonstrated few similarities, other than 

family encouragement, between why men become engineers and why women become 

engineers. Only 17% of the men cited their interest in math and science as a reason, and 

only 20% mentioned engineering's practicality. Among the women, interest in mechanics 

and electronics was cited by only 14% and "tinkering" by about 17%. According to 

Mcllwee and Robinson, "Women were drawn to engineering above all because they had 

done well in math and science; men because they had been tinkerers" (pp. 24-25). 

No attempt was made in the Mcllwee and Robinson (1992) study to 

explain statistically the differences in the gender-oriented responses. The men 
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could have responded as they did because it is a prerequisite for engineering 

that all participants be proficient in math and science, and men may have looked 

for something, in addition to the obvious, as a response. On the other hand, the 

women may have responded as they did because they knew that, traditionally, 

they have to overcome a perception that they are not as proficient as men in math and 

science and thus would not succeed in the engineering field. 

The Mcllwee and Robinson (1992) study and the Jackson et al. (1993) study 

introduced similar factors. The influence of family on career decision was cited in the two 

studies by both men and women who were products of the middle class. Women were 

more likely to be from the professional middle class. Their parents were almost certain to 

be oriented academically and likely to encourage the academic performance of their 

daughters. 

Another factor, practicality, was related to the women's orientation toward 

traditional gender roles. Most of the women studied assumed that they would marry, 

raise a family, and have primary responsibility for child rearing. Engineering pays well, 

and the job, unlike medicine or science, is largely limited to an 8-hour day. 

Mcllwee and Robinson (1992) described a concept about the culture of 

engineering in the university that may clarify a point in the present study. Most of the 

reviewed literature related to schools of engineering. The authors described the culture in 

schools of engineering, which suggests an emphasis on academic performance, math, and 

theory. This culture views the workplace as oriented toward applications with hands-on 

skills. This emphasis of academic over technical skills is controlled in the university and 

by the engineering faculty. 

Mcllwee and Robinson (1992) reported a study of the differences between two 

universities, using alias institutional names, California Elite University (CEU ) and Public 

State University (PSU). They found that CEU was oriented toward academics and that 
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PSU was oriented toward the practical and the laboratory; both had good engineering 

programs. One third of the women in the study responded in an interview that they had a 

desire for more hands-on experience. Nearly all of these women were attending CEU. 

According to this study, a woman can build technical self-confidence by having hands-on 

experiences as part of the curriculum. Whether the respondents know the difference 

between engineering and engineering technology as it relates to selection of engineering 

technology as a major field may be an important factor in the present study. 

Another factor that was suggested was the interaction between engineering faculty 

members, made up of primarily men, and the women engineering students. Mcllwee and 

Robinson (1992) stated the following: 

Survival and success are made easier by positive relationships with the professors. 

Students are more likely to succeed if they can talk easily to professors both in 

class and out, if they feel supported and encouraged, and if they can seek help for 

different material. More than half of the women we interviewed told us of 

problems they had with their engineering professors, (pp. 57-58) 

Freeman (1915) stated, "Professors don't have to make it a specific point to 

discourage their female students. Society will do that job for them. All they have to do is 

fail to encourage them. Professors can discriminate against women without really trying" 

(p. 221). 

Choices of Major Factors Identified by Riddell (1992) 

In Gender and the Politics of the Curriculum (Riddell, 1992), the part played by 

option choice in the cultural reproduction of gender and class divisions in a school in 

England was analyzed. The focus was, therefore, on the manner in which option choice is 

used by schools to bring about traditional gender divisions in the curriculum choice that 
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impact curriculum decisions at the college level with respect to engineering technology. 

The attempts by teachers to encourage students into nontraditional areas, as 

reflected in Riddell (1992), did not change the fact that students were divided ultimately 

by class, sex, and achievement. Riddell attempted to measure the pupils' perceptions of 

the gender appropriateness of particular subjects. Subjects that rated high for both sexes 

were math and English. Other subject areas yielded large divisions. Boys highly rated 

physics, chemistry, metalwork, and technical drawing. Girls rated home economics and 

needlework next in importance after English and math. No ground was gained in 

establishing gender neutrality. Because technical subjects were chosen by boys and the 

choice was based on male interests, the assumption was made that a female attempting 

these subjects would threaten her gender identification. Evidence pointed to a perception 

by both sexes that venturing into nontraditional areas of the curriculum would compromise 

their gender identity. The resistance of girls to participating in masculine areas of the 

curriculum was also related to their positive identification with other girls and women. 

Riddell (1992) stated, "In the process of establishing their own gender identity, 

girls were using subject boundaries to mark out female from male terrain". Girls defined 

masculine-related subjects "as unattractive, uninteresting and suitable only for those who 

could be labeled 'weird'". Both the curriculum and male attitudes—students and 

teachers— foster girls' limits; however, Riddle noted, "It would be incorrect to assume 

that girls were opposed to the principles of gender equality" (p. 114). 

An Analysis of Computer-related Fields Identified by Strober (1987) 

The computer-related occupations as described in Integrated Circuits/Segregated 

Labor: Women in Computer-Related Occupations and High-Tech Industries, by Strober 

(1987), included engineers, computer scientists, systems analysts, programmers, and 



13 

electronic technicians. Requirements for these occupations generally ranged from a 2-year 

associate's degree in electronics technology to a 5-year bachelor's degree in engineering. 

These occupations, according to the author, seem to lend themselves to an equalization by 

gender because of the attributes that females bring to programming and computer-related 

fields. 

In brief we found that although high-tech in general and computer occupations in 

particular are often seen as the great equalizers, especially for those with higher 

education, in fact, there is considerable gender segregation in both high-tech 

industries and computer-related occupations in all industries; there is also 

considerable male-female earnings differentiation. (Strober, 1987, p. 137). 

The earnings differentiation was assumed to be the result of more women than men 

being employed in lower-paying end-user industries (Strober, 1987). However, this was 

not supported by data presented in this study. Descriptions of each occupation were 

given; in the description of an engineer, it was noted that the greatest numbers of 

engineers used in the computer industry are electrical engineers; however, others were 

mentioned. Engineers have the highest status and highest paid computer-related 

occupations. Engineers have at least a B.S. degree in engineering and many have 

advanced degrees. 

Computer scientists were described by Strober (1987) as people who work with 

engineers to design the overall hardware and software systems. These scientists also 

develop new languages to be used by programmers. They generally hold an M.S. or 

Ph.D. in computer science or electrical engineering or both. 

Those who conceptualize and plan how a business or industrial task is solved by 

computers were identified as computer systems analysts. Programmers work with these 

analysts. Others with like skills and academic backgrounds were identified as software 
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engineers and programmer analysts. Strober (1987) stated that all of these people need 

4-year degrees or higher to be successfully employed. 

A major group noted by Strober (1987) was the engineering technicians. This 

group was identified as normally having an associate's of arts or science degree in 

engineering or electronic technology. They are highly skilled in construction, testing, and 

repair of circuitry. 

A major portion of a chapter in Strober's (1987) study concerned gender 

segregation as it relates to computer-related occupations, with Strober asserting the 

following: 

[Although] computer-related occupations are of relatively recent origin, they are 

already remarkably segregated by gender. In 1970, women comprised two percent 

of all engineers in the computer industry; in 1980, that figure had risen to only five 

percent. Thus in the highest-paid, highest-prestige computer-related occupation, 

women are virtually absent, (p. 144) 

There was, however, an increase in computer scientists and programmers from 

1970 to 1980 (Strober, 1987). Women computer scientists increased from 15 % to 22 %; 

whereas women programmers increased from 23 % to a 1980 high of 31 %. Women were 

also better represented among engineering technicians than among engineers, yet the 

percentage of women technicians comprised only 17 % in the 1980s. 

Strober (1987) found that computer-related occupations are of recent origin and 

are not gender-neutral. These occupations are not gender-neutral because the computer 

fields grew out of the fields of engineering and mathematics, which are male 

dominated. Strober stated, "These findings dispel the myth that high tech is automatically 

a great equalizer. High tech may produce integrated circuits, but it does not necessarily 
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produce an integrated work force or eliminate the female/male earning differential" (p. 

172). 

For most of the computer-related occupations there was little movement in 

percentage by gender from the 1970s to the 1980s (Strober, 1087). Among 

computer-related industries, white men were overrepresented compared to their 

representation in the general labor force. Minority men and women of all racial and ethnic 

groups were underrepresented. Most men were in production, professional/technical, or 

managerial occupations. Most women were in production or clerical occupations. In all of 

these high-technological areas, women's median hourly earnings were less than those of 

men. 

Hacker (1981) asserted that women exclude themselves from advanced math and 

science training. Women are found in high school and college science to be performing at 

a higher level than their male classmates; however, women still have a higher drop-out rate 

than men. Hacker suggested that merely encouraging women may be sufficient to change 

their educational decisions. This relates to the concept of the "culture of engineering", as 

described by Hacker, to be that which has historically resisted the entrance of women into 

the field of engineering. Strober's theory (1984) asserted that men may acquire habits of 

the "engineering culture" in part to keep women out. Assertions such as Strober's are 

substantiated by research. 

Career Attraction Factors Identified by Greenfield, Hollo way, and Remus (1982) 

An increase in women's choosing of engineering careers was the result of 

influences relating to a variety of factors according to Greenfield, Holloway, and Remus 

(1982) in their study "Women Students in Engineering: Are They so Different from Men?" 

The factors in their study included more liberal societal attitudes regarding women in the 

workplace, women's interest in exploring nontraditional careers because of a shrinking 

market of traditionally female-dominated occupations (e.g., teaching and nursing), 
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proactive recruitment efforts by engineering colleges, and government-prompted 

affirmative action and equal employment opportunity laws. 

The results of the Greenfield et al. (1982) study pointed out several characteristics 

shared by men and women in engineering programs. These characteristics included (a) 

high academic aptitude in mathematics and science; (b) realistic expectations for the first 

semester in college; (c) willingness to spend time on academic study; (d) high educational 

aspirations, desire for opportunities that include problem solving and challenging work; (e) 

availability of engineer role models in the family; (f) perception of their own personal 

characteristics of striving for good grades; (g) congruence between image of self and 

image of an engineer; and (h) perception of support from family, friends, and teachers. 

In their study, Greenfield et al. (1982) found some differences between gender, 

including the following: 

1. Women frequently cited recruitment programs as a major influence on their 

decision to study engineering. 

2. More women have the expectation that the first semester in college will help 

them decide if engineering is the right program to take. 

3. Women view the engineering environment as more personal than the men. 

4. The opportunity to help others is important for women in achieving career 

satisfaction in the engineering profession. 

5. Women have greater interests than men in some of the more people-oriented 

fields of engineering. 

An important conclusion found in the Greenfield et al. (1982) study is that women 

students need not fear that they must be superwomen to succeed in engineering. The 

study concluded that academic aptitude is important for both sexes. But there is no 

evidence that women, in order to succeed and compete in engineering, have to out-achieve 

men. 
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The Culture of Science Identified by Barber (1995) 

Factors concerning women in engineering and science disciplines must be seen 

within the cultural context. Barber (1995) found that, because statistics show that women 

have yet to achieve equality in science and engineering, an awareness of persistent 

problems with recruiting women to careers in science and engineering is high among 

educators, government officials, scientists, and the general public. According to Barber, a 

number of studies have revealed that the gender-related changes of the late 1960s and 

early 1970s failed to produce the hoped-for equal-opportunity classroom. The barring of 

women and girls from training in disciplines such as science and engineering has eased 

because of Title IX. However, this does not ease the more subtle forms of 

discouragement. Barber reported that women who do pursue further study in science or 

engineering discourage themselves. 

Barber (1995) concluded that women may have become more comfortable with 

the image of themselves as scientists in recent years, but these women have not become 

more comfortable with the reality of working day-to-day within the science or engineering 

disciplines. This is occurring despite widespread changes in the status of women and also 

despite attempts to intervene and improve their situation. 

The theory put forth by Barber (1995) implies that intervention efforts to help 

women feel more comfortable with science and with themselves as potential scientists is 

not enough. Barber stated, "Awareness of the association of masculinity with the culture 

of science is the key to understanding the particular difficulties young women face as they 

enter professional science" (p. 231). It is this culture of science that men have created that 

must change. Gornick (1983) described women scientists' entry into the professional 

world as "a faint but continuous humiliation that, like a low-grade infection, is cumulative 

in its power and disintegrating in its ultimate effect" (p. 74). The prevailing culture of 
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science can be entered only by women who are willing to assimilate, leaving important 

parts of their identities in the process. The gender gaps in the science and engineering 

disciplines can be understood as a function of assimilative pressure. 

Barber (1995) believes that the key to narrowing the science and engineering 

gender gap lies in transforming the culture of science to include femininity as well as 

masculinity. The author noted that, "the cultural worlds of science and engineering must 

change if they are to integrate a wider variety of people" (p.232). 

Tokenism as a Determining Factor 

Kanter (1977b) developed a theory of tokenism stating that individuals will be 

affected adversely by declining representation of their own gender within an environment. 

Sax (1996) applied this theory to a study using students' college majors as the 

environment. Sax's study examined how the proportion of women in a major affects 

students' college grades, academic self-concept, mathematical self-concept, social 

concept, and satisfaction with the major. 

Sax (1996) consided women's relatively lower rates of participation in physical 

science and engineering. If tokenism was the reason, then the mere lack of female 

peers in these majors would serve as an environmental factor discouraging other women 

from entering a major of science or engineering. 

Studies (Astin, Korn, & Riggs, 1993; Astin, Korn, Sox, & Mahoney, 1994; Dey et 

al., 1992) have found that first-time freshman men and first-time freshman women differ 

greatly in their intended fields of study. Table 1 reflects this difference, indicating that 

19.5 % of freshman men and 4 % of freshman women plan to major in computer science 

or engineering. Similar percentages of male and female freshmen plan to major in biology 
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or physical sciences. Female freshman are more likely to select majors in professional 

fields, education, social sciences, or humanities than male freshman. 

The rate of participation between males and females earning a degree in fields of 

mathematics, science, and engineering directly relates to the differences in the intended 

majors of male and female first-time freshmen. As shown in Table 2, women are less 

likely than men to earn a degree in mathematics, physical sciences, computer sciences, and 

engineering. 

In the past 20 years, gaps in the proportion of science and engineering degrees 

have decreased. This trend can also be seen in Table 3 with respect to graduate degrees in 

mathematics and science majors. 
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Table 1 

Percentage Distribution of Probable Fields of Study Among 

First-Time College Freshmen, by Sex: Fall 1996 

Probable major field of study Men Women 

Arts and humanities 9.4 10.5 

Biology 6.5 7.4 

Business 18.1 13.8 

Education 6.3 14.2 

Engineering 15.2 2.6 

Physical sciences 2.7 2.0 

Professional 9.8 20.2 

Social sciences 6.1 11.7 

Technical 3.7 1.4 

Computer sciences 4.3 1.2 

Other 10.5 6.5 

Undecided 7.4 8.8 

Note. Physical sciences include fields such as astronomy, chemistry, earth science, 

mathematics, and physics. From The American Freshman- National Norms for Fall 1996 

by the Higher Education Research Institute, 1996, Los Angeles: UCLA, Graduate School 

of Education and Information Studies. 
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Table 2 

Female Field Concentration Ratio of Bachelor's Degrees Conferred: 

Academic Years Ending 1971. 1982 and 1994. 

Field of study 1971 1982 1994 

Humanities 1.84 1.41 1.32. 

Social sciences and history 0.76 0.80 0.72 

Psychology 1.04 1.99 2.27 

Life sciences 0.54 0.82 0.88 

Physical sciences 0.80 0.74 0.42 

Mathematics 0.21 0.34 0.72 

Computer sciences 0.21 0.53 0.33 

Engineering 0.01 0.13 0.15 

Education 3.82 3.10 2.84 

Business management 0.13 0.64 0.76 

Health professions 4.39 5.23 3.93 

Note. Physical sciences includes fields such as physics, chemistry, 

astronomy, and geology. From U.S. Department of Education, National Center for 

Education Statistics, IPED/HEGIS surveys of degrees conferred. 
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Table 3 

Female Field Concentration Ratio of Graduate Degrees Conferred; 

Academic Years Ending 1971. 1982. and 1994, 

Field of study 1971 1982 1994 

Master's degree 

Life sciences 0.76 0.69 0.92 

Physical sciences 0.23 0.27 0.35 

Mathematics 0.56 0.43 0.51 

Computer sciences and engineering 0.03 0.14 0.19 

Computer sciences 0.17 0.35 0.29 

Engineering 0.02 0.10 0.15 

Doctor's degrees 

Life sciences 1.17 0.87 1.09 

Physical sciences 0.36 0.34 0.44 

Mathematics 0.50 0.33 0.45 

Computer sciences and engineering 0.04 0.13 0.21 

Computer sciences 0.14 0.19 0.29 

Engineering 0.04 0.12 0.20 

Note. Physical sciences include fields physics, chemistry, astronomy, and geology. 

From U.S. Department of Education. 
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Sax's (1996) study found that women's slightly greater satisfaction with 

predominantly female majors may actually be attributable to other aspects of the college 

environment rather than to the proportion of women in the major. The results of the Sax 

study indicate that the gender composition of a major had no effect on men's and 

women's academic self-concept, mathematical self-concept, and social self-concept, and 

no effect on men's satisfaction with their major. 

Sax (1996) found, with respect to student background characteristics, what appear 

to be the "effects" of gender composition or artifacts of self-selection. Factors such as 

ability and academic preparation were the primary input factors; but other factors, such as 

low high school grades, SAT scores, and the self-confidence of students who initially 

chose majors with more women, explained why the ratio of women in the major was 

negatively related to academic and mathematical self-concept, and why gender 

composition was not directly correlated with college grades. 

Parental Influence on a Student's Selection of a College Major 

Some studies supported the notion that parents exercise the most influence 

on a student's selection of a major and that parental encouragement is vital (Brittain, 

1963; Marini, 1978; Smith, 1981; Stage, 1993). Other studies have shown that the 

powerful bonds that adolescents share with their peers play a vital role in the selection of 

a major (Atwater, 1992; Lackovic-Grgin, &DeKovic, 1990; Sebald, 1992). 

Pearson and Dellmann (1997) found a significant gender difference between the 

percentage of females (75%) who had decided on a college major compared to the 

percentage of males (67.6%) who had decided. 
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Table 4 

Parent's Educational Background Cross Tabulated With Student's 

Decided or I Jndecidedness 

Decided Undecided 
No % No % 

Did mother graduate from college? 
Yes 136 29.8 48 28.6 

No 320 70.2 120 71.4 

Totals 456 100.0 168 100.0 

Did father graduate from college? 
Yes 163 35.7 63 38.0 

No 294 64.3 103 62.0 

Totals 457 100.0 166 100.0 

Did either parent graduate from college? 
Yes 201 44.8 80 49.4 

No 248 55.2 82 50.6 

Totals 449 100.0 162 100.0 

Note. Table from "Parental Influence on a Student's Selection of a 

College Major", by C. Pearson and M. Dellmann, 1997, 

College Student Journal, 31(3). 

The educational background of mothers and fathers presented in Table 4 shows an 

almost equal numbers of decided students (29.8%) and undecided students (28.6%) who 

reported that their mothers had graduated from college. Nearly the same is true of 

students who had fathers who had graduated from college. 



25 

Table 5 

Rank Order of Influences on the Selection of a College Major 

Number of 

responses 

Percentage of 

responses 

Teacher 71 13.9 

Mother 55 10.8 

Media 39 7.6 

Father 33 6.5 

Sibling 11 2.2 

Friend(s) 10 2.0 

Stepmother 5 1.0 

Stepfather 3 .6 

Other 283 55.6 

Total Responses 474 100.0 

Note. From Pearson and Dellmann (1997) 

The Pearson and Dellmann (1997) study asked the question, "If you have decided 

on a specific college major, who or what most influenced your choice of a major?" The 

rank order of their responses to this question is presented in Table 5. The results of the 

Pearson and Dellmann study suggest that students are making decisions regarding their 

college major independently. Respondents, when asked who or what most influenced 
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their choice of a college major, most often selected other. When the other response 

was investigated, the researchers found that students identified other as individual 

work experience, his or her academic course work, and personal experiences. Thus, the 

hypotheses concluded that parents are the most influential source when children are 

making decisions regarding the status positions they aspire to achieve as adults (Brittain, 

1963; Chase & Keene, 1981; Davies & Kandel, 1981; Marini, 1978; Smith, 1981), which 

cannot be generalized to students entering college presently. 

The only variable in the college-major-decidedness profile that produced 

significant group differences was gender, this supports a study by Thomason and Winer 

(1994) which showed women as more decided on a college major than men. However, 

the results of this research suggest that women still feel limited in their career choices. 

Pearson and Dellmann (1997) concluded that, "overall, the findings of this research 

underscore the importance of further study on "who or what" influences incoming college 

students' selection of a college major." 

Conclusions From the Literature Review 

The literature identified factors that men and women use in the selection of 

science/engineering-related studies in various college and university communities. 

Significant findings are shown in Tables 1 and 2 that show indicate a difference by 

gender in the factors that influence men and women in the selection of 

science/engineering-related majors. The literature review revealed past factors with which 

women associate themselves more than do men when selecting science/engineering-related 

studies. 
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The literature suggested that the high school experience is one important past 

experience that influences women more than men to select a science/engineering-related 

major. This experience includes (a) science courses taken in high school, (b) high school 

mathematics courses completed, (c) career information given to the student in high school, 

(d) the student's high school academic abilities as related to mathematics and science, and 

(e) vocational interest tests given in high school. 

The literature review indicated that job status/security is another past factor 

influencing women more than men to select a science/engineering-related major. Women 

more than men consider careers in science and engineering to be prestigious. Women 

also consider careers in science and engineering to be stable and to provide a great deal 

of job security. 

Family encouragement is another past factor that the literature suggested as being 

more important to women than men when they select science/engineering-related fields of 

study. This includes encouragement from (a) the father or male guardian, (b) the mother 

or female guardian, (c) an engineer or scientist in the family, or (d) a friend. The literature 

did suggest that family influence on a student's selection of a college major should not be 

generalized to present factors. Present students entering college are making choices of 

majors independently, taking many factors into consideration before selecting schools and 

major areas of study. 

The literature also suggested that women have a past intrinsic interest 

factor that is more important to them than men in their decision to select 

science/engineering-related fields of study. This intrinsic interest includes (a) the 

challenge of the field of science and engineering, (b) the problem-solving aspect of science 
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and engineering, and (c) a desire to be of service to humanity through science and 

engineering. 

The students attending TAMS enroll each semester and have the option at any 

time to leave the academy and return to their home high schools. The literature identified 

present factors that students, both male and female, use when considering continued 

enrollment. These factors include (a) having enough time for study and leisurely 

relaxation, (b) meeting her or his expectations on course work completed, (c) meeting 

personal goals, (d) having the ability to cope with emotional family and social issues while 

attending school, and (e) coping with the impact of scientific laboratory experiences while 

attending classes. 

A conclusion from the literature was that factors used by women to select a 

field of study in science and engineering disciplines are chosen in a male-dominated social 

culture. This cultural environment requires women to leave important parts of their 

identities of femininity and assimilate into a society dominated by masculinity. This 

change in gender identities contributes to the factors identified by women in the selection 

of science/engineering-related fields of study. 

The environment in which women in science/engineering-related fields of study 

find themselves is not a result of tokenism. The lack of female peers in 

science/engineering-related fields does not serve as an environmental factor discouraging 

women from entering the science/engineering-related fields. 



CHAPTER III 

RESEARCH METHODOLOGY 

Method 

This was a comparative study of relationships between gender and a collection of 

factors in decision making. 

Survey Instrument 

The survey used in this study was a modified instrument developed at Michigan 

State University (MSU) as a data-collection instrument for a study about the selection of 

engineering as a career. The study at MSU was conducted by Jackson et al. (1993). 

The MSU survey was found to be reliable. Reliability coefficients were 

reported as follows: Past factors are .83 for high school experiences, .80 for job 

status/security considerations, .81 for family encouragement, .72 for intrinsic interest, and 

.85 for extrinsic considerations. Present factors are .73 for personal/family, .77 for 

meeting self-expectations, and .88 for goal uncertainty. Validity for the MSU survey was 

established through several focus group sessions including pretesting. 

The survey was in two parts. The first part of the survey had 21 questions 

grouped into five past factors. This grouping is shown in Table 6. 
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Table 6 

Grouping of Survey Questions Into Past Factors 

Past factor Question number M* 

High school experiences 12-16 5 

Job security/status 7,8 2 

Family encouragement 17-21 5 

Intrinsic interests 1, 3, 5, 6, 10 5 

Extrinsic interests 2, 4, 9, 11 4 

Note. Survey found in Appendix A. *N = number of questions. 

The second part of the survey has questions grouped into five present factors. The 

grouping is found in Table 7. 

Table 7 

Grouping of Survey Questions Into Present Factors 

Present factor Question nnmher HI 

Personal/family relations 28,32-35,39 6 

Self-expectations 23,29 2 

Leisure time 22,24 2 

Goal uncertainty 25, 26, 30, 31, 38 5 

Laboratory experiences 27,36,37 3 

Note. Survey found in Appendix A. *N = number of questions. 
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Time to complete this study was tested by former TAMS students and found 

to average 15 minutes. Students received instructions from the residence assistants and 

scored the Thurstone scale directly on the survey. 

Population 

The population for this study included all the students attending TAMS on the 

campus of the University of North Texas in Denton. All the students were housed 

in McConnell Hall at the university. 

The students who entered the academy in 1996 scored at least 1000 on the SAT 

before being selected to attend. The students who entered the academy in 1997 scored at 

least 1100 on the SAT before being selected to attend. These students completed a 

required curriculum of University of North Texas courses. They must take two 

semesters of general biology, two semesters of general chemistry, two semesters of 

calculus-based physics, and three semesters of mathematics. 

The academy has spaces for up to 400 students, which are made up of200 first-

year students and 200 second-year students. The academy admits students from large and 

small, public and private high schools in all parts of Texas. 

Sampling Method 

All the students in TAMS had equal opportunity to respond voluntarily to the 

survey. The population size was 380 students, of whom 51% were male and 49%, female. 

The survey was distributed and completed by 303 TAMS students, representing 85% of 

the population attending the academy. 
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Data Collection 

The following procedures were used in this study: 

Step 1: Following the appropriate and necessary approvals, the investigator 

contacted the TAMS Director of Research to solicit assistance in securing TAMS 

staff volunteers to participate in the study. These staff volunteers included the Hall 

Director and Residence Assistants (RAs) of McConnell Hall at the University of North 

Texas. 

Step 2: The investigator met with the Hall Director and planned the following 

steps for data collection. 

Step 3: The 400 surveys were given to the Hall Director for distribution to the 

TAMS RAs. There was an RA assigned to each wing of the dormitory and each RA was 

given enough surveys to distribute in that wing. Each wing had approximately 20 to 40 

students. These surveys were distributed in the middle of the fall semester, 1997. This 

gave the new students sufficient time to have gained experience in their university courses. 

Step 4: The TAMS students meet once each Wednesday evening for a wing 

meeting to receive announcements and other business such as completing surveys. All 

students are expected to attend these meeting. The survey was distributed, filled out by the 

students and returned during one of these wing meetings. All 380 students attended the 

wing meeting and 303 voluntarily participated in the survey. The survey took a maximum 

of 30 minutes to complete. 

Step 5. The RAs returned the surveys to the Hall Director in the same evening and 

the investigator picked up the completed surveys the next day. 
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Procedures for the Analysis of the Data 

The following procedure was used for the purpose of analyzing the data collected. 

Step 1: All subject instruments were hand scored, and each instrument had 

a code attached for tracking purposes. 

Step 2: Following the scoring of all instruments, all data were entered into a 

computer as one record. The data were then visually verified for accuracy of input. 

Step 3: A dichotomous discriminant function analysis was conducted. The 

analysis is a procedure to identify relationships between a qualitative criterion variable 

(gender) and quantitative predictor variables (past factors and present factors). 

Step 4: The analysis of variance (ANOVA) was utilized, with the criterion 

variable of gender and predictor variables being the factors identified in the survey to 

define any significant predictor when the criterion was gender. 

Step 5: The data analysis was conducted using SPSS. Data are reported in 

summary and tabular form in chapter 4. 



CHAPTER IV 

ANALYSIS OF DATA 

Introduction 

In accordance with the purpose of this study, data were analyzed to determine 

whether different factors influenced females and males to select 

science/engineering-related studies at TAMS and to make recommendations. 

The entire population of 380 TAMS students was given the opportunity to 

participate voluntarily in taking the survey. Those participating in the survey numbered 

303 (85%) . A reliability analysis on all items in the survey (N = 39) yielded a reliability 

coefficient of alpha = .8973. 

The dichotomous discriminant function analysis (Tabachnick & Fidell, 1996) was 

conducted on data representing 303 TAMS students (85% of total TAMS enrollment) 

which was made up of 168 (55%) males and 135 (45%) females. 

An analysis of variance (ANOVA) was conducted on the data using weighted least 

squares regression (Myers, 1986), reducing the data to 239 TAMS students, which is 65% 

of the population attending the academy. This population was made up of 145 (61%) 

males and 94 (39%) females. 

The students participating in the survey ranged in age from 15 to 17 years, 

all having an SAT score of over 1000, and all enrolled in the TAMS program at the 

University of North Texas. 
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Discriminant Function Analysis 

Hypothesis 1 states that females and males can be differentiated on the 

basis of the difference in the importance of factors in selecting engineering/science-related 

curriculum as a major field of study in TAMS. 

The factors entered into the discriminant function analysis as in the regression 

model were separated into past and present factors and were statistically analyzed 

separately. The past factors are (a) job security/status, (b) intrinsic interest, (c) high 

school experiences, (d) family encouragement, and (e) extrinsic interest. The present 

factors are (a) self-expectations, (b) laboratory experiences, (c) leisure time, (d) 

personal/family relationships, and (e) goal uncertainty. The discriminant function analysis 

conducted on the data found no significant difference between male or female TAMS 

students in past factors or present factors when making a decision to enroll in 

engineering/science-related fields of study. Table 8 shows the tests of equality of group 

means for past factors, which found no significance among factors. 

Table 9 is a summary of the canonical discriminant functions for past factors, 

which found that there was no significant relationship among past factors with respect to 

gender. The structure matrix is pooled within-groups correlations between discriminating 

past factors and standardized canonical dicriminant functions. Standardized canonical 

discriminant functions coefficients are ordered by absolute size of correlation within the 

function. 
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Table 8 

Tests Of F,duality of Group Means for Past Fartnrs 

Factor 
Wilks 
Lambda df l d £ Sig. 

Extrinsic interest .995 1.371 1 301 .243 

Family 
encouragement 

.999 .225 1 301 .636 

High School 
experience 

.998 .546 1 301 .461 

Intrinsic interests 1.000 .061 1 301 .806 

Job security/status .998 .520 1 301 .471 

Table 9 

for Past Fartr»r«! 

Factors 
Structure 
matrix 

Standardized 
canonical discriminant 
function coefficients 

Extrinsic interest .708 .894 

Family encouragement -.287 -.716 

High school experiences .447 .454 

Intrinsic interest .149 -.266 

Job security/status .436 -.004 
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Table 10 shows the tests of equality of group means for present factors, which 

found no significance among factors. 

Table 10 

Factor 
Wilks 
Lambda E d£L Sig. 

Goal uncertainty .989 3.244 1 301 .073 

Laboratory 
experience 

.997 .842 1 301 .360 

Leisure time .994 1.921 1 301 .167 

Personal and family .996 1.208 1 301 .273 

Self-expectations .983 5.110 1 301 .025 

Table 11 is a summary of the canonical discriminant functions for present factors 

which found that there was no significant relationship among past factors with respect to 

gender. Structure matrix is pooled within-groups correlations between discriminating 

present factors and standardized canonical dicriminant functions. Standardized canonical 

discriminant functions coefficients are ordered by absolute size of correlation within the 

function. The ordering of coefficients was done to establish a discriminant function 

prediction equation to provide a method to predict to which group, male or female, a 

student would belong. There was no significance among factors, no internal correlations 

was found among factors; therefore, there is no prediction equation shown. 
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Table 11 

Summary of Canonical Discriminant Functions 

Factors 
Structure 
matrix 

Standardized 
canonial discriminant 
function coefficients 

Extrinsic interest .708 .894 

Family encouragement -.287 -.716 

High school experiences .447 .454 

Intrinsic interest .149 -.266 

Job security/status .436 -.004 

Eigenvalue = .009; Wilks Lambda = . 991; Significance = .746. 

Weighted Least Squares Regression 

The discriminant function analysis on the data did not find any differentiating 

correlation or significance within past factors or present factors; therefore, a 

six-dimensional, weighted least squares regression was conducted on the data. The 

regression model in Table 12 was used to find whether females and males could be 

differentiated on the basis of the difference in the importance of factors in selecting 

engineering/science-related curriculum as a major field of study. 

The regression model summary for the past factors are shown in Table 12. 
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Table 12 

Regression Model Summary for Past Factors 

Std. error 
Adjusted of the 

Model E E Square E square estimate 

1 .276 .076 .056 .9672 

Note. Predictors: (constant), job security/status, intrinsic interest, 

high school experiences, family encouragement, external interest; 

Dependent Variable: Gender; weighted least squares regression - weighted by 

WGT_4. 

The results of the analysis of variance (ANOVA) on past factors are found in 

Table 13. The predictors are the past factors, and the analysis yielded an E = 3.860, with a 

significance of p < .05. 
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Table 13 

ANQVA for Past Factors 

Model 
Sum of 
squares df 

Mean 
square E Sig. 

Regression 18.056 5 3.611 3.860 .002 

Residual 218.906 234 .935 

Total 236.963 239 

Note. Predictors: (constant), job security/status, intrinsic interest, 

high school experiences, family encouragement, external interest. 

Dependent variable: gender; weighted least squares regression - weighted by 

WGT4. 

The coefficients for the weighted least square regression, weighted by four 

interations, are found in Table 14. Two of the past factors were found to be significant 

when the dependent variable was gender. Those factors are extrinsic interest (i = -2.771, 

p < .05) and intrinsic interest (£ = 2.605, p < .05). 
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Coefficients for Weighted Least Square on Past Factors 
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Unstandarized 
coefficients 

Model E Std. error 

Standardized 
coefficients 

Beta t Sig. 

1 (constant) .832 .221 3.723 .000 

Extrinsic interest -.124 .045 -.266 -2.772 .006* 

Family 
encouragement 

6.198E-02 .024 .198 2.605 .010* 

High school 
experiences 

-2.61E-02 .037 .054 -.705 .481 

Intrinsic interest 2.873E-02 .042 .049 .689 .492 

Job security/ 
status 

-7.51E-03 .035 .021 -.214 .831 

Note. Dependent variable: gender; weighted least squares regression - weighted 1 

WGT4. * p < .05 

The residual statistics for the past factor regression are found in Table 15. 
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Table 15 

Residuals Statistics for Past Factors 

Minimum Maximum Mean 
Standard 
deviation N 

Predicted 
value .1136 .8446 .4124 .1357 239 

Standard 
error of 
predicted 
value 

3.642E-02 .1277 7.316E-02 1.923E-02 239 

Adjusted 
predicted 
value 

.1211 .8354 .4134 .1352 239 

Residual .7326 .8056 .4132 .1352 239 

Mahal, 
distance .386 15.783 4.979 3.121 239 

Cook's 
distance .000 .018 .004 .003 239 

Centered 
leverage 
value .002 .066 .021 .013 239 

Hole. Dependent Variable: gender; weighted least squares regression - weighted by 

WGT4. 

The present factors included (a) goal uncertainty, (b) self-expectations, 

(c) personal/family relationships, (d) leisure time, and (e) laboratory experiences. The 

regression model summary for the present factors is shown in Table 16. 
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Table 16 

Regression Model Summary for Present Factors 

Model 

_ J 

Std. error 
Adjusted of the 

R R square R square estimate 

.372 .138 .120 ,9298 

Note. Predictors: (constant), self-expectations, laboratory experiences 

leisure time, personal/family relationships, goal uncertainty 

Dependent variable: gender; weighted least squares regression - weighted by 

WGT5. 

The results of the analysis of variance (ANOVA) on present factors are found in 

Table 17. The predictors are the past factors, and the analysis yielded an F = 7.464, with a 

significance of p < .05. 
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Table 17 

ANOVA for Present Factors 

Sum of Mean 
Model squares df square E Sig. 

Regression 32.265 5 6.453 7.464 .000 

Residual 201.454 234 .865 

Total 233.719 239 

Note. Predictors: (constant), self-expectations, laboratory experiences 

leisure time, personal/family relationships, goal uncertainty; 

Dependent variable: gender; weighted least squares regression - weighted by 

WGT5. 

The coefficients for the weighted least squares regression, weighted by five 

interations, are found in Table 18. Two of the present factors were found to be significant 

when dependent variable was gender. Those factors are goal uncertainty (1 = 2.543, p < 

.05) and self-expectations (1 = 2.927, p < .05). 
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Table 18 

Coefficient,S for Weighted Least Square on Present Far.tnrs 

Unstandarized 
coefficients 

Standardized 
coefficients 

Model a Std. Error Beta t Sig. 

1 (constant) -8.07E-02 .095 -.853 .395 

Goal uncertainty 9.726E-02 .038 .242 2.543 .012* 

Laboratory 
experiences 

-4.36E-02 .034 -.133 1.297 .196 

Leisure time 
experiences 

-5.25E-02 .023 -.018 -.232 .817 

Personal/family 
relationships 

-2.47E-02 .033 -.068 .741 .460 

Self-expectations 
status 

9.429E-02 .032 .286 2.927 .004* 

Note- Dependent variable: gender; weighted least squares regression - weighted by 

WGT 5. * p < .05. 

The residual statistics for the present factor regression are found in Table 19. 
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Table 19 

Residuals Statistics for Present Fartors 

Standard 
Minimum Maximum Deviation N 

Predicted -3.25E-02 .9681 .3930 .1792 239 
value 

Standard 
error of 

predicted 3.703E-02 .1219 7.073E-02 1.619E-02 239 
value 

Adjusted 

predicted -3.43E-02 .9658 .3935 .1796 239 
value 

Residual -.7612 .8172 3.73E-04 .4559 239 

Mahal. 

distance .544 15.620 4.979 2.811 239 

Cook's 
distance .000 .019 .004 .004 239 

Centered 
leverage 

value .002 .066 .021 .012 239 

Note. Dependent variable: gender; weighted least squares regression - weighted by 
WGT 5. 
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Ranking of Mean Values for Females 

Hypothesis 2 states that factors that influenced females attending TAMS to select 

a engineering/science-related curriculum as a major field can be ranked with respect to 

their importance as perceived by those females. Table 20 shows the ranks of past factors 

in descending order by cumulative mean values and reflects the Thurstone scale used on 

the survey. Present factors are found in ascending order, reflecting a reversal of the scale 

used in the survey, as shown in Table 21. 

Table 20 

Ranking of Past Factors as Perceived bv Females 

Attending TAMS 

Factor Mean 

Extrinsic interest 5.06 

Intrinsic interest 4.96 

Job security/status 4.81 

High school 4.30 
experiences 

Family 3.90 
encouragement 

Note. Scores from Thurstone Equal Appearing Intervals; Scale. N = 135 TAMS females. 
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Table 21 

Ranking of Present Factors as PerrHved hv Fpmaipft 

Attending TAMfl 

Factor Mean 

Laboratory 2.72 
experiences 

Personal/family 3.10 
relationships 

Goal uncertainty 3.92 

Self-expectations 4.15 

Leisure time 4.22 

Note. Scores from Thurstone Equal Appearing Intervals; Scale. N = 135 TAMS females. 

Table 21 shows the present factor, laboratory experiences, as the least problematic 

for females in the decision to enroll at TAMS. The present factor, leisure time, is shown 

to be the most problematic factor for females in their decision to enroll in TAMS. 

Ranking of Mean Values for Males 

Hypothesis 3 states that factors that influenced males attending TAMS to select a 

engineenng/science-related curriculum as a major field can be ranked with respect to their 

importance as perceived by those males. Table 22 shows the ranking of past factors in 

descending order by cumulative mean values, and reflects the Thurstone scale used on the 
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survey. Present factors are found in ascending order, reflecting a reversal of the scale 

used in the survey, as shown in Table 23. 

Table 22 

Ranking Of Past Factors as Perceived hv Malpq 

Attending TAM,S 

Factor Mean 

Extrinsic interest 5.14 

Intrinsic interest 5.13 

Job security/status 4.74 

High school 4.41 
experiences 

Family 3.86 
encouragement 

Note. Scores from Thurstone Equal Appearing Intervals; Scale. N = 168 TAMS males. 
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Table 23 

Ranking of Present Factors as Perceived hv Males 

Attending TAMS 

Factor Mean 

Laboratory 2.38 
experiences 

Personal/family 2.60 
relationships 

Self-expectations 3.17 

Goal uncertainty 3.18 

Leisure time 3.52 

Note. Scores from Thurstone Equal Appearing Intervals; Scale. N = 168 TAMS males. 

Table 23 shows the present factor, laboratory experiences, as being the least 

problematic for males in the decision to enroll in TAMS. The factor, leisure time, is 

shown to be the most problematic present factor for males in their decision to enroll in 

TAMS. 



CHAPTER V 

SUMMARY OF FINDINGS, CONCLUSIONS, AND RECOMMENDATIONS 

This study sought to determine whether different past or present factors influenced 

female and male TAMS students to enroll in engineering/science-related studies at the 

academy. The factors identified were analyzed in order to make recommendations for 

future studies and to encourage recruitment of students into the 

engineering/science-related curriculum as a major field of study and, subsequently, a 

career in science or engineering. 

The study population was made up of all the students enrolled in TAMS during the 

fall semester of 1997. These students are academically gifted, achieving a minimum SAT 

score of 1000 in the 10th grade. The academy enrollment process attempts to place only 

students who have selected TAMS as a personal choice. The students are aware that the 

curriculum at TAMS is a science/engineering-oriented curriculum. However, 5 students 

identified in the population who selected TAMS for other reasons than curriculum, and 

although those 5 students participated in the survey, they were not included in the study. 

The population is housed in one dormitory, with females and males assigned to separate 

building wings supervised by resident assistants (RAs). The RAs distributed and collected 

the survey during a periodic building wing meeting. 

The survey was completed 2 months after the beginning of the fall semester of 
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1997 in order for the 1st year students to develop a perspective about the present factors 

in the study. Because these students are mainstreamed into the university classes, the 

midterm timing allowed the 1st year students to experience university classes, older 

classmates, and university laboratories. 

Summary of Major Findings 

The major findings of this study are as follows: 

1. There was no difference between female students and male students concerning 

past factors and present factors that influenced them to enroll in TAMS. Neither 

discriminant function analysis nor the regression analysis could significantly establish any 

relationship that could predict a student to be either female or male with respect to factors 

that influenced them to enroll in a curriculum of science/engineering. 

2. Past factors that females attributed to their enrollment in TAMS from most 

important to least important included (a) extrinsic interest, (b) intrinsic interest, (c) job 

security/status, (d) high school experiences, and (e) family encouragement. 

3. Present factors that females attributed to their enrollment in TAMS from least 

problematic to most problematic included (a) laboratory experiences, (b) personal/family 

relationships, (c) goal uncertainty, (d) self-expectations, and (e) leisure time. 

4. Past factors that males attributed to their enrollment in TAMS from most. 

important to least important included (a) extrinsic interest, (b) intrinsic interest, (c) job 

security/status, (d) high school experiences, and (e) family encouragement. 

5. Present factors that males attributed to their enrollment in TAMS from least 

problematic to most problematic included (a) laboratory experiences, (b) personal/family 
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relationships, (c) goal uncertainty, (d) self-expectations, and (e) leisure time. 

Discussion of Findings 

The study found no differentiation between females and males when selecting 

science/engineering as a field of study and was consistent with the Pearson and Dellmann 

(1997) study, which suggests that students are making independent decisions regarding 

their majors. This independence is found in the lack of significance given any influential 

factor. The continuous filtering process in the regression procedure, before any 

significance could be approached, reflected a large number of outliers. The lack of 

continuity is another indication that the responses of the TAMS students to the answering 

the questions on the survey demonstraed their independence. 

The TAMS population was selected by a strict set of criteria. The selection 

process included a recommendation by a mathematics teacher, a science teacher, a 

counselor, and an English teacher and required the support of the student's parents or 

guardian. Each student was required to pass a rigorous interview process of academic and 

psychological testing. 

Enrollment in TAMS is limited and restricted. TAMS requires a high standard 

of academic excellence and citizenship as reflected by a committee-oriented selection 

process. This process and the above factors support the concept that there should be 

little difference in students attending TAMS with regard to purpose and goal. The 

findings suggest that students, regardless of gender, came to TAMS for the same 

reasons and were influenced by the same factors. 

The discriminant function analysis was unable to answer the question about 
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whether the factors (predictors) used in this study could be combined to predict group 

membership. The analysis suggests that the TAMS selection process produced a 

population in which the difference in factors (predictors) used was not large enough to 

reliably separate groups on the basis of those variables. The inability to classify cases into 

groups was not due to unequal sample size. The discriminant function analysis is highly 

sensitive to outliers. The process on the TAMS data demonstrates this problem with the 

elimination of 64 (21%) of the total participating population. 

The ranking of means suggests little difference in the way females and males in 

TAMS view factors that influence them in their decision to enroll in the academy. 

Females and males ranked past factors the same. The only difference between the 

rankings of present factors was that males found self-expectations to be more problematic 

than goal uncertainty, whereas females found goal uncertainty to be more problematic than 

self-expectations. 

The highest past factor mean value (M = 5.06 for females, M = 5.14 for males) 

given by both females and males attending TAMS is extrinsic interest. The students at 

TAMS felt that they were influenced most by salaries, job prospects, opportunities for 

advancement /promotions, and the flexibility found in the science/engineering careers. The 

mean value given by females and males only differed by only .08, with the males feeling 

stronger toward the extrinsic interest than did the females. 

The next past factor mean value below extrinsic interest was intrinsic interest (M = 

4.96 for females, M = 5.13 for males). The students in TAMS felt there was a challenge 

to engineering/science-related studies. The students in this study liked the 
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problem-solving aspect of the science/engineering field. Independence of work and 

interest in the opportunity to help other people through science and engineering influenced 

the TAMS students. There was a . 17 difference in the mean, showing that males felt 

stronger about intrinsic interest than did females. 

Less influential for both males and females attending TAMS is job security and job 

status, as reflected in this past factor (M = 4.81 for females, M = 4.74 for males). The 

mean values given by females and males were .07, with females more influenced by 

job security and job status than were males in TAMS. 

Females and males in TAMS ranked high school experiences lower than job 

security and job status as a past factor influencing them to enroll in the academy (M = 

4.30 for females, M = 4.41 for males). The students felt that their achievements in 

mathematics and science in high school did not influence them as much as the 

above-mentioned past factors. This past factor also included the vocational interest test 

results given the students while they were attending high school. 

The least influential past factors as perceived by the TAMS students was that of 

family encouragement, which also included encouragement of teachers and friends (M = 

3.90 for females, M = 3.86 for males). The students closely agreed, at only a .04 

difference, with females feeling more influenced than males. 

The mean values given by the TAMS students for present factors indicated that 

none of the factors were much of a problem since the maximum mean valued 

problematic present factor totaled M = 4.22. 

The least problematic present factor mean value (M = 2.72 for females, M = 2.38 
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for males) given by both females and males attending TAMS is laboratory experience. 

This factor included unfamiliarity with the laboratory equipment and the opportunity to 

participate fully in laboratory exercises. Neither males nor females felt this factor to be 

much of a problem in deciding to enroll in TAMS; however, the difference shows that 

females felt this factor to be more a problem than did males by a mean difference of 0.34. 

The next present factor that the students felt was not much of a problem for them 

when choosing to enroll in TAMS, as seen in the mean values (M = 3.10 for females, M = 

2.60 for males), is personal/family relationships. The relationships include family 

problems/responsibilities, social isolation/loneliness, and problems with personal 

relationships. TAMS students differed on this factor by a .50 mean difference, with the 

females finding family relationships more problematic than did males. The TAMS 

organization has several people and resources in place to minimize this problem. 

The males and females varied the most on the next three present factors. The 

females felt that the next present factor in the ranking should be goal uncertainty, meaning 

that they felt goal uncertainty was less a problem than did the males. Males ranked 

self-expectations next. 

Looking first at goal uncertainty (M = 3.92 for females, M = 3.19 for males) mean 

values, it was found that the females found this present factor to be more of a problem 

than did the males by the mean difference of 0.87. Goal uncertainty includes (a)the 

science or engineering program taking more than 4 years to complete, (b) meeting of 

one's personal goals, (c) uncertainty about career goals, (d) uncertainty about personal 

goals, and (e) adequacy of career counseling. 
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Self-expectations was the present factor that males found to be less problematic 

than goal uncertainty. The mean values (M = 4.15 for females, M = 3.17 for males) 

suggested the largest difference between mean values in the study, .98. Self-expectations 

included (a) students feeling pressured to do the best they can in their course work and 

(b) feeling pressured to meet the expectations of the faculty. 

Females and males in TAMS ranked leisure time as the most problematic present 

factor. They differed on the mean values (M = 4.22 females, M = 3.52 males) by 0.70, 

with females finding leisure time more problematic than did males. Leisure time includes 

having enough time for a social life and relaxation. The TAMS curriculum is demanding 

and requires many laboratory hours, as well as class and study time. There is little time for 

social life or relaxation, as perceived by the TAMS students. 

Conclusions 

Based on the methodology and findings, the following is concluded, concerning 

the hypotheses of this study: 

HI is not true. Females and males cannot be differentiated on the basis of the 

difference of important factors in selecting engineering/science-related curriculum as a 

major field of study at TAMS. 

H2 is true. Factors that influence females attending TAMS to select a 

engineering /science-related curriculum as a major can be ranked with respect to their 

importance as perceived by those females. 

H3 is true. Factors that influence males attending TAMS to select a 

engineering/science-related curriculum as a major can be ranked with respect to their 
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importance as perceived by those males. 

There is no evidence in this study to suggest a gender difference in reasons for 

enrolling in TAMS. There is evidence that females and males rank factors in this study the 

same. 

Discussion of Conclusions 

The lack of evidence to support a gender difference associated with enrollment is 

consistent with social roles analysis of gender differences (Eagly, 1987). Eagly found 

that social roles, including occupational roles, are more important than gender in 

determining individual differences. 

In the study on engineering resistance (Jackson et al., 1993), few factors 

distinguished between women and men who persisted in engineering or between 

females and males who did not persist in engineering. The survey used in this study is a 

modification of the survey used in the Jackson study, and the results are much the same; 

no factors distinguished between females and males who enrolled in TAMS. This 

comparison is made on the basis of the demonstrated persistence of the TAMS student. 

The return student and retention rate in TAMS is close to 100%, according to student 

records. 

The importance of social and occupational roles to TAMS students is evident in 

their ranking of factors. Both females and males in TAMS ranked job prospects, 

opportunities for advancement/promotions, and flexibility in the science/engineering 

careers the highest among all factors. Helping people through science and engineering, as 

well as job security and status, are ranked high for TAMS students. 
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Paglin and Rufolo (1990) found that choice of a major by undergraduates was well 

predicted by the pattern of abilities measured by the verbal and mathematical sections of 

the SAT. TAMS students, both female and male, score high, both on the verbal and the 

mathematical sections of the SAT, at an early age. 

TAMS comprises a select group of females who on several factors (scores on 

SAT, mathematical ability, and academic achievements) are similar to the males enrolled in 

TAMS. These students are not typical of the majority of persons in their age category. 

Thus, females and males exhibit the entry norms, because of selection, that facilitate their 

socialization and education into roles as scientist, engineers, and mathematicians. 

Paglin and Rufolo (1990) also found that math-intensive occupations such as 

engineering command higher salaries than language-intensive occupations. Statistically 

controlling for sex differences on mathematics or quantitative sections of the SAT or 

GRE, respectively, eliminated the sex difference in wage earnings. Both females and 

males enrolled in TAMS named high salaries as one of the highest ranked factors. 

A study (Humphreys, Lubinski, & Yao, 1993) suggested that many girls can 

develop the mathematical abilities needed to enter math-intensive fields. It is unlikely, 

given the sex differences in complex spatial abilities, that a 1:1 ratio of males to females 

entering and excelling in math-intensive areas, particularly in societies in which females 

and males choose their own occupations. The ratio in TAMS is close to 1:1 male to 

female, suggesting the high level of selectivity associated with enrollment in TAMS. The 

equality in the ratio of males to females in TAMS is based primarily on an effort by the 

administration at the academy to keep that ratio close to 50%. This is made possible 
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because there are enough applicants each year to apply selectivity by gender. 

Recommendations and Implications 

The years of preparation in mathematics and science that a student experiences 

before applying to TAMS influence that student toward a career in science and 

engineering. The first implication this study makes is that factors used by students to 

select TAMS are not gender based or that selection removes any existent gender-based 

factors. The 1:1 ratio intentionally maintained by TAMS makes gender itself a factor in 

enrollment. 

There is an implication that the students in TAMS are very much alike with respect 

to the reasons they perceive for enrolling in the academy. This implication raises the 

question of assimilation, as found in the review of literature (Barber, 1995). A study 

concerning the age at which this assimilation into science occurs might be of interest. 

The success of both sexes in TAMS supports the implication that biological 

differences do not necessarily produce educational inequalities. Education seeks to erase 

inequalities, especially in mathematics and science. A study in biological differences and 

educational inequalities would require a strong understanding of biological influences on 

student academic development and how cultural institutions interact with these biological 

influences. 

The equal ratio of males to females in TAMS and the equal criteria by which they 

are selected by the academy imply like motivation and intellectual aspiration. The fact 

that close to half of these students (females) are biologically (gender) different than the 

other half (males) implies that the learning outcomes may be different in a setting of all 
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males or all females. A comparative study of institutions ~ one male, one female — in an 

institution such as TAMS could contribute to the overall study of how students who are 

very much alike except biologically can make a difference in learning outcomes. 

Future gender research on student outcomes in mathematics, science, and 

engineering should consider identifying new factors, different educational environments, 

earlier ages, and selection processes. 



APPENDIX 

TAMS SURVEY 
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Engineering/Science related Technology Survey 

Texas Academy of Mathematics and Science 

1997 

This survey is about the selection of engineering/science as a major field of study. Your 
participation is needed for this survey to be successful. Please read each question carefully 
and give some time and thought to each of your answers. This survey takes about 15 
minutes. All your responses are anonymous and confidential. If you have any questions, 
please contact Robert Burns at metro (972)273-3458. 

The survey is part of an investigation that will be used in a doctoral dissertation at the 
University of North Texas by Robert Burns. 

This project has been reviewed and approved by the UNT Committee for the Protection of 
Human Subjects (817)565-3940. 

You can direct written inquiries to: 

Robert T. Burns 
613 Monterey 
Keller, Texas 76248 

Internet Address: RBURNS@dcccd.edu 

mailto:RBURNS@dcccd.edu
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The Past. A number of factors have been identified that can infiuence a student's decision to 

study engineering/science. How important were each of these factors to you? (Circle a Num er O 

Answer) 
Not Very 
Important 

Very 
Important 

1. Challenge of Engineering/ 
Science related technology 

2. Salary 

3. Liking for problem solving 

4. Job Prospects 

5. Independence of Work 

6. Interest in this Type of Work 

7. Prestige/Status of Engineering/ 
Science related technology 

8. Job Security 

9. Opportunities for Advancement/ 

Promotions 

10. Desire to be of Service to People 

11. Flexibility in Careers 

12. High School Science Courses 

13. High School Math Courses 

14. Career Information in High School 

15. Math/Science Ability 

16. Vocational Interest Test Results 

17. Father's (male guardian)/ 
Encouragement 

18. Mother's (female guardian)/ 

Encouragement 

19. Teacher's Encouragement 

20. Friend's Encouragement 

21. Engineer/Scientist in Family 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

4 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

6 

6 

6 



65 

The Present: For each of the items listed below, indicate how serious a problem this item is for 
you as an undergraduate student. (Circle a Number to Answer) 

Not a serious 
problem 

22. Having enough time for 
leisure activities 

23. Doing as well as I wanted to 
in my course work 

24. Having enough time for 
social life 

25. Program takes longer than 
four years to complete 

26. Meeting my personal 
expectations 

27. Unfamiliarity with lab equipment 

28. Family Problems 

29. Pressure to meet expectations 

of faculty 

30. Uncertainty about career goals 

31. Uncertainty about personal goals 

32. Pressure to meet expectations 

of my family and friends 

33. Family responsiblities 

34. Emotional problems 
35. Social isolation/loneliness 
36. Opportunity to participate 

fully in lab exercises 

37. Not enough time to feel comfortable 
with lab equipment 

38. Adequacy of career counseling 
about engineering/science 

39. Problems with personal relationships 1 

2 

2 

2 

2 

2 

2 

3 

3 

4 

4 

4 

4 

4 

4 

5 

5 

A very serious 
problem 

6 

6 

6 

6 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 
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What were your SAT or ACT scores when you were admitted to TAMS? If you don't remember, 
give your best guess. 

Verbal SAT Quantitative SAT 

What is your sex? Male Female (CIRCLE ONE) 
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