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(ABSTRACT) 

 The purpose of this study was to determine the value of the Non Cognitive Questionnaire 

(NCQ) and the Scholastic Aptitude Test (SAT) in predicting the academic achievement of first 

year female engineering students. Ancis and Sedlacek (1997) studied non-cognitive variables 

with a general population of undergraduate women. Their study validated the NCQ as a predictor 

of academic success for women students. The present study extends the work of Ancis and 

Sedlacek to examine female engineering students, a group for which no similar study has yet 

been published. 

 Participants included 100 female first-year engineering students at a large, public 

Doctoral Research –Extensive institution located in the mid-Atlantic region of the United States. 

By race or ethnicity, the participants were White, Non-Hispanic (81%), Black Non-Hispanic 

(9%), Asian or Pacific Islander (4%), Hispanic or Latino (1%), Non-Resident Alien (1%), and 

Unknown Race or Ethnicity (6%).  

 This study defined academic achievement as first semester Grade Point Average, which 

was used as the dependent variable. Participants completed the NCQ during summer orientation. 

NCQ scale scores and SAT Verbal and Math scores were used as independent variables in a step-

wise regression analysis. 
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 The major finding of this study was that the NCQ scale scores did not add to the 

predictive value of the SAT scores in determining the first semester GPA of female engineering 

students. This was an unexpected finding in light of previous research that had documented the 

value of using non-cognitive variables, and specifically the NCQ, to predict the academic 

success of groups that are a minority in their educational settings. 

 Because the major finding of this study is at odds with a large body of similar studies, the 

most important implications of this study relate to understanding this difference. Included in the 

discussion are questions about the methodology used in previous NCQ studies and about the 

influence of the single institution that has been the site of almost all previous NCQ research. 
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Chapter One: Introduction 

 Women have risen above many historical barriers and are becoming successful 

competitors and contributors in many traditionally male-dominated professions. However, 

women continue to be an underrepresented minority in the fields of science and engineering 

(National Science Foundation [NSF], 2002). Gender ratios in the field of engineering remain 

highly unbalanced, with women making up only 20% of engineering majors and 9% of 

engineering professionals (NSF, 2002).  

National Issues Related to Diversity in Technical Fields 

 The under representation of women and racial and ethnic minorities in science and 

engineering fields has important negative consequences for the United States. These 

consequences relate to the nation’s competitiveness in the global marketplace, its readiness to 

compete in major scientific endeavors of international importance, and its ability to plan 

effectively for workforce development in an era of increasing demographic diversity. 

National success in a global market demands a workforce of individuals who are capable 

of high achievement and have the flexibility to use technological and scientific skills in a variety 

of different contexts (Lucena, 2000; NSF, 2002). People with different talents, perspectives, and 

experiences can produce better ideas and innovations to further advance science and technology 

(NSF, 1998). 

The U.S. has staked much of its international reputation on its position as the leader of 

the world’s scientific community. Efforts to produce more and better trained scientists and 

engineers have existed since the late 1950s in reaction to the Russian launch of Sputnik. As a 

result of these efforts, the U.S. is now recognized internationally as a leader in scientific research 

and technology (Altbach, Berdahl, & Gumport, 1999). Despite the need for graduates in 
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technical fields to support the nation’s scientific goals, attrition is a serious problem in 

engineering curricula, and it is especially a problem for women and students from 

underrepresented racial and ethnic groups (Oakes, 1990).  

In the U.S., approximately 25-30% of all students entering college plan to major in 

science and engineering fields, but only 50% of these students actually complete a science or 

engineering program. Engineering degrees represent only 5% of all bachelors degrees awarded. 

Females and students from underrepresented racial or ethnic groups drop out of engineering 

programs at an even higher rate than majority males (NSF, 2002). 

According to the National Science Foundation (1998), the U.S. must rely on all of the 

nation’s human resources and the talents of all citizens to maintain scientific and engineering 

contributions to this country’s excellence. A diverse and globally oriented workforce of scientists 

and engineers is a strategic goal that will contribute to national achievement in the international 

arena. Well educated scientists and engineers of different genders along with those from various 

racial and ethnic backgrounds can provide the diversity and challenge necessary for national 

success in industry and technology (NSF, 1998).  

The under representation of women and racial and ethnic minorities in science and 

engineering fields is a particular concern for national workforce development planning in the 21st 

century, since changes in the U.S. population show a continuous increase in the number of 

groups traditionally thought of as minorities (American Association of State Colleges and 

Universities [AASCU], 1999). This national trend will decrease the available proportion of 

White males in the workforce and in the engineering profession, and necessitate the recruitment 

and training of a more diversified population into the engineering field (AASCU, 1999; NSF, 

2002). To ensure national success in the technologically oriented global marketplace, colleges 
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and universities must provide a diverse workforce of scientists and engineers who are globally 

oriented (NSF, 1998). 

The increasing diversity of the U.S. population is reflected in the student bodies of 

colleges and universities. During the last few decades there has been an increase in the number 

of students attending institutions of higher education, and the student population on college 

campuses is becoming increasingly diverse. This diversity provides a great resource for the 

various talents and skills needed for successful international competition in science and 

engineering (Gurin, 1999; NSF, 1998).  

Despite the increase in diversity on college campuses, several demographic groups are 

under represented in science and engineering. These include African-Americans, Hispanics, 

Native Americans, and women (Oakes, 1990). Enrollment in science and engineering programs 

is dominated by White and Asian males. Traditionally, these two groups have filled a 

disproportionate share of technical spots in colleges and positions in the workforce (Etzkowitz, 

Kemelgore, & Uzzi, 2000).  

The dominance of White and Asian males in the engineering profession creates a 

perception that highly technical fields exclude minority participants and do not offer the support 

necessary for success. Improving the image of science and engineering will serve and attract all 

citizens with the most talent and creativity regardless of their race or gender. Women and 

members of other minority groups need to see that engineering is an option that is available to a 

variety of people (NSF, 1998).  

Millions of dollars from both public and private funds have been devoted toward 

producing gender equity in science and engineering fields, so far to no avail (Barber, 1995). For 

example, the National Science Foundation is in charge of funding science and engineering 



   4

education in the U.S. and provides insight and direction in science and engineering issues that 

address the needs of the nation. The NSF recognizes that females and students from minority 

groups can contribute to highly technical fields by increasing the absolute number of scientists 

and engineers and also by providing a diversity which can lead to further discovery (Lucena, 

2000). Despite the support and funding of the NSF and other national efforts, the problem of lack 

of diversity in technical fields persists and continues to place the U.S. at a competitive 

disadvantage globally. 

Under Representation of Women in Engineering 

 While the issue of diversity in technical fields includes race, ethnicity, and gender, the 

focus of this study is gender alone and its curricular focus is engineering. According to the 

National Science Foundation (1998) no other scientific field shows a greater disparity in the 

employment and enrollment in college majors between men and women than engineering. In 

terms of employment, women represent about nine percent of the workforce in the engineering 

field (National Science Board [NSB] of the NSF, 2000). The under representation of women in 

science and engineering study has been documented from historical, disciplinary, and cultural 

perspectives. These documents cite similar patterns of low participation and success of women in 

the pursuit of engineering study and practice (NSF, 1998; Oakes, 1990; Rossiter, 1995). 

The number of females enrolled in U.S. higher education overall now exceeds the 

number of male students (Weidlein, 2001). Substantial progress has been made by women in 

pursuit of study in non-traditional majors and careers in traditionally male dominated fields 

(NSB, 2000). In 1995 women earned 73% of the degrees awarded in psychology, 50% in 

agriculture and biological sciences, and 50% in the social sciences. About 33% of the degrees in 

physical sciences, earth and atmospheric sciences, and in mathematics and computer sciences 
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were earned by female students. However, women earned only 17% of the bachelor’s degrees 

awarded in engineering (NSF, 1998). This gender imbalance in engineering suggests that women 

experience barriers to entry and achievement in this field (Astin & Sax, 1996; Seymour & 

Hewitt, 1997). 

Female students in engineering programs function as a minority group (NSF, 1998). The 

minority status of women in science and engineering fields presents a number of challenges to 

female students that are not encountered by the male majority (Kahle, 1996; Levin & Wyckoff, 

1995; Oakes, 1990). To increase opportunity for female students to succeed in engineering 

programs, college administrators need to identify and measure variables that are related to female 

academic achievement in engineering majors. Understanding these variables could lead to better 

admission decisions and also to more effective support programs for women in engineering. 

Cognitive Predictors of Academic Success 

Academic success in college is most often measured by traditional letter grades which 

generate an overall grade point average (GPA). The cumulative college GPA is used as an 

indicator of academic success because it reflects the entire scholastic performance of a student at 

a particular college and within a specific program of study (Burton & Ramist, 2001; Camara & 

Echternacht, 2000).  

Colleges try to admit students who possess characteristics that are indicative of their 

ability to earn passing grades at the institution in their chosen major. Students who lack academic 

ability cannot benefit from the education being offered. Often students’ failure can mean that a 

college program may be admitting students who are not able, or the program may be failing to 

provide necessary support services to those who are able. Therefore, it is in the best interests of 

the institution and the student to assess accurately the applicant’s potential to succeed at the 
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institution (Gutmann, 1987). Specifically, institutions hope to predict the first semester college 

GPA because students who fail during the first semester of college often also fail to continue on 

toward graduation (Astin, 1993; Tinto, 1993). Unfortunately, predicting academic success in 

college is difficult, and students from various backgrounds possess individual characteristics and 

abilities that make this assessment even more difficult (Astin, 1993).  

High school grades provide college admission officers one good indication of student 

academic ability (Astin, 1993). However, they are not necessarily a good means of comparing 

students’ experiences and achievements. This is because high school grades reflect the standards 

and quality of a particular school or school system. These standards differ according to region, 

state, school district, and even individual school. These between-schools differences are not 

reflected in high school grades. Therefore, using high school grades alone does not give 

admission officers a clear indication of how applicants across various educational systems 

compare to one another in ability (Burton & Ramist, 2001). 

To solve this problem, a system of standard examinations was created to provide an 

assessment of the cognitive ability of potential students. These standard tests are offered by 

corporations that are unaffiliated with any educational institution or government agency in order 

to provide a consistent measure by which colleges can compare student ability (Willingham, 

1985; Willingham, Lewis, Morgan, & Ramist, 1990). Standardized tests provide a quantitative 

measure with a focus on student ability in mathematics, analytical reasoning, verbal, and writing 

skills that are not associated with a particular high school curriculum (Etzkowitz et al., 2000).  

Traditionally, institutions rely on the predictive ability of standardized test scores from 

the Scholastic Assessment Test (SAT) or American College Test (ACT), together with the 

student’s high school GPA to determine pre-college cognitive ability. These traditional measures 
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utilize a quantitative, cognitive assessment to predict a student’s college GPA and potential 

academic achievement (Astin, 1993).  

Although SAT scores and high school GPA are significant predictors of college success 

for many students, these predictors are susceptible to non-cognitive variables (Camara & 

Echternacht, 2000). Pre-college abilities and accomplishments are only partially assessed by the 

cognitive measures provided by SAT scores and high school GPA (Astin, 1993; Sedlacek, 1987). 

Determination of student ability needs to be accurate to ensure that all able students are granted 

access into programs where achievement is possible. The increasing diversity within the student 

population can make accurate prediction difficult if the measures of student success have limited 

predictive ability for some groups (Sedlacek, 1987; Tinto, 1993).  

Recent research on student academic success has challenged the traditional cognitive 

predictors by suggesting that these measures account for only 25% of college academic 

performance (Mouw & Khanna, 1993). Other studies demonstrate that academic success in 

college is influenced not only by cognitive ability, but also by non-cognitive variables as well 

(Astin, 1993; Pascarella & Terenzini, 1991; Volet, 1997). The traditional cognitive measures, 

SAT scores and high school GPA, have not been found to be significant predictors of non-

cognitive ability in college (Camara & Echternacht, 2000).  

 Controversy continues over whether the standardized tests are fair to students from 

populations other then the male majority. Supporters argue that the tests are a common and 

objective measure that helps to identify students from various backgrounds who are capable of 

succeeding in college (Camara & Echternacht, 2000). Critics assert that the assessment provided 

by the standardized tests is culturally and educationally inappropriate for females and students 

from racial and ethnic minority groups. The test scores are supposed to identify the different 
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abilities of individuals, but averages do not reveal these differences (Burton & Ramist, 2001; 

Fleming & Garcia, 1998). 

According to predictions made by traditional cognitive measures, both male and female 

students admitted into engineering programs demonstrate high ability to achieve academically 

(Astin, 1993). However, students who are members of a minority group often encounter a bias in 

the predictive ability of traditional cognitive assessments that does not exist for students in 

majority groups. The bias is the result of cultural differences that exist for minority groups 

(Burton & Ramist, 2001; Tracey & Sedlacek, 1987).  

Existence of gender differences that affect male and female academic performance 

suggests that the predictors of academic success may also be susceptible to gender influences 

(Ancis & Sedlacek, 1997). The design of the SAT was based on the White male student and 

there is evidence to suggest that it may not be as valid a predictor for females or students from 

racial and ethnic minorities. Existing evidence shows that gender bias in the SAT and other 

standardized tests may give males the advantage of scoring higher on the exam over females 

(American Association of University Women [AAUW], 1992; Kobrin & Milewski, 2002). 

For example, differences persist between females and males in high school course 

preparation. Males still complete more advanced courses in science and math than females. 

These differences affect performance on standardized tests (Burton & Ramist, 2001). Perhaps 

more importantly, when colleges use the SAT to predict the achievement of students in specific 

fields of study, then the use of the SAT is being extended beyond its intended purposes 

(Sedlacek & Adams-Gaston, 1989; Stern & Briggs, 2001; Tracey & Sedlacek, 1989). 

Reliance on the traditional measures as the only predictors of academic success may 

result in disadvantages for the female student. One disadvantage may be in limited access into 
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college or specific college majors. Access to college engineering programs is highly selective. 

Students accepted into engineering programs have relatively high SAT scores and high school 

GPAs (Ludwig, 1995). Additionally, the under prediction of female grades may result in 

decreased opportunity for non-need based financial aid. Lower predictions of success for female 

students may also bring negative reactions from advisors or counselors who may discourage 

female students’ career plans or academic goals (Ancis & Sedlacek, 1997; Burton & Ramist, 

2001; Levin & Wyckoff, 1995).  

Non-Cognitive Predictors 

Researchers have concluded that the SAT and high school GPA have limited predictive 

ability when considered separately, but are most accurate when used together and in conjunction 

with measures of non-cognitive variables (Ancis & Sedlacek, 1997; Burton & Ramist, 2001; 

Larose & Roy, 1995). Including additional measures in the admission criteria may increase 

predictive ability for students who use different skills and behaviors to achieve (Burton & 

Ramist, 2001; Tracey & Sedlacek; 1984). 

Many colleges have acknowledged the importance of non-cognitive variables in their 

admission practices by including essays, interviews, and recommendations among the factors 

that determine admissibility. These requirements attempt to assess the non-cognitive variables 

not measured by SAT scores or high school GPA. These variables can indicate whether or not a 

student possesses the skills necessary for a successful transition to college and to achieve 

academically (Astin, 1993; Pascarella & Terenzini, 1991).  

Efforts have been made by researchers to understand better which non-cognitive 

variables enable a college student to succeed as measured by good college grades and eventual 

graduation. Results of this research have identified certain non-cognitive variables that can lead 



   10

to academic success for all college students. These factors include social and academic 

integration, interaction and experiences with peers and faculty, student demographic 

characteristics, career and vocational goals, and degree of involvement in the institution (Astin, 

1993; Pascarella & Terenzini, 1991; Tinto, 1993; Tracey & Sedlacek, 1984). 

Researchers have attributed the development of these non-cognitive characteristics at 

least in part to pre-college experiences. Such experiences can set the stage for collegiate 

academic success by shaping personal values, skill in interpersonal interactions, socially 

responsible behavior, healthy relationships, intercultural awareness, and career objectives 

contribute to individual ability and skill needed for academic success (Astin, 1993; Pascarella & 

Terenzini, 1991; Tinto, 1993; Tracey & Sedlacek, 1984).  

The characteristics and skills needed for achievement can differ across student 

populations (Ancis & Sedlacek, 1997; Astin, 1993; Fleming, 1984; Tinto, 1993). Results of 

extensive research demonstrate that female students and students in underrepresented racial and 

ethnic groups experience differences in society and education. These differences result in the 

student’s adaptation and development of characteristics in response to the educational 

environment. (Tinto, 1993; Tracey & Sedlacek, 1984). 

Females encounter cultural differences in academic practices of gender bias that often 

require a different set of behavioral responses from those expected of males (Sadker & Sadker, 

1994; Tinto, 1993). Women’s life experience can also shape the non-cognitive characteristics 

they develop (AAUW, 1992; Ancis & Sedlacek, 1997; Fox, 1997; Hall & Sandler, 1982; Sadker 

& Sadker, 1994). In response to gender bias in society and the education system, a female 

student learns to use different characteristics than the male student in order to succeed 

academically (Ancis & Sedlacek, 1997).  
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Several non-cognitive variables have been identified by researchers as predictors of 

female academic achievement and persistence. These variables include family background and 

encouragement, peer support, role models or mentors, self-esteem, leadership roles, locus of 

control, and self-efficacy of mathematical ability (Astin, 1993; Felder, Forest, Baker-Warf, 

Dietz, & Mohr, 1994; Hanson, 1996; Huang & Brainard, 2001; Oakes, 1990; Sax, 1992; Tidball, 

Smith, Tidball, & Wolf-Wendel, 1999). 

Research on men and women who are in science and engineering fields has greatly 

increased the level of understanding of the non-cognitive influences that gender has on success in 

these areas (Astin, 1993; Hanson, 1996; Oakes, 1990). Gender influences which affect academic 

performance for both men and women in engineering majors include such factors as socialization 

of gender role, family background, mathematics and science ability, and educational climate in 

the schools (Etkowitz et al., 2000; Hanson, 1996). 

Since educational differences exist between female and male students, research has 

examined the predictors of academic achievement for possible differences (Ancis & Sedlacek, 

1997; Burton & Ramist, 2001; Levin & Wyckoff, 1994). Recent studies of academic 

achievement in engineering fields have focused on non-cognitive or non-traditional measures 

which may specifically predict female achievement (Astin, 1993; Levin & Wyckoff, 1994, 1995; 

Oakes, 1990). These include gender attributions towards roles and future goals (Hughes, 2002; 

Seymour & Hewitt, 1997), previous math and science ability (Eccles, 1992; NSF, 1998), 

previous culture or environmental experiences in and out of the classroom (Hall & Sandler, 

1982; Sadker & Sadker, 1994), self-efficacy and assertiveness (Astin & Sax, 1996; Sax, 1992), 

family background and support (Hanson, 1996; Levin & Wycoff, 1994), and influential mentors 
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including teachers and advisors (Eisenhart & Finkel, 2001; Levin & Wyckoff, 1994, 1995; 

Seymour, 1995). 

If colleges hope to admit a more diverse student body and promote academic 

achievement for students from underrepresented groups, they must use admission criteria and 

support interventions that are targeted to the characteristics of those students (Ancis & Sedlacek, 

1997; Gurin, 1999). In addition to the traditional cognitive predictors of student academic 

achievement, an assessment of the non-cognitive variables which affect student success may be 

useful. Institutions that base their admission criteria at least in part on the use of non-cognitive 

variables have been able to admit more traditionally underrepresented students into their 

programs (Sedlacek, 1987).  

Researchers have examined non-cognitive variables as predictors of academic 

achievement for females and minority students and found them to be superior to traditional 

cognitive predictors in some cases (Ancis & Sedlacek, 1997; Pascarrella & Terenzini, 1991; 

Tracey & Sedlacek, 1984; 1989). These results support the importance of considering non-

cognitive variables in determining the likelihood of female academic achievement and 

persistence (Astin, 1993; Tidball et al., 1999).  

In addition, assessment of non-cognitive variables can help institutions devise appropriate 

support programs for the students they have already admitted. Since female students and other 

minority student populations have different characteristics from White men, the support that they 

need in education can also be different (Ancis & Sedlacek, 1997; Tinto; 1993). Therefore, using 

non-cognitive measures can aid institutions in graduating a more diverse cohort of engineers, by 

demonstrating the strengths of students who might not otherwise be admitted, and by identifying 

the support programs that some students may need to succeed.  
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Use of the Non Cognitive Questionnaire 

A series of studies has examined the value of eight non-cognitive variables in predicting 

academic achievement. The following non-cognitive variables have been identified through these 

studies to be indicators of student success: (a) positive self-concept; (b) realistic self-appraisal; 

(c) understanding of and the ability to deal with racism; (d) preference of long range goals over 

immediate needs; (e) availability of a strong support person; (f) successful leadership experience; 

(g) demonstrated community service; (h) nontraditional and culturally related knowledge 

acquired in a field along with the ability to demonstrate that knowledge (Ancis & Sedlacek, 

1997; Boyer & Sedlacek, 1988; Fuertes & Sedlacek, 1995; Ting, 2000; Tracey & Sedlacek, 

1984, 1985, 1989).  

Tracey and Sedlacek (1984) developed the Non Cognitive Questionnaire (NCQ) in order 

to assess these eight non-cognitive variables quantitatively. A copy of this instrument appears in 

Appendix A and a complete description appears in Chapter Three. Several studies have 

demonstrated the effectiveness of the NCQ in predicting academic achievement for various 

groups when used in combination with SAT scores (Ancis & Sedlacek, 1997; Boyer & Sedlacek, 

1988; Fuertes & Sedlacek, 1994; Sedlacek & Adams-Gaston, 1989; Ting, 2000; Tracey & 

Sedlacek, 1985, 1989). These studies found that the NCQ may appropriately be used to 

supplement traditional predictors of student ability. 

Studies using the NCQ have examined the ability of the SAT and NCQ to predict various 

forms of academic achievement among African-Americans, Asian Americans, Hispanics, 

international students, student athletes, and female students. These studies have shown that the 

NCQ is most helpful when used with the SAT in predicting the academic achievement of 

students who often experience inequity in a college environment (Ancis & Sedlacek, 1997; 
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Boyer & Sedlacek, 1988; Fuertes & Sedlacek, 1994; Sedlacek & Adams-Gaston, 1989; Ting, 

2000; Tracey & Sedlacek, 1985, 1989). Since evidence exists that female students often 

experience bias or inequity in their educational environment (Fox, 1997; Sadker & Sadker, 

1994), the NCQ can help identify and measure the non-cognitive variables related to a woman’s 

academic achievement.  

One published study has specifically examined the ability of the NCQ to predict 

academic achievement of female students (Ancis & Sedlacek, 1997). Using the GPA of the 

participants as the dependent variable, this study sought to determine the validity of the NCQ and 

the SAT as predictors of women’s achievement throughout college. The results suggest that both 

cognitive and non-cognitive variables significantly predict the GPA of female students in the 

first year and throughout their college years. These researchers found that both verbal and math 

SAT scores were predictive of female student success. In addition, they found that community 

service activities, realistic self-appraisal, nontraditional knowledge, successful leadership 

experience, and having a strong support person were significant non-cognitive predictors of 

female academic achievement (Ancis & Sedlacek, 1997).  

This research demonstrates that in addition to traditional cognitive measures, examination 

of non-cognitive variables can help predict the academic achievement of female students. The 

results of such an examination can also aid in developing effective educational interventions that 

may lead to increases in academic achievement and decreased attrition rates for female college 

students (Ancis & Sedlacek, 1997).  

A lot is known about the value of the NCQ when used with the SAT as a predictor of 

academic achievement for a variety of minority populations. Ancis and Sedlacek (1997) studied 

non-cognitive variables with a general population of undergraduate women. Their study 
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validated the NCQ when used with SAT scores as a predictor of female academic success. 

However, there is no specific information about the value of the NCQ as a predictor of academic 

achievement specifically for the minority population of female engineering students. The present 

study extends the work of Ancis and Sedlacek (1997) to examine female engineering students, a 

group for which no similar study has yet been published. 

Purpose of the Study 

The purpose of this study was to determine the value of the NCQ and SAT in predicting 

the academic achievement of first year female engineering students. The participants’ first 

semester GPA was used as the dependent variable. The study was guided by the following 

research question: What are the contributions of each NCQ scale score, the SAT Math score, and 

the SAT Verbal score in explaining the variance in female engineering students’ first semester 

GPAs? 

Definitions 

 The following terms will be used throughout the study and are defined below: 

Academic success. In this study, the concept of academic success is determined by the 

persistence of a student within a collegiate institution with a specific grade point average (GPA). 

For the purposes of this study, students who are academically successful in college are those with 

a 2.0 GPA or above.  

GPA. The definition of grade point average (GPA) in this study is based on the work of 

Astin (1993) who identifies GPA as a final grade used to evaluate performance. This grade 

evaluates many performances and achievements. It is a measure that is taken over a period of 

time and not just one instance. Additionally, the GPA is not only a measure of individual 

learning, but also a way to compare one student’s performance against another.  
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The current academic policy set by the institution where this study was conducted 

determined the GPA of the participants. In this system the GPA is computed by dividing the total 

number of credits earned by the total number of hours attempted at the institution, except for 

courses that are taken on a Pass/Fail basis. This institution uses the credit hour as its unit of 

credit. To earn one credit in a term, the student is expected to spend three hours each week in the 

classroom or laboratory. Currently, the minimum standard for academic good standing is a 

cumulative GPA of 2.0. Table 1 displays the grade points earned for each letter grade at this 

institution.  

Non-Cognitive Variables. The definition of non-cognitive variables used in this study is 

based on the work of Tracey and Sedlacek (1984). In this study, non-cognitive variables refer to 

those non-intellectual aspects of student’s personality which influence learning, such as affect 

and motivation. Non-cognitive variables are measured in this study using the NCQ. 

Setting 

 The setting for this study was a large Doctoral Research-Extensive institution located in 

the mid-Atlantic region of the United States. The institution is a publicly supported, 

comprehensive, land-grant university located in a rural setting. It offers 200 degree programs and 

has more than $150 million in research expenditures every year (White, 2000). The university 

enrolls about 28,000 students. In 2001, 59% of undergraduate students were male and 41% were 

female. By racial or ethnic category, undergraduates were 81% White (non-Hispanic), 7% Asian 

or Pacific Islander, 5% Black (non-Hispanic), 3% non resident aliens, 2% Hispanic, 2% race or 

ethnicity unknown, and less than 1% American Indian or Alaskan Native (Office of Institutional 

Research and Planning Analysis, 2003).  
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Table 1 

Letter Grades Associated with Grade Points         

 

Letter Grade     Grade Points For Each Semester Hour 

 

A      4.0 

A-      3.7 

B+      3.3 

B      3.0 

B-      2.7 

C+      2.3 

C      2.0 

C-      1.7 

D+      1.3 

D      1.0 

D-      0.7 

F      0.0       
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Significance 

 This study is significant because of the value that it has for research. The scholarly 

literature is rich with studies that address the issues involved in the participation of women in the 

sciences and engineering. There is also a growing body of literature about the value of non-

cognitive variables to predict academic success for certain groups. This study will bring together 

these two important lines of research in an area of national concern.  

 Future women engineering students will benefit from this study since it will provide 

evidence of the best predictors of their academic success in a highly selective curriculum. If 

secondary school personnel use the results of this study to improve their curriculum, admissions 

officers use the results to aid in their admissions decisions and financial aid incentives, and 

engineering faculty and administrators use the results to devise appropriate support programs, 

then women will be more likely to be admitted and to graduate in engineering. 

 Ultimately, this study may have national significance if its results are used improve the 

admission and graduate rates for women in engineering programs. Such a change would lead to 

increased diversity of the workforce in technical fields, to improved ability of the U.S. to lead 

scientific endeavors of major international importance, and to improved national competitiveness 

in the global marketplace. 

Organization of the Study 

 The study is reported in five chapters. Chapter One introduced the study and its purpose, 

the research questions, selected definitions, and the expected significance of the study. Chapter 

Two examines the literature available on the variables associated with the academic success of 

female engineering students, the relationship between cognitive and non-cognitive variables and 

academic success, traditional and non-traditional predictors of academic success, and the use of 
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the Non-Cognitive Questionnaire (NCQ). Chapter Three describes the methods used in the study, 

including sampling, data collection, and data analysis techniques. Chapter Four reports the 

results of the study, which are followed in the final chapter by a discussion of those results and 

their implications.  
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Chapter Two: Review of the Literature 

The discrepancy between the number of degrees awarded to females in engineering and 

the number awarded in other fields has caused educators to examine the reasons why females 

tend not to succeed in this field of study (NSF, 1998). In response, researchers sought to discover 

the barriers and motivating factors associated with academic achievement by female students 

(Fass, 1991). To address these factors, scholars have examined both traditional and non-

traditional predictors of academic success. The literature is rich in research on the relevance of 

these predictors to academic success for female students in science and engineering fields (Astin, 

1993; Levin & Wyckoff, 1994, 1995; Oakes, 1990; Sax, 1994; Seymour, 1995; Solomon, 1985). 

Examination of cognitive variables uses traditional predictors of academic success such 

as high school grade point average (GPA) and standardized test scores. Conclusions in the 

research have focused primarily on the relationship of these common cognitive variables to 

academic ability and success (Oakes, 1990). However, predicting female success and persistence 

in an engineering program is much more difficult than predicting female academic performance 

in general, and this has led researchers to conclude that studying non-cognitive variables might 

improve prediction of both academic success and persistence (Levin & Wyckoff, 1994, 1995; 

Oakes, 1990; Solomon, 1985). 

Non-traditional predictors focus on non-cognitive variables such as biographical 

information, attitudes, and personality. Development of these variables is influenced by a variety 

of factors, most notably cultural and societal roles, gender bias and expectations, and gender 

differences in education (Etzkowitz et al., 2000). The literature on women’s choice of an 

engineering major and career often refers to variables such as student attitudes, interests, support, 
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and achievement in mathematics and science as important contributors to the academic success 

of female engineering students (Oakes, 1990).  

Research findings suggest that factors other than academic ability play an important part 

in women’s success in an engineering program (Brainard & Carlin, 2001). Educators recommend 

that a combination of cognitive and non-cognitive variables may provide the best indication of 

female persistence and success in the study of engineering (Levin & Wyckoff, 1995; Oakes, 

1990; Solomon, 1985). However, despite the fact that the success and retention of female 

students in engineering is an issue of national consequence, few studies have examined the 

relationship of both cognitive and non-cognitive variables to female academic success in 

engineering (Levin & Wyckoff, 1995). 

This chapter presents literature on the variables associated with academic success of 

female engineering students, the relationship between cognitive and non-cognitive variables and 

academic success, traditional and non-traditional predictors of academic success, and the use of 

the Non-Cognitive Questionnaire (NCQ).  

Variables That Affect the Academic Success of Female Engineering Students 

Historic gender bias in education. Historically, the role of women in U.S. education 

developed differently from that of men. The origins of education in the United States, in the 

colonial period, saw institutions that were founded and formed by prestigious White men for the 

education of young White males. Those who were educated had professional and career 

opportunities that were not available to women. At that time, the cultural need was to educate 

White men in order to continue the traditions of the church and current politics. Since females 

were not permitted to officiate in the church or in politics, there was no need for them to be 

educated (Fox, 1997).  
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Throughout the 1700s women were viewed as morally and intellectually inferior and 

education for the great majority of women was limited to the domestic skills that they learned at 

home. Late in the 1700s education was available to a very small number of women from wealthy 

families. Receiving instruction was not easy even for these select females. They were instructed 

for short periods of time on days when it was inconvenient for boys to attend (Fox, 1997; Sadker 

& Sadker, 1994). 

Early in the 18th century public demand lead to the establishment of separate schools for 

women so that they could become better teachers to their children. Female interest in education 

was so strong that not all female students could be admitted to the new schools. Limited funds 

and classroom space for women in these segregated schools forced the opening of coeducational 

schools that provided instruction below the college level. Strong public criticism arose against 

educating both males and females in the same classrooms. Some members of society argued that 

societal values and morals would deteriorate in a mixed classroom and female students should 

only be encouraged to pursue traditional roles (Sadker & Sadker, 1994).  

By the 1820s, in response to the criticism of coeducation, schools with a religious 

affiliation began to open for women. These schools were known as seminaries where female 

students were provided a curriculum of instruction in domestic necessities, basic grammar, and 

arithmetic. Education in seminary school provided women with instruction on how to be a proper 

wife and mother and a traditional member of society with strong moral values (Sadker & Sadker, 

1994).  

These seminaries of the early 1800s began to nurture women's educational aspirations 

and teach them somewhat more than home economics. Many of the female graduates of these 

institutions became teachers. The public came to recognize the value of women as educators of 
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young men who would lead a newly formed nation. Women were particularly valuable as school 

teachers because they would accept lower pay than men. Instruction in the seminaries supported 

the role of women in education and provided a basis for higher education for women (Fox, 

1997).  

In the 19th century, administrators in higher education recognized a need for a domestic 

labor force in the totally male institutions. Women were seen as a solution to the domestic needs 

of the colleges. Oberlin was the first college in the U.S. to admit female students but only 

permitted them to attend classes on specific days so that they could spend time working in 

domestic labor for the male students who were enrolled in regular college level courses (Fox, 

1997; Goree, 1993).  

Soon after female students were admitted to Oberlin, other small church related colleges 

began to admit women. Although the female students performed as well as males in the 

classroom they were not able to receive a degree. They were only permitted to enroll in high 

school and special preparatory classes. It was not until the middle of the 19th century, almost 200 

years after the first college in the nation was opened to men, that women began vocally to 

demand and gradually to receive places in institutions of higher education. In 1837 the first 

college degrees equal to those received by men, were granted to women (Goree, 1993). 

The Civil War marked a period where national concerns encouraged educational policy 

change. During the Civil War male enrollment in higher education declined, and economic 

concerns expanded educational opportunity to women. In order to survive, institutions that were 

traditionally male began to admit women. The high casualty rate and economic devastation 

caused by the war meant that women needed vocational training so that they could find 

employment (Fox, 1997; Goree, 1993).  
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In the period following the Civil War, institutions offering higher education to women 

were established. Many of these institutions were founded to accommodate the growing number 

of women who wanted a higher education while keeping them separated from men. Later, state 

agencies charged with regulating and funding education realized that it was cheaper to admit 

women to coeducational institutions than it was to operate separate institutions for them. 

Regardless of the institution, women were finally able to receive an education that was modeled 

on classical and literary curriculums characteristic of a liberal arts education, as well as 

vocational training. Women recognized that a higher education could open the doors to many 

occupations and even tried, unsuccessfully, to obtain degrees from graduate and medical schools 

(Fox, 1997; Goree, 1993).  

In this period of the 19th century, institutions of higher education, known as normal 

schools, were established to train men and women as teachers in the growing public education 

system. Although these schools did not provide an education equal to that of a college, they 

increased the educational aspirations of their female students. The normal schools and female 

teachers were supported by the new nation because of economic benefits to the country. Not only 

were the schools well funded, but female teachers continued be paid much less than male 

teachers and education costs could be greatly reduced (Fox, 1997; Goree, 1993). 

Following the Civil War, the U.S. government approved The Morrill Land Grant Act. 

This policy provided greater opportunity for students to enroll in higher education, including 

many women who had not previously had access to education. In approving the Morrill Act the 

government recognized the need for a large number of highly trained and skilled workers that 

would contribute to the good of the nation. National concerns indicated a need for well-educated 

citizens who would advance technology, increase the production and quality of crops, and 
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provide community services. Land Grant institutions were forming in many states in response to 

the national need to provide greater access to education in agriculture and mechanical arts to a 

wider population of students. The establishment of the state Land Grant colleges and universities 

contributed to the educational opportunities offered to females and other students of racial and 

ethnic minorities (Gehring, 1998). 

Late in the 19th century, despite many advances for women, many obstacles to their 

education remained. Societal critics of women’s education held the opinion that women should 

not be educated along with men. Female students who did pursue an equal education at a co-

educational institution often faced hostility from professors, administrators, and male classmates 

(Goree, 1993). 

Increased access to state colleges for women did not provide increased acceptance in 

educational programs or society. Through the late 19th century critics asserted that women were 

inferior to men, both physically and intellectually. This group argued that a woman’s health 

would suffer if she were educated the same as the men. Since women were thought to be 

intellectually inferior, it was believed that women could not succeed at advanced collegiate 

study. The fear also existed that the education of male students would be slowed if less advanced 

females were in the classroom (Goree, 1993). 

The traditional societal role of women in the late 1800s was still in opposition to the 

education of women. Society placed a woman’s role in the home and in service to the 

community. Contrary to societal expectations, education provided women with the choice to 

remain unmarried. Strong beliefs existed that a woman who received the same education as a 

man would refuse to accept her appointed domestic responsibilities (Fox, 1997; Goree, 1993). 
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Despite these pressures, an increasing number of women sought enrollment in institutions 

of higher education during the second half of the 19th century. They began to demand and 

gradually to receive placement in even the traditionally male institutions. By the early 20th 

century women aspired to higher education in large numbers, and in the 1920s women 

represented almost half of all enrolled college students (Fass, 1991). 

Early in the 20th century women’s higher education was closely associated with ideals of 

equality and intellect. Women’s schools continued with the mission of providing an education 

equal in quality and in content to that of men. The economic depression in the 1930s and World 

War II created economic demands and brought a variety of educational offerings for women. 

Educational offerings were being designed to meet women’s specific needs in the labor market 

and to provide leadership opportunities. The war resulted in a decrease in the enrollment of male 

students, and females were the majority of all students in higher education by the 1940s (Goree, 

1993). 

Following World War II, during the 1950s and early 1960s, many women were more 

invested in marriage goals than in career goals, and it was not long before the trend in education 

for women shifted from vocation back to marriage and family (Fox, 1997). In the 1950s, the 

prevalent view of female education was that women were receiving more education than they 

seemed to need. Many females viewed their enrollment in college as temporary until they were 

married. Many wanted to have their first child by age 25, and most wanted at least two children 

(Fass, 1991).  

Overall, the enrollment of females in higher education fell to 30%, the lowest of the 

century (Fass, 1991). Female students on campus complained of a dissonance between their 
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education and their future lives as housewives and mothers. This topic became a subject of great 

debate and was often referred to as the female paradox (Fass, 1991). 

The female paradox was evident in the administration and curriculum of women’s higher 

education throughout the 1950s and early 1960s. Some institutions responded by providing 

instruction that pertained to the needs of a family. Others faced the challenge by increasing 

concentration on preparing for a future occupation. Generally, educators pointed out that women 

seeking higher education would always struggle due to the conflict between higher education and 

the desire for motherhood and marriage (Fass, 1991).  

The conflicts experienced by female students in the U.S. would soon become a national 

concern. In the 1950s, the nation was very concerned with international competition in science 

and technology. A national crisis in science and engineering education had been declared in 

response to launch of the Russian space craft Sputnik, and the U.S. did not want to be left behind 

in the space race. One of the demands placed on higher education was to increase the number of 

students enrolled in science and engineering programs in order to provide a highly skilled 

workforce. As the demand increased over time, women were recognized as a resource that would 

increase the supply of highly skilled workers (Lucena, 2000).  

However, female access to certain institutions and many fields of study continued to be 

restricted. During the mid-1960s and into the 1970s, sentiments emerged that promoted ideas of 

academic success versus popularity and career versus marriage. Women began to fight 

discrimination in higher education and employment. The struggle for equality was supported by 

major historical events which encouraged women to speak out for their educational and 

employment rights (Fox, 1997; Lucena, 2000). 
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The most significant event was the passage of the 1964 Civil Rights Act, which 

prohibited discrimination in education on the basis race, color, or national origin. In the early 

1970s, as the U.S. moved toward success in the space program with the Apollo missions, mostly 

White males were highly skilled and highly paid in highly technical positions. American 

minorities criticized high cost government funding of science programs like the Apollo missions 

that did nothing to improve minority representation in science. Members of minority groups 

criticized national policy that used science programs for space exploration while not addressing 

the national need to correct past disparity in educational opportunity, especially in the fields of 

science and technology (Gehring, 1998; Lucena, 2000).  

Throughout the 1970s, minority groups argued that their diverse backgrounds would 

provide intrinsic knowledge valuable to solving many of the nation’s social problems. Policy 

makers agreed that diversity could be valuable and recognized that an increase in the number of 

minority students would lead to an increase of skilled workers. New mandates were implemented 

to provide funding for minorities studying in the sciences (Lucena, 2000).  

The advancements of equal rights for minority groups during the 1960s and 1970s 

increased the vocalization of women’s rights alongside the struggle for civil rights (Fox, 1997; 

Gehring, 1998; Lucena, 2000). Title IX of the Educational Amendments of 1972 prohibited 

discrimination based on gender in educational programs and activities that received federal 

funding. Beginning with this legislation, equal educational opportunities were mandated. 

Officially, the policy requires that all school programs be examined for gender biased 

discrimination. Title IX called for equal treatment in all courses, services, financial aid, and 

employment (Fox, 1997; Gehring, 1998).  
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The impact of Title IX policy has increased access for women into many fields that had 

been traditionally male oriented. It has not reduced informal sources of gender bias in education. 

The policy has been limited in reducing the segregation of male and female students in different 

fields of study. Women continue to be outnumbered and restricted in many areas of scientific and 

technical majors and careers due to patterns of gender bias such as classroom interaction, course 

procedures, and lack of faculty support (Fox, 1997).  

Female students are under represented in the field of engineering. In engineering, only 

17% of the degrees awarded go to women (NSF, 1998). An unequal representation in 

engineering education translates into an under representation of females in the engineering 

profession. As a minority group in the field of engineering, females experience many challenges 

due to differences in background characteristics. The difference between male and female 

participation in the field of engineering has led to increased study of the factors associated with 

academic achievement in engineering programs. These factors include gender differences in 

culture and in education, as well as several cognitive and non-cognitive variables (Astin, 1993; 

Felder et al., 1994; Hanson, 1996; Kahle, 1996; Oakes, 1990). 

Female achievement and persistence in engineering. Although the past few decades have 

seen a great increase in the number of college degrees awarded to women, an under 

representation of females earning degrees in math and science curriculums, and especially in 

engineering, is evident. Currently, the number of women attending college and receiving degrees 

now exceeds the number of men. In 1995 the composition of the U.S. population between the 

ages of 18 to 24 was 49% female. In that same year, women earned 55% of the awarded 

bachelor’s degrees in the U.S. (NSF, 1998).  
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Mathematics and science are two academic areas that require further attention and 

intervention so that female students can succeed and be encouraged to pursue careers in these 

areas (NSF, 2002). In 1995, 46% of the bachelor’s degrees awarded in science and engineering 

were awarded to women. In contrast, 59% of the degrees in non-science and engineering fields 

were awarded to women. When the various fields of science are examined for the participation of 

women, the difference in the degrees awarded in engineering is even more obvious (NSF, 1998).  

In 1995 women earned 73% of the degrees awarded in psychology, 50% in agriculture 

and biological sciences, and 50% in the social sciences. About 33% of the degrees in physical 

sciences, earth and atmospheric sciences, and in mathematics and computer sciences were earned 

by female students. However, women earned only 17% of the bachelor’s degrees awarded in 

engineering (NSF, 2002). 

This trend is often attributed to the notion that at this point in their education females 

choose not to pursue a major or a career in science or technology (Oakes, 1990). A recent study 

shows that only 2 out of 10 female college students choose science or engineering as a major. 

This is compared to the 4 out of 10 male students who are choosing to major in a science or 

engineering field (Barber, 1995).  

Literature on the success and failure of women in the fields of science and engineering 

provides an examination of the problem. Several factors emerge as influences in female choice 

and persistence of engineering as a major field of study in college and as a career. Those most 

often identified in the literature are socialization, education, and preliminary career decisions 

(Hewitt & Seymour, 1991; McIlwee & Robinson, 1992; Oakes, 1990).  

Cultural and educational gender differences. Gender differences in the educational 

experience on college campuses today have much to do with the history of higher education as 
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well as the socialized roles throughout history that men and women played and still play today 

(Fox, 1997). Cultural, social, and economic concerns of the nation have shaped education policy 

in the U.S. from the beginning. In turn, education policy has determined the role of education in 

the nation and defined the roles of those who participate in the educational system (Lucena, 

2000).  

The different language that we use with men and women and the different behaviors that 

we expect from them are a part of our current culture and are reflected in the education of U.S. 

students. This culture was partially formed in history during times when gender discrimination 

was a prevailing factor (Shalom, 1996). Even if gender discrimination is no longer permitted by 

society or politics, the current norms and practices are reflective of the past discriminatory 

practices and beliefs (Shalom, 1996).  

Many educators believe that knowledge is socially constructed (Astin, 1993; Tidball et 

al., 1999). Therefore, knowledge gained through experiences in an individual’s environment may 

be different for men and women due to socially constructed norms of gender specific roles 

(Baxter Magolda, 1992; Belinky, Clinchy, Goldberger, & Tarule, 1986).  

Gender specific roles and stereotypes can greatly influence the educational experiences of 

male and female students (Sadker & Sadker, 1994; Solomon, 1985). Historic cultural and social 

gender roles and stereotypes are transferred to the students through parents and home life, and 

often supported by instructors in the classroom (Sadker & Sadker, 1994; Seymour, 1995). 

Learning the gender expectations of society demonstrates to students that men and women have 

different abilities, interests, and professional choices. An individual learns these stereotyped 

roles and expectations through reinforcement, punishment, modeling, observation of others, and 

direct instruction (Baxter Magolda, 1992; Hewitt & Seymour, 1991; Sadker & Sadker, 1994).  
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Although great progress has been made to overcome the discrimination of the past, 

continuing gender bias in education has nevertheless resulted in educational differences that 

affect the academic achievement and career choices of many women (Noble & Smyth, 1995; 

Tidball et al, 1999). Traditionally, females are expected to enter fields that are supportive, 

clerical, nurturing, and service oriented (Etzkowitz, 2000; Kahle, 1996). The gender bias in 

education creates an impression that math, science, and technical fields are not for females 

(Eccles, 1992; Kahle, 1996; Oakes, 1990).  

Generally, being female is negatively associated with achievement and persistence in the 

study of engineering (Astin, 1993). The minority status of females in the field of engineering is 

most often cited as contributing to females’ not choosing engineering as a major and career path 

(Oakes, 1990). Factors affecting female persistence in engineering include societal pressures and 

opinions that negatively affect females’ pursuit of engineering as a profession. Negative family 

and social views of a woman studying or working in a field which is predominantly male can 

undermine engineering as a career choice for women (Etzkowitz et al., 2000; Rosser & 

Zieseniss, 2000).  

Often the female student decides not to pursue engineering in order to maintain her 

femininity and female social role (Hanson, 1996; Noble & Smyth, 1995). Strong cultural 

definitions of femininity and feminine attributes are contrary to the male dominated world of 

science and engineering professions. Women experience difficulties in a male dominated 

classroom and workplace that lacks female role models and mentors (Hewitt & Seymour, 1991; 

Oakes, 1990; Rosser & Zieseniss, 2000). 

Gender stereotypes create educational differences between male and female students that 

can result in limited educational opportunity for some female students (Oakes, 1990; Sadker & 
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Sadker, 1994). Educational disparity occurs in the home, through interaction with instructors, in 

the structure of the education system, in participation in activities, and in peer acceptance (Eccles 

& Jacobs, 1986; Hanson, 1996; Kahle, 1996; Oakes 1990; Sax, 1992; Seymour & Hewitt, 1997).  

Eccles and Jacobs (1986) state that the masculine image of science and math has usually 

been incorporated by children by the time they reach elementary school through learning that 

takes place from significant others such as the parents. The study further explains that the 

concept of a masculine scientific role is promoted by neglect or discouragement of females 

throughout their educational experience in primary as well as secondary school. The concept is 

reinforced at home through parental perceptions, especially those of the mother, that 

mathematics is difficult and not important for their daughters. Female and male students may 

attend the same schools and take the same classes, but the educational experience is not the same 

for the different genders (Eccles & Jacobs, 1986). 

Family reinforcement and early education. Educational gender bias often starts at home 

through family members who encourage societal traditions of gender expectations in their 

children (Eccles & Jacobs, 1986; Etzkowitz et al., 2000). Parental expectations are usually 

dependent upon the sex of the child, and these expectations may influence future career choices 

(Kahle, 1996; Oakes, 1990). Males are often expected to possess characteristics to be ambitious, 

aggressive, independent, intelligent, and successful; females are expected to be kind, loving, 

nurturing, attractive, and a good wife and mother (Etzkowitz et al., 2000; Kahle, 1990).  

Gender role stereotypes often influence parents’ choice of toys and activities for a child. 

These choices provide different experiences in play and tasks, while encouraging gender specific 

behavior (Kahle, 1990; Oakes, 1990). A male child is more likely to experience more mechanical 

and technical activities in play. The mastery of more complex tasks in play encourages a male to 
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pursue complex and technical study in the future. As a male, the child will play by throwing balls 

and use toy tools, motors, along with toys that allow him to construct things such as building 

blocks and Legos (Kahle, 1990). These and other similar play experiences for a male child 

provide a basic introduction to positive experiences in science and technology (Kahle, 1990).  

If girls are not encouraged to participate in similar play, they do not receive an early 

educational experience that is equal (AAUW, 1992). A female child is more likely than a male 

child to play with dolls, plastic food and dishes, musical instruments, and nurturing toys that 

promote the role of mothering and homemaking (Kahle, 1990). Experiences in play expose a 

female child to subject matter that is more familiar and requires less investigation, reasoning, or 

exploration. Activities encouraged for female children are more relevant to the biological 

sciences than those of the physical and mechanical sciences (Kahle, 1990, 1996).  

Parental influence plays a significant role in math achievement and career aspirations, 

especially in the choice of an engineering career (Blaisdell, 1995; Hanson, 1994). Findings by 

Jacobs, Finkin, Griffin, and Wright (1998) show that an intrinsic value and interest in science for 

females needs to be encouraged and supported by family and peers. Hewitt and Seymour (1991) 

explain that parents are unlikely to provide encouragement needed for their daughters to perform 

well in science. Results of other studies also demonstrate that interest in the pursuit of a science 

or engineering major for a female student is related to positive attitudes of family and peers 

(Hanson, 1996; Oakes, 1990). 

When family members support and encourage the education of a female science or 

engineering student, the student tends to remain in the fields of science and engineering (Astin, 

1993; Hanson, 1996). Family support includes not only encouragement, but also the behavior of 

the parents in terms of level of involvement in their daughter’s education. This parental 
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involvement includes a monitoring of homework, attendance at school conferences, providing 

technical equipment in the home, and holding and encouraging high educational expectations 

(Hanson, 1996; Oakes, 1990). 

Having a father in the home who is highly involved and who encourages a daughter’s 

education is strongly correlated with the level of a female’s science achievement and persistence 

(Astin, 1993; Hanson, 1996; Oakes, 1990). In a study by Hanson (1996) 95% of females who 

pursued scientific study in college reported that their fathers monitored their homework in their 

pre-college experience, in contrast to 75% for females who did not choose to pursue science or 

engineering (Hanson, 1996).  

Other significant family contributions to females’ choice of science or engineering are the 

level of education of the parents and the high status of parental careers. Females who pursue 

study in science and engineering tend to have mothers who have high levels of education and 

who work in professional jobs (Hanson, 1996; Sax, 1992). Findings suggest that females in these 

family environments may have been exposed to less stereotypical expectations through the 

family. As a result, it is likely that they tend to hold less traditional gender views of occupations 

and see less conflict between career choice and home life (Kahle, 1996; Levin & Wyckoff, 1994; 

Oakes, 1990).  

Gender bias in the classroom. Societal influences of gender expectations and limitations 

are reinforced in the classroom through interaction with instructors, curricular materials, and the 

influence of peers (Sadker & Sadker, 1994; Seymour, 1995). Females today still encounter 

various forms of gender differences in education from kindergarten through higher education 

(Kahle, 1996). Classroom differences impact the development of both gender role and self-

concept (Seymour, 1995).  
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Female students often receive faulty feedback in the classroom regarding their academic 

performance (Hall & Sandler, 1982; Sadker & Sdaker, 1994). Faulty feedback at all levels of 

education for females can include disparaging comments from instructors, favoritism toward 

male students, discouragement from academic or career pursuits, and inattentiveness to female 

students in general (Levin & Wyckoff, 1994; 1995). In the classroom, instructors are less likely 

to give their attention to women while focusing more on the men and accepting their responses 

more often (Sadker & Sadker, 1994). 

Several studies have found that gender differences in attitudes, self-confidence, and 

achievement are often the result of disparate treatment of males and females at all grade levels in 

the classroom (Hall & Sandler, 1982; Sadker & Sadker, 1994; Seymour & Hewitt, 1997). This 

disparate treatment often results in unequal experiences by males and females in science, 

mathematics, computer technology, and engineering (Eccles & Jacobs, 1986; Oakes, 1990; 

Sadker & Sadker, 1994). Unequal participation in these fields for female students is often the 

result of the characteristics of the education system, including access to qualified instructors, 

access to the number of math and sciences courses offered, access to resources and equipment, 

and judgments about abilities (Eccles & Jacobs, 1986; Fennema, 1990a; NSF, 1998).  

Reinforcement from instructors. Instructor interaction can encourage the stereotypes of 

society and family (Hanson, 1996; Oakes, 1990). Classroom instructors bring to the classroom 

their own socially influenced expectations of gender appropriate behavior and academic 

achievement. By treating males and females differently, teachers encourage characteristics in the 

males that are generally connected with mathematical achievement, such as acknowledging 

assertive behavior and praising completion of complex tasks which fosters self-confidence and 
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problem solving ability. In general, teachers expect females to be passive and dependent, while 

expecting males to be assertive and competitive (Sadker & Sadker, 1994).  

Studies of gender differences in the classroom illustrate that male students receive much 

more attention and interaction from instructors (Sadker & Sadker, 1994; Tidball et al, 1999). In 

their research, Sadker and Sadker (1994) noted that males are more likely than females to 

interact with instructors. Male students tend to be more vocal in volunteering to answer more 

questions, and are more likely to receive feedback from instructors through praise and criticism. 

Koehler (1990) noted that female students often find that they are not called on in class as 

often as their male classmates. Additionally, their comments are often ignored, and they can be 

over-praised for simplistic answers. In order to gain acceptance from their instructors, intelligent 

female students give up their assertive and risk taking behavior and take on societal gender roles 

of selflessness and cooperation.  

These differences in the classroom may negatively impact the self-esteem and 

assertiveness of the female students (Sadker & Sadker, 1994; Tidball et al., 1999). This disparity 

in the classroom can lead female students to suffer from a lack of access to instruction in the 

classroom. Conversely, gender differences in educational experiences can provide male students 

with greater expectations, encouragement, and opportunity to learn science and math (Eccles, 

1992; Kahle, 1996; Seymour & Hewitt, 1997).  

At the college level a significant amount of research has found that the more frequent 

interaction that a student has with faculty, the more likely the student is to persist (Astin, 1993; 

Pascarella & Terenzini, 1991). Research on gender differences demonstrates that the college 

classroom is not free from gender bias. Instructors are more likely to reinforce and interact with 

male students both in and out of the classroom. For example, professors are less likely to give 
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their time and attention to women, while focusing more on the men and accepting their responses 

more often (Fox, 1997). This bias is one variable that may affect a student’s academic 

achievement (Fox, 1997; Pascarella & Terenzini, 1991).  

Even when student background characteristics and college experiences are held constant, 

student-faculty interaction is positively and significantly correlated with educational aspirations 

and persistence (Pascarella, 1985; Seymour, 1995). Research demonstrates that student behavior 

and achievement are impacted through interaction with faculty behavior norms, values, and 

attitudes. The positive influences of this interaction are enhanced when interaction extends 

beyond the classroom (Pascarella & Terenzini, 1991). 

Self-defined gender roles. The influence of societal gender roles and bias exerts a great 

influence on the identity and self-concept of an individual (Belenky et al., 1986). Females learn 

valuable lessons and develop specific characteristics from their experience in relationships, how 

they deal with crises, and their involvement in community activities (Belenky et al, 1986). 

Differences in self-perceived gender role related skills and major choices between female and 

male students tend to influence future career plans (Eccles, Jacobs, & Harold, 1990).  

When examining students’ choice of major, a gender specific pattern is apparent (Jacobs, 

1986). A concentration of women is found majoring in nursing, home economics, education, 

library science, the social sciences, and the humanities. The majors chosen by male students are 

concentrated in engineering, architecture, the physical and natural sciences, and computer 

science (Kahle, 1996; Solomon, 1985).  

Many students believe that males understand science better than females and that 

studying science is more important and valuable for males than it is for female students (Eccles 

et al., 1990; Hughes, 2002; Solomon, 1985). Females who perceive that the fields of science and 
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engineering are mostly for males or are masculine subjects do not view these areas as relevant to 

their female roles (Barker, 2001; Eccles et al, 1990; Hughes, 2002). 

Females who hold less traditionally defined views of gender role career choice tend to be 

more successful in the non-traditional fields of science and engineering (Barker, 2001; Hanson, 

1996; Hughes, 2002). These females hold a more contemporary view of gender roles and tend to 

have more progressive attitudes toward a females place in society. As a result, these women have 

more interest in education and demonstrate higher academic achievement such as grades, and 

they are also more likely to aspire to non-traditional professions (Astin & Sax, 1996; Hanson, 

1996). 

Astin (1993) explains that one factor positively associated with persistence and success in 

the study of engineering is a student’s choice of engineering as a career goal. The choice to 

major in engineering tends to reflect the value and interest a student has in pursuing a career in 

engineering (Astin, 1993; Hanson, 1996). This positive correlation is supported by research 

conducted by Jacobs et al. (1998), who found that females tend to maintain interest and 

demonstrate success in science when they see an intrinsic value in their pursuit. According to the 

study, there is a strong relationship for female students between the intrinsic value and interest in 

subject matter and choosing a scientific profession (Jacobs et al., 1998). 

Peers. In a classic study, Nevitt Sanford (1966) noted that the ability of a person to 

achieve when faced with a challenge is a function of the amount of support available to the 

individual. According to Sanford (1966) the amount of support found in the peer culture of an 

institution affected the motivation for academic success of female students. His study of female 

students at Vassar College demonstrated that peers influenced career decisions and placed 

limitations on acceptable lifestyles and work ambitions. The peer culture in his study reinforced 
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the norms of society and undermined any impact of the Women’s Rights movement at the time 

(Fass, 1991).  

A study comparing female background characteristics to academic achievement and 

persistence in science and engineering found that a female’s self-rating and concern with social 

popularity among peers was negatively related to success in those fields (Sax, 1992). Additional 

research suggests that a female’s non-persistence can be attributed more to social factors and 

peer influences than to academic or cognitive variables. This research suggests that males tend to 

be more persistent in the pursuit of engineering than females due to differences in the social 

environment (Hanson, 1996; Levin & Wyckoff, 1994).  

Hanson (1996) indicates that female students tend to choose not to study mathematics or 

science in order to maintain their femininity. Female students do not want to appear masculine to 

their peers. Social rejection, peer acceptance, and loss of appeal to the opposite sex are concerns 

of female students who decide not to pursue scientific study (Hanson, 1996). Females who do 

not experience negative peer reactions or opinions regarding the study of science are more likely 

to choose to continue on to higher levels of education in those fields (Hanson, 1996; Levin & 

Wyckoff, 1994).  

Strong support person and role models. Female students who persist and succeed in 

science and engineering courses report a strong support person influenced and encouraged them 

in the pursuit of scientific study (Brainard & Carlin, 2001; Levin & Wyckoff, 1994). By the time 

students are at the senior high school level, females show more negative attitudes toward math 

and science and tend not to pursue opportunities in these fields. Female high school students who 

choose to major in science and engineering fields attribute their choice to a positive pre-college 
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experience in science due to encouragement and support of influential others (Astin & Sax, 

1996; Brainard & Carlin, 2001; Seymour & Hewitt, 1997).  

Women who have positive attitudes about the study of science have strong support from a 

family member, instructor, mentor, or role model who reinforces a propensity for scientific 

pursuit in a female (Eccles & Jacobs, 1986; Levin & Wyckoff, 1994). Similarly, females who 

succeed in science and engineering fields report that their undergraduate experience was positive 

due to the support they received while in the program. Like the high school students, these 

successful females credit the support to a mentor, advisor, professor, or lab instructor (Brainard 

& Carlin, 2001; Etzkowitz et al., 2000; Oakes, 1990). 

A lack of professional role models and mentors in non-traditional fields contributes to 

gender discrepancies in education (Astin & Sax, 1996; Brainard & Carlin, 2001; Hanson, 1996). 

For example, the structure of the school systems and colleges signals a disparity between males 

and females. Women in the academic and professional communities tend to be in lower positions 

and receiving lower pay (NSF, 1998). Female students see teachers and untenured professors 

who are mostly female, while administrators and tenured faculty are predominately male. This 

limits the number of females in senior positions who can act as role models or mentors to young 

female students (Hanson, 1996; Mickelson & Smith, 1995).  

Research shows that women mentors have more influence on female students than men 

who are mentors to females (Seymour & Hewitt, 1997). Students are less likely to encounter 

females who are in powerful positions in science and engineering. A lack of female role models 

and mentors in nontraditional female occupations such as science and engineering perpetually 

limits female study and occupational choice in fields that are not traditionally female (Astin & 

Sax, 1996; Oakes, 1990). Since females were overtly discriminated against in the past, then there 
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are fewer females today that have the kinds of job connections, faculty positions, or exemplary 

roles that can be helpful to friends, relatives, or other aspiring females (Fox, 1997).  

A lack of role models and gender bias can also be found in curricular materials that often 

reflect traditional gender roles and behaviors (Sadker & Sadker, 1994). Materials at all 

educational levels contain a number of character examples which are predominately male. Text 

books used throughout all levels of education add to discrimination in the classroom by using 

mostly male examples of successful scientists or assigning traditional roles such as educator, or 

nurse to females. The dominance of the male role is even more pronounced in math and science 

materials (Michelson & Smith, 1995; Sadker & Sadker, 1994).  

Once a female student has been admitted to an engineering program, institutional efforts 

may include interventions that support and promote student academic success (Eisenhart & 

Finkel, 2001). These interventions rely on research findings to identify non traditional, non-

cognitive predictors of female achievement in engineering majors. Engineering colleges often 

develop and implement program interventions that address the non-cognitive variables that 

promote female academic achievement and persistence in an engineering program (NSF, 1998). 

Female engineering students who participate in program interventions that provide 

support tend to achieve in the study of engineering (Brainard & Carlin, 2001; Hathaway, Sharp, 

& Davis, 2001). Support programs often depend on senior female peers, female administrators, 

professional mentors, and female and male faculty members in the major as a source of support 

to new female students in engineering major. These programs aim to provide encouragement and 

support through an understanding of experienced discomfort, self-doubt, or criticism, and by 

providing suggestions of effective strategies to overcome negative experiences (Etzkowitz et al., 

2000). 



   43

Self-esteem. The self-concept or self-esteem of a student has been positively correlated 

with academic achievement (Astin, 1993; Huang & Brainard, 2001; Pascarella & Terenzini, 

1991). Self–concept and self-esteem are terms that are often used interchangeably in the 

literature to express the level of one’s sense of competence and ability to meet the challenges of 

life with success in relation to the ability of others (Pascarella & Terenzini, 1991). Levels of 

confidence and in one’s academic ability and educational goal attainment are positively 

correlated with academic achievement (Astin, 1993; Seymour & Hewitt, 1997).  

Gender differences exist in levels of self-esteem and impact academic success and 

academic expectations (Pascarella & Terenzini, 1991). Gilligan, Lyons, and Hammer (1990) 

noted that during the junior high school years girls’ levels of self-confidence steadily decline. 

Researchers note that it is at this point in time that many girls give up the pursuit of science 

(AAUW, 1992; Hanson, 1996).  

Self-confidence in ability for a female student is often dependent upon the judgment of 

others, and some may find it difficult to determine the adequacy of their own performance 

(Belinky et al., 1986; Etzkowitz et al, 2000). Throughout the high school years females’ sense of 

self-efficacy becomes mostly dependent on the external opinions of others for validation and 

motivation (Hewitt & Seymour, 1991). Without the support of instructors or others at all levels 

of education, a female who does not have a well developed confidence in her mathematical or 

science ability may have difficulty determining if her performance is adequate (Etzkowitz et al, 

2000; Seymour, 1995).  

Although female students enter college with higher grades and overall test scores than 

males, they are much less confident in their academic ability (Belenky et al., 1986). In academic, 

mathematics, and scientific ability women consistently express lower levels of self-confidence 
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(Astin & Sax, 1996). Women are also less likely than men to expect success in their academic 

courses and future career goals (Fox, 1995; Noble & Smyth, 1995). Female students who 

demonstrate a high self-confidence in math and science ability are more likely to choose 

engineering as a major than female students with lower self-confidence (Sax, 1992; Oakes, 

1990). Women who have high self-efficacy and self-esteem are more likely to overcome 

negative classroom bias and attain higher levels of academic and professional achievement 

(Tidball et al., 1999).  

Levels of self-efficacy and locus of control are predictors of academic achievement and 

persistence for females in engineering sciences (Sax, 1992; Seymour, 1995). In a study by Felder 

et al. (1994) both self-efficacy and locus of control had a direct impact on course achievement. 

This study examined gender differences between female and male attitudes toward themselves, 

their education, and their academic achievement in an introductory chemical engineering course. 

Male participants attributed poor performance in the course to a lack of hard work or unfair 

treatment practices. Female participants blamed their poor performance in the course on their 

lack of ability.  

Self-efficacy in math and science ability is highly related to majoring and persisting in 

the field of engineering (Hanson, 1996; Oakes, 1990). Women tend to view their grades as the 

primary indicator of their academic success and overall college experience. Female students tend 

to attribute their failures, especially mathematical failure, to a personal lack of ability. A belief in 

personal failure often causes females to drop out of an engineering program even if they can do 

the work (AAUW, 1992). 

Individual self-efficacy and self-esteem substantially contribute to career related choices 

(Sax, 1992; Seymour & Hewitt, 1997). Female students who have high levels of self-esteem tend 
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to major in the core sciences, including engineering, and aspire to nontraditional careers (Tidball 

et al, 1999). High self-esteem can contribute greatly to female academic achievement and 

persistence in the field of engineering (Huang & Brainard, 2001). 

Increased levels of self-confidence and self-efficacy in mathematics increase academic 

achievement in the fields of science and engineering (Huang & Brainard, 2001). Research 

demonstrates that women’s self-esteem can be greatly increased through leadership experience, 

which is very important to learning and academic success (Astin, 1993; Pascarella & Terenzini, 

1991).  

Gender bias in math and science classes. In addition to the gender bias in classrooms that 

was described earlier, government studies have shown that gender differences in education are 

most evident in the areas of math and science. In 1990, two decades after the mandates of Title 

IX, researchers reviewed educational practices throughout K-12, in 25 school districts in 21 

states (Schmuck & Schmuck, 1992). The results of the review showed Title IX violations in 

terms of gender segregation in higher level math and science level courses (Schmuck & 

Schmuck, 1992). 

Classroom instructors foster traditional societal roles by providing more encouragement 

to male students to participate in mathematics, science classes, and activities since these fields 

have traditionally been considered male oriented (Seymour & Hewitt, 1997). Conversely, the 

learning environment encountered by female students includes less experimentation and 

exploration. Female students encounter fewer challenges and fewer opportunities for hands-on 

experience with equipment, technology, and scientific experimentation (Hanson, 1996; 

Etzkowitz et al., 2000). Due to a lack of exposure to structured and prescribed scientific 
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experiences, self-motivation and scientific exploration are often not encouraged and are 

unfamiliar for females (Kahle, 1996).  

Research observations of math and science classroom interaction found several gender 

differences. Eccles (1992) observed the mathematics classrooms of junior high and middle 

school students over a 10 year period. Observations showed that male students got more 

attention from instructors, especially in the form of criticism. The study also found that 

interaction between instructors and students was usually initiated by the students. Male students 

were much more likely to initiate the interaction in the classroom than their female classmates. 

Often, specific students in math classes were targeted for attention and these students tended to 

be male. Other research shows that students who were targeted for attention were more often 

participants in math and science related activities such as experiments, science fairs and projects, 

and science related field trips (Eccles, 1992; Kahle, 1990; Sadker & Sadker, 1994).  

Hanson (1996) studied women in science through collecting data on gender differences in 

school resources. Her research describes different ways in which education can be affected by 

gender and how these differences can affect achievement in science. Hanson (1996) examined 

male and female characteristics, educational achievement, and scientific tendencies from grade 7 

through the early adult years. The research used longitudinal data sets from a large, 

representative, national sample provided by the National Center for Education Statistics. The 

study used a combination of grades, test scores, and interviews of students as well as teachers 

and administrators (Hanson, 1996). 

Results of the study showed gender differences in terms of participation in math and 

science activities. The male students in the study were more likely to have interacted with a 

scientist, been a science club member, conducted a science experiment, and used more 
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technological equipment than the female students. Hanson (1996) found that females who had 

similar participation in math and science activities are more likely to pursue advanced scientific 

study.  

The findings of Hanson (1996) are consistent with those found by Eccles (1992) where 

the results showed that an increase in hands-on activities that allowed for problem solving led to 

increases in participation and achievement in math for female and minority students (Eccles, 

1992). These and other studies demonstrate that active learning and learning groups can provide 

motivation for female students to study math and science. However, as demonstrated in the 

literature, many classrooms do not provide an equal opportunity for female students (Kahle, 

1996; NSF, 1998; Oakes, 1990). 

Math and science achievement and course taking. Due to lack of encouragement in the 

home, classroom, and peer groups, females tend not to pursue higher levels of mathematics and 

science courses (Eccles & Jacobs, 1986; Levin & Wyckoff, 1994; Oakes, 1990). As a result, 

many women who graduate from high school tend to be less well prepared in math and science 

courses than males. As a consequence, they are not enrolled in collegiate math, science, 

engineering, or other technical courses with the same frequency as male students (AAUW, 1992; 

Mickelson & Smith, 1995). 

A lack of female students preparing for the field of engineering can be noted at different 

educational levels (Hanson, 1996). High school preparation for a future engineering student often 

includes taking several upper level math and science courses. Although more female students are 

taking upper level science and math courses in high school than in the past, female students tend 

to drop out of the science and math programs in their senior year of high school. Other females 
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decide to drop out of science or math programs prior to completing the first year of college 

(Oakes, 1990).  

Male and female students who are interested in pursuing science and engineering majors 

in college were similarly prepared in both math and science (NSF, 1998). Data from an NSF 

study (1996) are consistent with other results and indicate that first year college males and 

females who enrolled in math and science majors had taken similar numbers of math and science 

courses. Research demonstrates that the number of math and sciences courses taken strongly 

influences the achievement of undergraduate students who major in science and engineering 

(NSF, 1998).  

Studies often attribute a discrepancy in female achievement and attrition in science and 

math to different course taking behavior between males and females (Eccles, 1992; Hanson, 

1996; NSF, 1998). Discrepancies in science and math achievement scores may be attributable to 

differences in the type of courses taken rather than the number of courses. Female students are 

more likely to take biology and courses in the social sciences than courses in computer science or 

the physical sciences (Fisler, Young, & Hein, 2000; Hanson, 1996; NSF, 1998). 

Eccles (1992) explains that the gender differences in the types of math courses taken in 

schools are seen mostly in 8th and 9th grade levels. It is at this point that male students begin to 

outnumber the female students enrolled in algebra courses which lead to advanced mathematical 

study throughout high school. Another difference is noted during the junior and senior levels in 

high school when many females tend not to enroll in calculus courses (Hanson, 1996). The 

results of a national mathematics assessment conducted by the National Center for Education 

Statistics [NCES] (1997) showed that there is an increasing similarity in the number of high 

school math courses taken by male and female students. Differences in math courses taken occur 
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in the subjects of trigonometry and calculus where female students do not enroll in the courses 

with the same frequency as their male peers (NSF, 1998).  

Students who demonstrate high levels of mathematical and scientific ability in high 

school show high success rates in college engineering programs (Astin, 1993; Oakes, 1990). 

Research has examined the differences in math and science ability and achievement between 

female and male students (Oakes, 1990). The results showed a strong, positive correlation 

between mathematical and science ability and student success in the pursuit of science and 

engineering programs (NSF, 1998; Oakes, 1990).  

Ability and achievement were analyzed for differences in course taking and achievement 

levels between the genders (Oakes, 1990; NSF, 1998). A 1997 study completed by the NCES 

examined mathematics and science achievement levels of pre-college students and the changes in 

achievement over time. The researchers administered periodic assessments to students at the 4th, 

8th, and 12th grade levels to determine basic, proficiency, and advanced levels of achievement 

(NCES, 1997a, 1997b).  

When looking at levels of achievement, the results of the NCES (1997a) study showed 

that the gap between male and female math achievement is narrowing. Only at the 4th grade level 

was there a statistically significant difference in basic math scores with males out scoring the 

female students. Assessment test scores showed no statistically significant difference between 

males and females at the 8th and 12th grade levels (NCES, 1997a). However, assessment results 

showed that there were statistically significant differences in achievement levels at the 

proficiency and advanced levels. At both of these levels, males scored higher than females 

(NCES, 1997a). 
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The science assessment in the NCES (1997b) study measured science achievement in a 

variety of areas. These included a measure of achievement in knowledge of facts, concepts, 

analytic reasoning, experimental investigation, observations, use of materials and equipment, and 

ability to evaluate and communicate knowledge (NCES, 1997b). The results showed a 

statistically significant difference at the 12th grade level. The assessment showed that the female 

students scored lower on the assessment in terms of science achievement. The assessment also 

showed that female students tend not to take the same number of advanced science courses as 

male students (NSF, 1999) These results are congruent with Hanson (1996), who notes that 

females tend to be far outnumbered by their male peers in physics courses (Hanson, 1996). 

Female students who take the same math and science courses as male students in high 

school tend to perform equally as well in these courses (Hanson, 1996; NSF, 1998). These 

female students are equally prepared and qualified for admission into highly technical programs 

in college or to pursue scientific occupations (AAUW, 1992; Hanson, 1996; NSF, 1998). 

Nevertheless, these same female students tend not to pursue science and engineering programs, 

or they tend to drop out of those, to have more negative attitudes toward the scientific and 

engineering fields, and to score lower on standardized measures of math and science ability 

(NSF, 1998; Oakes, 1990). 

Relationship between Cognitive and Non-Cognitive Variables and Academic Success 

Academic achievement and student ability to succeed have been defined in many ways. 

Prominent educators include intellectual or cognitive ability, non-cognitive student development, 

and persistence toward degree attainment in these definitions (Astin, 1993; Pascarella & 

Terenzini, 1991; Tinto, 1993).  
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Academic success is achieved intellectually through curriculum and classroom 

instruction. The student develops intellectually through cognitive learning and demonstrates 

academic success through traditional measures such as grades (Astin, 1993). Traditional 

cognitive measures such as standardized tests and high school GPA tend to predict the academic 

success of a traditional engineering student. High standardized test scores and high pre-collegiate 

GPAs are strongly related to academic success in college engineering programs for traditional 

(White male) engineering students, but not for those who are female or from racial or ethnic 

minority groups (NSF, 1998; Oakes, 1990).  

Persistence to graduation is another way of defining academic success (Astin, 1993). 

Students who drop out of college and do not graduate are not considered as academically 

successful as those who graduate (Tinto, 1993). While persistence can be viewed as an 

intellectual measure, much of the research had focused on the psychological measures that 

determine a student’s persistence (Astin, 1993; Pascarella & Terenzini, 1991; Tinto, 1993). 

While academic achievement can be a strong cognitive predictor of success in an 

engineering program, non-cognitive factors also appear to affect student success (Astin, 1993; 

Oakes, 1990; Sax, 1992; Solomon, 1985). Efforts have been made by researchers to understand 

better how certain non-cognitive factors affect how a student achieves academic success, 

measured in terms of both grades and graduating (Astin, 1993; Pascarella & Terenzini, 1991; 

Tinto, 1993). Non-cognitive or affective learning occurs through experiences in and outside of 

the classroom. Success is determined by the development of personal affective skills acquired by 

the student and the resulting changes in behavior (Astin, 1993; Pascarella & Terenzini, 1991; 

Tinto, 1993). 
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Non-cognitive variables contribute to learning and the development of personal 

characteristics that can help students achieve in the classroom. These characteristics include 

students’ personal values, interpersonal interaction, intercultural values, socially responsible 

behavior, healthy relationships, and career objectives (Astin, 1993; Tinto, 1993; Tracey & 

Sedlacek, 1987). Research has identified non-cognitive variables that lead to academic success. 

These factors include social and academic integration, interaction and experiences with peers and 

faculty, student demographic characteristics, career and vocational goals, and degree of 

involvement in the institution (Astin, 1993; Pascarella & Terenzini, 1991; Tinto, 1993).  

Gender differences encountered in education by the female student may lead to the 

development of a set of characteristics which can contribute to academic success (Ancis & 

Sedlacek, 1997). Certain cognitive and non-cognitive variables relevant to the academic 

achievement of female students in science and engineering majors have been identified by 

researchers. These include previous societal or environmental experiences in and out of the 

classroom (Hall & Sandler, 1982; Levin & Wyckoff, 1994; Sadker & Sadker, 1994; Sax, 1992); 

perceiving an intrinsic value and interest in choosing and pursuing a scientific career (Astin & 

Sax, 1996; Jacobs et al., 1998); peer support (Hanson, 1996; Jacobs et al., 1998; Sax, 1992); 

family support (Astin, 1993; Hanson, 1996; Sax, 1992); influential mentors including teachers 

and advisors (Blaisdell, 1995; Holland & Eisenhart, 1992; Levin & Wyckoff, 1994, 1995); self-

esteem (McIlwee & Robinson, 1992; Seymour & Hewitt, 1997); self-efficacy and locus of 

control, especially in mathematical ability (Eccles, 1992; Felder et al., 1994; Sax, 1992); and 

math and science ability (Astin, 1993; Eccles, 1992; Sax, 1992). 
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Related Theories 

Tinto. In his research, Tinto (1993) used student persistence toward obtaining a degree as 

a measure of success. He proposed a theory of retention that demonstrates a connection between 

a student’s integration in campus activities and persistence. Tinto’s theory (1993) explains that 

integration is the degree to which the student shares the values and norms of the college faculty 

and collegiate peers and follows the requirements for belonging to the institution. Integration 

occurs in both the academic system and the social system of the institution. The greater the 

degree of student integration into the institution, the greater the chances are for academic 

success. Institutional integration leads to retention and the student is viewed as academically 

successful (Tinto, 1993). 

This theory suggests that student behavior is both academic and social. According to 

Tinto (1993) a student may be able to achieve integration into the academic domain of college 

but fail adequately to achieve integration into the social side and therefore drop out. Conversely, 

a student may achieve integration into the social domain of college, but fail to persist due to lack 

of integration into the academic.  

Tinto (1993) theorized that a student’s behavior and ultimate integration are a result of 

the individual characteristics and skills that the student brings to college, including the influence 

of pre-collegiate characteristics such as personal intentions and goals. He cites such non-

cognitive variables as individual characteristics, personal commitment and intention, financial 

and community obligations, family support, skills, personality, participation in organizations, 

and educational goals. His research shows how these non-cognitive characteristics can directly 

impact student achievement and persistence in education and resulting career opportunities. 

Individual characteristics can change and are often modified through interactions between the 
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individual student, the institutional structure, and the people in the academic community. 

Students who have the ability to adapt to the new environment find positive and rewarding 

interactions that encourage integration into the institutional system. 

Integration behavior associated with student academic achievement depends on the 

perceived comfort level that the student feels in the campus environment. The hypothesis is that 

if a student is not comfortable on the campus, then involvement and integration with the campus 

is likely to be minimal. The discomfort felt by students who are members of a minority group in 

the educational environment may cause the student not continue on to degree completion (Astin, 

1993; Tinto; 1993). 

Tinto (1993) hypothesized that any student who is a member of a minority group in an 

educational environment tends to feel isolated and unsupported in educational endeavors which 

may result in poor academic performance. As a minority group in science and engineering fields 

of study, women often report the academic climate as hostile and unwelcoming (NSF, 1998; 

Oakes, 1990). According to Tinto (1993) student academic performance in the first semester of 

freshman year is crucial to their perception of comfort, integration into the university 

community, and ultimate academic achievement. The extent to which female students adapt to 

the field of engineering may depend upon the possession of the characteristics indicative of 

female success in the field (Etzkowitz et al., 2000). 

Astin. Integration is closely related to another area of research that looks at student 

involvement and its relationship to development and academic success. Results of this research 

indicate that there is a definite relationship between a student’s active participation in the 

learning process and academic success. This research demonstrates that active participation leads 
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to academic achievement, increases in motivation, and student persistence (Astin, 1993; 

Pascarella & Terenzini, 1991). 

Astin (1993) explains that involvement is the amount of physical and psychological 

energy that a student uses during his or her college experience. Although a student’s involvement 

in the college experience is linked to intellectual measures of academic success, the focus of 

involvement is not what an individual is thinking, but instead what the individual is doing in 

terms of behavior.  

Involvement facilitates student development through learning appropriate behaviors, 

which in turn leads to academic achievement (Astin, 1993). Examples include the amount of 

time that a student devotes to studying; the amount of time a student actively participates in 

institutional activities, and frequent interaction with faculty and peers. If a student is not 

comfortable on the campus, then involvement with the campus is likely to be minimal. This 

minimal level of involvement may cause the student not to continue on to degree completion 

(Astin, 1993). 

Sternberg. The Sternberg theory (1985) explains that a relationship exists between 

traditional experiences and non-cognitive variables. Sternberg hypothesized the existence of 

three types of intelligence which explain differences in basic abilities that a person may possess 

(Sternberg, 1985). Componential, contextual, and experiential intelligence are the three types of 

intelligence explained by the theory.  

 Componential intelligence is explained as analytic intelligence or the ability of an 

individual to interpret information in an organized, unchanging context. It explains how an 

individual internally interprets and defines intelligent meaning and the ability to use the 

intelligence behaviorally (Sternberg, 1985). Individuals who experience a wholly traditional 
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societal context are typically associated with the ability to structure intellectual thought. Those 

who have difficulty in demonstrating their ability in a traditional context often have past 

experience in a variety of contexts or the context of their traditional experience was unstable. 

Sedlacek (1993) states that college admission criteria utilize standardized tests, such as the SAT, 

which provides a measure of a student’s ability in traditional contexts or a measure of 

componential intelligence. 

 Experiential intelligence refers to the ability of an individual to interpret information in 

contexts that are dynamic. This type of intelligence is best demonstrated in an individual’s ability 

to respond creatively when confronted with change in the context of an environment (Sternberg, 

1985). To be successful, individuals with nontraditional experiences may have to develop and 

demonstrate these intellectual abilities (Sedlacek, 1993). 

 The contextual theory of intelligence explains that the societal context defines the 

behavioral intelligence of an individual. Depending upon the context, an individual will adapt 

behavior to the present environment, select a different environment, or redesign the environment 

so that it better fits with the interests, skills, and values of the individual (Sternberg, 1985). The 

individual’s ability to understand the workings of the environment and manipulate the structures 

to accommodate self better is explained by this type of intelligence. It is critical to the successful 

development of an individual with a nontraditional background to have the ability to interpret the 

systematic workings of the environment (Sedlacek, 1993). 

Traditional and Non-Traditional Predictors of Academic Success 

Traditional predictors of academic success. In higher education, prediction of student 

academic achievement affects access to an institution, institutional choice, financial aid, and 

placement in a particular course of study (Burton & Ramist, 2001). Student college grades are 
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highly correlated with persistence and graduation from an institution, admission to graduate and 

professional programs, and occupational opportunity (Pascarella & Terenzini, 1991; Tinto, 

1993).  

Traditional predictors of academic achievement measure student cognitive ability and 

intellect. These measures utilize high school grade point average (GPA) and the scores of 

standardized tests such as the Scholastic Aptitude Test (SAT) or the American College Test 

(ACT) to determine a student’s potential to succeed and persistence at a specific institution and 

within a certain fields of study (Astin, 1993). 

Willingham (1985) examined over 30 factors to determine which would best predict 

college grades. He reported that only six of the factors were significant contributors to 

predictions of student academic achievement in college. The strongest predictor of college 

grades was the high school GPA of the student. The study showed that the best indicator of 

future performance in college was past performance in high school (Willingham, 1985). 

 Willingham (1985) and Willingham et al. (1990) found that standardized test scores were 

the second best predictor of college grades. Data in the longitudinal study showed that these test 

scores predicted future performance almost as well as high school GPA. The standardized tests 

were found to be valid predictors of first year college grades (Willingham, 1985; Willingham et 

al., 1990). 

A study by Ford and Campos (1977) gathered data for ten years from 1964 to 1974. Their 

study found that the average correlation of freshmen grades were 0.370 for the verbal SAT and 

0.320 for the math SAT. The study also demonstrated that this correlation was accurate in the 

earlier years of the study as well as in the later years of the study.  
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A combination of high school GPA and standardized test scores provides a better 

prediction of college ability than either of the factors used alone (Mouw & Khanna, 1993; 

Willingham, 1985; Willingham et al., 1990). Studies demonstrate a correlation between first year 

college GPA and the combination of SAT and high school GPA (Ford & Campos, 1977; Ramist, 

Lewis, & McCamley-Jenkins, 1994). Researchers use the college first year GPA as a measure of 

success (Ancis & Sedlacek, 1997; Burton & Ramist, 2001; Ramist et al., 1994). The first year 

college GPA is most often used in the research on student success due to several factors, 

including the availability of this measure to researchers, comparable grading standards in the first 

year courses, and the similarity in required first year courses (Burton & Ramist, 2001). 

A correlation has been noted between first year academic performance, a student’s 

adjustment to college, and future academic success (Kobrin & Milewski, 2002). First year grades 

may be “the single most revealing indicator of successful adjustment to the intellectual demands 

of a particular college’s course of study” (Pascarella & Terenzini, 1991, p. 388). Researchers 

found that high school grades and standardized test scores were related to first year college 

grades and were useful in predicting student academic achievement in relation to admission and 

placement decisions (Mouw & Khanna, 1993; Willingham, 1985). 

Research conducted by Ramist et al. (1994) examined students in 11 different colleges. 

The results of this study found a correlation between freshmen grades and the combination of 

SAT score and high school GPA to be 0.420.  

A report by the National Research Council of the National Academy of Sciences explains 

that SAT scores can be used accurately to predict performance for students independent of race 

or gender. The report also states that the scores are more accurate predictors of academic success 
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for White males who tend to score higher on the tests than racial minorities or females of any 

race (Fleming & Garcia, 1998). 

The combination of high school grades and standardized test scores has been used to 

evaluate traditional and non-traditional applicants for admission into institutions of higher 

education and specific programs within the institutions (Astin, 1993; Tracey & Sedlacek, 1984). 

Many public institutions publish a formula that is used where certain combinations of high 

school grades and standardized test scores guarantees admission (Burton & Ramist, 2001).  

Problems associated with predicting academic success using traditional measures. 

Research has determined specific problems associated with reliance on traditional measures of 

cognitive ability as accurate predictors of academic success. High school grades used as 

predictors of college grades cover a broad range of both academic and non-academic skills but 

are limited in terms of reliability when making comparisons between students. Standardized test 

scores used in admission criteria are reliable when used to compare student aptitude but provide 

limited view of academic knowledge and little or no measure of nonacademic skills (Burton & 

Ramist, 2001; Kobrin & Milewski, 2002).  

Researchers have demonstrated another problem in the limited ability of traditional 

predictors to offer a high correlation between past success and future persistence in college 

(Burton & Ramist, 2001; Levin & Wyckoff, 1994; Tracey & Sedlacek, 1984). High school GPA 

indicates past achievement in specific subjects and the SAT was designed to predict the grades of 

freshmen students and not academic achievement beyond the freshmen year (Sedlacek & 

Adams-Gaston, 1989; Stern & Briggs, 2001; Willingham, 1985).  

Astin (1993) compared high school GPA with college GPA of students. The study found 

that grades decline once the student reaches college. Results show that half of the participants in 
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the study received lower grades in college than in high school. Further comparison in the study 

showed that one in three students had the same grades in college as in high school, while only 

one in five students saw an improvement in college GPA over high school (Astin, 1993).  

Longitudinal studies have examined the predictive ability of the SAT and high school 

GPA and determined that the effectiveness of these measures decreases over time. Long term 

measures of academic success such as cumulative GPA, graduation, and post college income 

level are even more difficult to predict than freshman GPA. These studies indicate the significant 

contribution of non-cognitive variables as predictors of the academic achievement of students 

over time as well as first semester freshmen GPA (Burton & Ramist, 2001; Sedlacek, 1987).  

A problem often cited by educators is that the traditional measures provide an assessment 

that is a fairly accurate predictor of college GPA only for students who are from majority groups 

(Astin, 1993; Tinto, 1993; Tracey & Sedlacek, 1984). College admission programs and policy 

reflect many years and a significant amount of experience of evaluating student applicants from a 

traditionally White male population. Students from minority population groups with non-

traditional backgrounds and experience present a greater challenge to admission personnel who 

must determine which students are most likely to succeed within a particular college and degree 

program. Admission officers are less familiar with the differential features of non-traditional 

applicant credentials and inexperienced with student characteristics that can identify and predict 

student success in college (Sedlacek, 1993; Tinto, 1993).  

Earlier research conducted by Linn and Werts (1971) showed that the reported results of 

studies on predictive measures can be misleading if important measures used in admission 

decisions are omitted from the study of predictors. Research that includes a wider range of 
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predictors other than those used in admission criteria at a particular institution might provide 

improved admission procedures (Burton & Ramist, 2001). 

 Willingham (1985) and Willingham et al. (1990) determined that additional factors 

contributed to a student’s ability to achieve in college. In his study he found that a student’s 

behavior outside the classroom and other personal characteristics contributed to accurate 

predictions of college performance. Willingham cited several non-cognitive variables that 

increased accurate predictions including “a commitment to success in one or more areas,” self-

knowledge and ability to communicate this insight to others, and educational resources.  

 Burton & Ramist (2001) reviewed all of the current research on predictive ability of high 

school grades and standardized test scores from the SAT. This review revealed that nonacademic 

factors contribute to student academic achievement. These factors include non-cognitive 

variables such as motivation, individual interests, extra curricular activities and 

accomplishments. Their study concluded that although the high school GPA and SAT scores 

consistently made predictions of college student ability that were substantially accurate, 

supplementing these traditional measures with measures of non-cognitive predictors would 

further improve the validity of admission decisions.  

Predicting college freshmen GPA using a combination of standardized test scores and 

high school GPA is not as accurate for students who are members of a minority group as for 

majority students (Burton & Ramist, 2001; Tracey & Sedlacek, 1984; Willingham, 1985). 

Research results indicate that the predictive ability of the SAT scores and high school GPA for 

college success of minority students is a bit more complicated. Traditional predictors of college 

achievement have limited validity when used to predict academic potential of non-traditional 

students (Burton & Ramist, 2001; Camara & Echternacht, 2000). 
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A study by Ramist et al. (1994) included a comprehensive look at Blacks in 11 

predominantly White colleges. The study showed that although the student SAT scores were 

similar the predictive value for academic success was less for Black students than for White 

students. This study found that the average correlation for Black students’ grades was 9% while 

the White students’ correlation was 17.6% (Ramist et al., 1994).  

Arguments against testing practices include evidence of bias against minority populations 

and students from low socioeconomic backgrounds who score lower on the tests, and as a result 

may be deprived of educational as well as occupational opportunity (Burton & Ramist, 2001; 

Gurin, 1999). Critics argue that the assessment provided by the standardized tests is culturally 

and educationally inappropriate for females and students from racial and ethnic minority groups 

(Burton & Ramist, 2001; Fleming & Garcia, 1998). 

Individual performance on tests can be influenced by prevailing gender or racial factors if 

students are aware of the climate (Tidball et al., 1999). Significant differences were found in test 

scores between female and male students on assessments of academic performance and ability 

when they perceived that they were being evaluated in a gender related context (Steele, 1997). 

Research conducted by Steele (1997) showed that female students performed below males when 

they perceive that their gender is known during testing. His study explains that students who can 

be stereotyped according to race or gender achieve differently when they perceive or experience 

specific behaviors or attitudes (Steele, 1997). 

Traditional cognitive measures may be better predictors of the academic ability of male 

students than female students (Ancis & Sedlacek, 1997). Expert reports and validity studies show 

that the SAT predicts college success differently for males than for females (Burton & Ramist, 

2001; Willingham, 1985; Willingham et al., 1990). The SAT under predicts academic 
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performance for females in their first year of college and over predicts the achievement of male 

students (Burton & Ramist, 2001; Willingham, 1985). 

Non traditional predictors of academic success. Research on college academic success 

demonstrates that the intellectual predictors of student ability account for just one part of 

academic performance (Astin, 1993; Mouw & Khanna, 1993; Pascarella & Terenzini, 1991; 

Tinto, 1993). Pre-college academic ability cannot totally account for college academic success. 

Non-intellectual factors or non-cognitive variables are examined in these studies as additional 

predictors of college success. 

These variables include self concept or self esteem, experiences with faculty, family 

support, previous academic achievement, student demographics, and type of institution. Research 

suggests that these non-cognitive variables have statistical relationships to predictions of 

academic achievement similar to the relationships found with the traditional cognitive variables 

(Ancis & Sedlacek, 1997; Larose & Roy, 1995; Levin & Wycoff, 1994, 1995; Mouw & Khanna, 

1993; Tracey & Sedlacek, 1984).  

Mouw and Khanna (1993) concluded that factors other than pre-college intellectual 

ability determine college academic success. The research was conducted to determine the 

effectiveness of using the SAT score and high school GPA in predicting college academic 

success. Two groups of students in a mid-western university were examined during their 

freshmen year. The first group included those students who were predicted to be academically 

successful based on their SAT score and high school GPA.  

The research used a second group of participants who were students not expected to 

succeed because of low SAT scores and poor high school grades. Results showed that there was 

a correlation between pre-college ability and college academic success. However, individual 



   64

student characteristics of effort and use of basic academic skills are also crucial factors. This 

study also illustrates that students’ non-cognitive characteristics and high school extracurricular 

activities were significantly related to their first year grades (Mouw & Khanna, 1993). 

The Test of Reaction and Adaptation in College (TRAC) is a newer instrument designed 

to measure a student’s non-cognitive tendencies (Larose & Roy, 1995). The instrument was 

designed to measure non-cognitive variables such as personal characteristics, beliefs, behavior, 

and emotional responses as predictors of academic achievement. The instrument is a 

questionnaire containing 50 items that are answered on a 7-point Likert-type scale. Nine 

variables on the questionnaire are Fear of Failure; Examination Anxiety; Examination 

Preparation; Quality of Attention; Assistance from Peers; Seeking Help from Teachers; Giving 

Priority to College Studies; Belief in Effective Work Methods; and Belief in Easiness (Larose & 

Roy, 1995). 

A study conducted by Larose and Roy (1995) examined the validity of TRAC as a 

predictor of student success in college. The results present a measure of students’ personal 

characteristics that are likely to affect their adjustment to college and academic achievement. 

This study demonstrated that TRAC results offer better predictions of achievement in college 

than high school grades or standardized test scores and those traditional pre-college measures 

alone do not predict academic success in all instances (Larose & Roy, 1995). 

Predicting academic success and persistence in engineering. Declines in enrollment and 

attrition in colleges of engineering for both male and female students is a major source of 

concern for institutions, students, parents, and funding agencies (Moller-Wong & Eide, 1997). 

Student attrition in engineering colleges in the freshman and sophomore years has resulted in 

only a 44% graduation rate (Astin, 1993; Reichert & Absher, 1997). A variety of research has 
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been conducted in an attempt to understand student academic achievement and persistence in 

general and within specific major fields of study. Findings of this research identify both 

cognitive and non-cognitive predictors of academic persistence. (Astin, 1993; Felder et al., 1994; 

Tinto, 1993).  

The high attrition rate of engineering students was observed by Astin (1993) in a 

longitudinal study designed to assess student interest and achievement in certain majors and 

careers. The study included 217 higher education institutions throughout the U.S. and involved 

25,000 participants. The study used data collected from a survey questionnaire issued in 1985 

and additional data from a 1990 follow-up survey. The study demonstrated that student interest 

in engineering begins to decrease between freshmen and sophomore years.  

Astin (1993) attributed some of the high attrition and waning interest in engineering 

programs found in his study to the grading methods used by engineering instructors. The 

researcher observed that the instructors tended to curve the grades of the students. This method 

of grading has a tendency to place students in an average category. Students graded as average, 

who perceive themselves as individuals with high ability, are likely to feel inadequate and 

experience frustration. These feelings correlate with a student’s perception of a positive or 

negative college experience and can affect persistence in a degree program. 

A longitudinal study conducted by Felder et al. (1994) collected data on various academic 

predictors. Participants in the study were 124 college freshmen at the University of North 

Carolina who were enrolled in a chemical engineering introductory course. The researchers 

collected data on various academic predictors including SAT scores, community and family 

background, attitudes, personality, and freshman year grades in college. These various predictors 

were then correlated with individual student course performance.  
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The results of the study showed a positive correlation between a student’s academic 

performance in the engineering course and the cognitive measures of intellect of the SAT scores 

and college freshman-year grade point average. Various non-cognitive variables were also 

identified in the study as positive contributors to student achievement and persistence in the 

engineering course. Community and family background, especially the father’s level of 

education, amount of time the student spent in employment outside of the college, and a 

student’s personality characteristics were non-cognitive variables which positively correlated 

with student achievement and persistence in the course (Felder et al., 1994). 

Males and females have both similar and different characteristic variables that affect a 

successful pursuit of a science or engineering major (NSF, 1998; Oakes, 1990). For both genders 

a variety of cognitive and non-cognitive variables affects academic achievement in college 

engineering programs (Astin, 1993). These variables include high grades and high school GPA, 

high scores on standardized tests, mathematical and science ability, self-esteem, and family 

background including educational level (Astin, 1993; Hanson, 1996). Students who are 

successful in their pursuit of engineering also have a high self-efficacy in mathematical ability, 

are scientifically oriented, have high career goals and expectations, tend to have a father who is 

an engineer, and usually report that they enrolled in college because their parents wanted them to 

enroll (Astin, 1993, Hanson, 1996).  

Levin and Wyckoff (1994) addressed attrition rates in engineering programs of study. 

The objective of their study was to develop models that predicted persistence and success in 

undergraduate engineering programs. This study also helps identify students who possess 

characteristics of successful persistence in engineering. The researchers analyzed five 

intellective, nine non-intellective, and five academic performance variables using the 
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performance of students at the end of their sophomore year of baccalaureate engineering study as 

the dependent variable. The sample of participants used in the study represented 65% of the 

population of engineering students who entered a program as freshmen at Penn State University 

in 1984.  

A variety of sources including admission records, the University Freshman Testing 

Counseling and Advising Program, individual interviews, and student transcripts, and registrar 

records were used to collect data. Data collected on intellective variables were high school GPA, 

SAT scores, and mathematical placement test scores. Non-intellective variables were gender, 

attitude toward high school mathematics, physics, and chemistry, anticipated hours of study in 

college, focus of scientific interests, reason for choosing engineering, certainty of choice, and 

knowledge of an engineering major (Levin & Wyckoff, 1994).  

Results provided insight into relevant student characteristics that predicted success and 

persistence in the study of engineering for the sample of participants. In the case of pre-enrolled 

students who have not begun college, the variables that predicted success and persistence at the 

end of the sophomore year were the intellective variables of high school GPA, and algebra and 

chemistry placement scores. The non-intellective variables that predicted success of the 

participants were gender, the focus of scientific interests, and the reason for choosing 

engineering (Levin & Wyckoff, 1994). 

Levin and Wyckoff (1994) concluded that the intellective variables demonstrated a 

commonly held belief that the best predictor of future performance is past performance and that 

high academic achievement contributes to a student’s decision to persist. Additionally, they 

stated a need for further research on the complex interaction between persistence and academic 
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performance to address the characteristics of engineering students who achieve academically but 

do not persist. 

Gender was one of three non-cognitive variables that predicted success. Being male was 

positively associated with successful persistence in engineering study, while being female was a 

negative variable. Another significant predictor variable was a student’s focus of interest in 

science programs of study. Students had higher predicted probability of success in engineering 

programs when their interests were completely focused on scientific study. Finally, the predictive 

probability was increased if a student’s reason for choosing an engineering program of study was 

intrinsically genuine. Participants who chose engineering because they were interested in 

mathematics, science, and problem solving were likely to achieve at higher levels than those who 

chose engineering because of foreseen employment opportunities, monetary, and status rewards 

(Levin & Wyckoff, 1994). 

This study illustrates that it is important to distinguish between two different types of 

behaviors, successful academic performance and persistence, in engineering programs. The 

researchers noted some degree of independence between the participants who were academically 

successful and persisted and those who achieved academically but did not persist. Results show 

that both ability and interest must interact for successful persistence to result (Levin & Wyckoff, 

1994). 

Non Cognitive Questionnaire (NCQ) 

 The Non Cognitive Questionnaire (NCQ) was designed by Tracey and Sedlacek (1984, 

1989) to assess non-cognitive or psychosocial variables useful in college admissions decisions. 

Through factor analysis, the researchers identified and validated eight variables that predict 

grades and retention of students who are members of minority groups (Tracey & Sedlacek, 1984, 
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1987, 1989). Ancis and Sedlacek (1997) determined the validity of the NCQ and SAT as 

predictors of female student academic achievement. 

This study focuses on the eight non-cognitive variables identified and validated by 

Tracey and Sedlacek (1984, 1987, 1989). These variables were further assessed by Ancis and 

Sedlacek (1997) in their study that determined the validity of the NCQ and SAT as predictors of 

the college academic achievement of female students. The eight variables are Positive Self-

Concept or Confidence, Realistic Self-Appraisal, Understands and Deals with Racism, Prefers 

Long-Term Goals to Short Term or Immediate Needs, Availability of a Strong Support Person, 

Successful Leadership Experience, Demonstrated Community Service, and Knowledge Acquired 

in a Field (Ancis & Sedlacek, 1997).  

Positive self-concept or confidence. “Strong self-feeling, strength of character, 

determination, independence” (Sedlacek, 1993, p. 34) define the non-cognitive variable of 

positive self-concept or confidence. This variable on the NCQ refers to how a student refers to 

herself or himself. Students with a positive self-concept feel confident in their ability to do well 

in academic and non-academic experiences and progress successfully toward graduation. These 

students will make positive statements about themselves (Sedlacek, 1993). 

Students who have a low self-concept make negative statements about their ability to 

achieve and progress through college. They do not expect to do well in academic or personal 

experiences and may avoid new challenges. Students without a positive self-concept believe that 

they will receive marginal grades in comparison to other students who are more capable 

(Sedlacek, 1993). 

Realistic Self-Appraisal. Realistic self-appraisal, especially in relation to academic 

ability, is another variable identified by Sedlacek (1993). This variable is the ability of a student 
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to “recognize and accept any self-deficiencies” (Sedlacek, 1993, p. 34). The ability realistically 

to self-appraise is important for females who may receive negative or confusing feedback from 

instructors or family members about their academic performance (Ancis & Sedlacek, 1997). 

Students who realistically self-appraise appreciate and accept the positive feedback or rewards 

for good performance and the negative feedback or consequences of performance that is poor. 

These students are able to use the feedback to change their performance (Sedlacek, 1993).  

 Conversely, students without the ability to self appraise realistically are not able to 

evaluate their performance accurately. They are especially sensitive to grades received and 

evaluations of peers to evaluate their own ability. Low realistic self-appraisal does not allow the 

individual to alter behavior effectively to improve performance (Sedlacek, 1993). Female 

students who can accurately appraise their own academic ability despite negative or faulty 

feedback may have an advantage in a gender biased system (Ancis & Sedlacek, 1997). 

Understands and deals with racism. In this context, racism is used as a term to identify 

all cultural biases directed toward a population. Students who understand and deal with racism or 

similar bias are able to handle a racist system and are neither “submissive to existing wrongs, nor 

hostile to society” (Sedlacek, 1993, p. 34). Accurate assessment of biased demands and assertive 

and appropriate response to the demands, are characteristic of students who have a realistic belief 

about racism and its effect on the educational system. Without the ability to understand and deal 

with racism, students may be either preoccupied with racism or neglect to see its existence. 

These students tend to blame others in society for their problems. Their inability to understand 

and deal with racism leads to inappropriate methods of handling the associated problem and 

negatively affects their personal and academic development (Sedlacek, 1993).  
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This scale on the NCQ is intended to measure students’ expectations of encountering any 

type or form of bias, including sexism, and their ability to deal with the issue. Female students 

must have the ability to overcome the effects of sexism and gender bias in education in addition 

to the non-cognitive variables relevant to the general population (Ancis & Sedlacek, 1997). The 

female student who is able to understand and recognize challenges in a gender-biased system is 

at an advantage in overcoming the negative effects of sexism (Ancis & Sedlacek, 1997). 

Prefers long-range goals to short-term or immediate needs. A student’s ability to 

“respond to deferred gratification” (Sedlacek, 1993, p. 34) and make decisions about future goals 

is referenced in this non-cognitive variable. Students who have this ability are able to set goals 

and progress toward them without reinforcement. In academic and non-academic areas, this non-

cognitive variable enables planning and provides direction. If limited in this ability, students do 

not work toward specific accomplishment or set goals. Instead, they proceed without a direction 

or plan toward goals that are undefined or unrealistic (Sedlacek, 1993). 

Availability of Strong Support Person. Research demonstrates the importance of role 

models and mentors to female academic and career success (Ancis & Sedlacek, 1997; Tidball et 

al., 1989). Having one or more individuals who can provide strong support gives the student at 

least one individual to turn to for help, support, and encouragement if a crisis situation arises 

(Sedlacek, 1993). Female students who persist in engineering often report that they received 

encouragement and support from a significant person (Levin & Wyckoff, 1994). Students who 

acknowledge that they “received help, support, and encouragement” (Sedlacek, 1993, p. 34) 

indicate the availability of a strong support person in their lives for help in academic and non-

academic matters. Strong support provides students with recourse besides their own ability to 

solve problems, and they are able to ask for help when needed (Sedlacek, 1993).  
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Successful leadership experience. It is characteristic of a student with successful 

leadership experiences to influence others in academic and non-academic situations. Leadership 

experience can be acquired through opportunities in relevant activities provided by a student’s 

cultural background, community, church, or scholastic curriculum (Sedlacek, 1993). Students 

with leadership experience take the lead in group activities and are capable and comfortable with 

mediating and providing direction to others. A significant positive relationship exists between 

successful leadership experiences, increased self-esteem, and grades for female students (Ancis 

& Sedlacek, 1997; Pascarella & Terenzini, 1991). Students without this characteristic do not 

show initiative in a situation, are non-assertive, and are overly cautious (Sedlacek, 1993). 

Demonstrated community service. Students who are involved in their community through 

association with a cultural group are identified by this non-cognitive variable (Sedlacek, 1993). 

These students have relationships with others in the community and together they have 

accomplished community goals. Students who do not participate in community activities have 

not learned to identify or rely on others who are similar to accomplish goals or problem solve. 

These students have limited participation in activities, experience marginality, and engage in 

more solitary activities (Sedlacek, 1993). Females who participate in community activities enjoy 

group participation and acquire and express knowledge outside of an academic setting are more 

likely to succeed (Ancis & Sedlacek, 1997). 

Knowledge acquired in a field. This non-cognitive variable identifies students who have a 

non-traditional knowledge about an area or field of study other than the view presented within a 

formal school instruction. Traditional ways of acquiring knowledge may not be as relevant for 

female students as for males since women traditionally experienced inequity in education and an 

academic climate of gender bias, especially in the sciences (Sadker & Sadker, 1994; Seymour, 
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1995). These students have gained their knowledge through a variety of innovative ways 

including cultural, racial, or gender based views (Sedlacek, 1993).  

Students who do not demonstrate evidence of this non-cognitive variable pursue learning 

in a very traditional way (Sedlacek, 1993). Female students who seek alternative or non-

traditional ways of acquiring knowledge are more successful than females who take a traditional 

approach (Ancis & Sedlacek, 1997). 

Use of the NCQ in research. The relationship between the identified eight non-cognitive 

variables and student academic success of minority groups is examined in six major studies; one 

of these studies examines the academic success of women. The first study was designed by 

Tracey and Sedlacek (1984) to determine the reliability, construct validity, and predictive 

validity of the NCQ for both African American and White students. The NCQ was designed to 

measure the eight non-cognitive variables indicative of student success. The researchers used the 

instrument with and against student SAT scores to examine how well the non-cognitive variables 

predicted success.  

Three important results were found in the Tracey and Sedlacek study (1984). The study 

first demonstrated reliability and construct validity of the NCQ. Second, the NCQ proved to have 

predictive validity of grades for both African American and White student samples when used 

alone and in connection with scores on the SAT. The final finding showed that the variables 

were highly predictive of persistence for the African American students. This study established 

the importance of relating non-cognitive variables to measures of academic achievement when 

assessing African American students.  

Another study using the NCQ was conducted by Boyer and Sedlacek (1988), who 

examined non-cognitive predictors of academic success for international students in a 
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longitudinal study that spanned eight semesters. Participants in the study were from various 

countries and functioned as a minority group within the larger student body. Boyer and Sedlacek 

(1988) found the NCQ to be an effective measure of non-cognitive variables that predict the 

GPA international students. For international students, the non-cognitive variables of self-

confidence and the availability of a strong support person consistently predicted the GPA. The 

results of the study demonstrated that the NCQ had predictive validity for the persistence of 

international students. Results showed that the NCQ predicted persistence for this group, and that 

all variables were related to persistence at one point of time or another in the student’s academic 

career. International students who understand racism, can combat its effects, and perform 

community service had the higher rate of persistence.  

The NCQ was used with SAT scores to determine the predictive ability of these 

instruments as measures of the academic achievement of student athletes in a study conducted by 

Sedlacek and Adams-Gaston (1989). Male and female freshmen athletes were administered the 

NCQ at their fall orientation. The results showed that the SAT had no correlation with the grades 

of freshmen athletes, while the NCQ did predict the first semester GPA. Three non-cognitive 

variables of self-concept, strong support person, and community involvement were identified as 

predictors of GPA for freshmen athletes. The researchers concluded that SAT scores should not 

be used to decide if a freshman athlete should be allowed to compete in the first year. The 

authors recommended that colleges consider student athletes as non traditional or minority 

students with their own cultures and problems in relating to the larger institutional system.  

A study conducted by Fuertes and Sedlacek (1995) sought to determine if the eight non-

cognitive variables measured by the NCQ predicted the grades and retention of Hispanic college 

students. The research found that the NCQ effectively predicted both the GPA and retention of 
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Hispanic students. Results of this study show that the ability of the students to identify and deal 

with racism, a non-cognitive variable measured by the NCQ, was predictive of grades for the 

first three semesters in college for Hispanic students. 

 Ting (2000) used the NCQ and the SAT to predict the first year college GPA of Asian 

American freshmen attending a predominately White university. As a minority group on campus, 

Asian American students face a variety of challenges, but little information existed to explain the 

academic performance of students in this group. Studies using traditional, cognitive measures 

such as the SAT and high school GPA to predict the academic achievement of Asian Americans 

have shown low validity.  

Using a sample of 96 first-year Asian American students at a Southeastern public land 

grant research university, Ting (2000) examined factors that were related to academic 

performance and retention of this minority group on the campus. Results of this study showed 

that the SAT mathematics score along with three non-cognitive variables significantly predicted 

the first-year GPA of this group of students. The predictive non-cognitive variables for Asian 

American students were realistic self-appraisal, successful leadership experience, and 

demonstrated community service (Ting, 2000).  

Women experience an educational climate that contains subtle and overt forms of gender 

bias, which correspond with a decrease in academic and career aspirations (Ancis & Sedlacek, 

1997; NSF, 1998). The NCQ was used in a longitudinal study with and against SAT scores by 

Ancis and Sedlacek (1997) to examine how well the non-cognitive variables predicted female 

academic achievement. The NCQ was administered over a 10 year period to random samples of 

female freshmen attending orientation to enter a large, mid-Atlantic university. Cumulative GPA 

defined academic success in this study at intervals over a period of seven semesters.  
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Ancis & Sedlacek (1997) reported the reliability and predictive validity of the NCQ as a 

predictor of female academic achievement. The findings demonstrate that both non-cognitive and 

academic variables significantly predicted female GPA throughout most of the college 

experience. Traditional measures of the SAT verbal and mathematical skills scores predicted the 

academic success of female students in the sample. In addition, for female students in this 

sample, non-cognitive variables related to predicting grades at all intervals during the seven 

semesters were demonstrated community service, realistic self-appraisal, and nontraditional 

knowledge. Additionally, variables identifying successful leadership experience were 

significantly predictive of grades in the fifth semester, and those identifying the availability of a 

strong support person emerged as a significant predictor of grades in the seventh semester.  

One significant negative relationship between positive self-concept and GPA emerged in 

the study. Ancis & Sedlacek (1997) attribute this finding to a psychological concept or pattern 

based on intense, secretive feelings of fraudulence that can occur during high achievement tasks 

and situations. Individuals who experience this tend to be identified more frequently among high 

achieving high school students, female college students, and women with strong career 

orientation (Cromwell, Brown, Sanchez-Hucles, & Adair, 1990). The researchers cautioned that 

this finding required additional study (Ancis & Sedlacek, 1997). 

This study was unique in that it investigated of both traditional and nontraditional 

predictors of women’s academic achievement. The findings support other research efforts that 

indicate the importance of non-cognitive variables in predicting success, provide additional 

evidence of the predictive validity of the NCQ, and demonstrate a need for future comprehensive 

research efforts to understand female achievement in education. 



   77

Research has revealed that there are differences in the education experiences of female 

and male students. Research also demonstrates that there are both cognitive and non-cognitive 

variables which affect the academic achievement of students. Awareness of non-cognitive 

variables that affect female students is important to educators who seek to improve academic 

success and reduce attrition rates among female engineering students.  

The literature reveals that both traditional measures of cognitive ability and non-

traditional measures of non-cognitive variables can predict the academic achievement of 

students. The literature suggests that measures of non-cognitive variables may add to the 

predictive ability of the traditional measures for the academic and persistence of female students. 

However, little research has been done using the SAT and non-cognitive variables to predict the 

academic achievement of first year female engineering students. The present study sought to 

address this gap in the literature. 
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Chapter Three: Methods 

 The present study examined the value of the NCQ and the SAT in predicting the 

academic achievement of first year female engineering students, using the first semester GPA as 

the dependent variable. The NCQ (Tracey & Sedlacek, 1984) was administered to identify and 

provide a quantitative measure of non-cognitive variables related to the academic achievement of 

first-year female engineering students.  

This study employed stepwise multiple regressions using the NCQ variable scores and 

SAT Verbal and Math scores as independent variables. Participants were entering female first-

year engineering students. Each student’s first semester GPA was used as the dependent variable 

representing academic achievement. Specifically, the study was designed to explore the 

following research question: What are the contributions of each NCQ scale score, the SAT Math 

score, and the SAT Verbal score in explaining the variance in female engineering students’ first 

semester GPAs? 

 This chapter presents the methods used in the present study. This includes the sample 

selection process, the instrument employed in the study, and the data collection and analysis 

procedures used in this study. 

Sample Selection 

 The population from which the sample was drawn included all entering female first-year 

engineering students at a large Research-Extensive university in the mid-Atlantic region of the 

United States. I began the sample selection process by contacting the associate dean in the Office 

of Academic Affairs of the College of Engineering. From this contact I learned the approximate 

number of entering female engineering students and the best time to administer the 

questionnaire. The associate dean anticipated that approximately 200 female engineering 
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students would enter the college during the fall semester and she suggested that the best time to 

administer the NCQ would be during summer orientation (B. Watford, personal communication, 

June 25, 2002). In this way the questionnaire could be administered to the female students prior 

to matriculation, assuring that the NCQ measured pre-college characteristics. Between 80% and 

90% of first-year female engineering students attend orientation during the summer preceding 

their first college semester. 

Overall, 92% of entering first-year students in all majors at the institution under study 

attend summer orientation. These students are randomly assigned to orientation sessions in 

which their chosen major is advised. The College of Engineering participates in the summer 

orientation program and advises all entering first-year students who have selected engineering as 

a major and who have been admitted into the College of Engineering. The associate dean tries to 

meet personally with all incoming first-year engineering students during orientation. 

The NCQ was administered at all orientation sessions advised by the College of 

Engineering. All female students attending orientation were asked to participate in the study and 

complete the questionnaire. 

Instrument 

 The instrument used to collect data on non-cognitive variables was the Non-Cognitive 

Questionnaire or NCQ (Tracey & Sedlacek, 1984). A copy of the NCQ appears in Appendix A, 

and the message from Sedlacek giving permission for its use appears in Appendix B. The NCQ 

is designed to predict the academic success of United States college students when used in 

conjunction with the SAT or other cognitive measures. It is a pencil and paper survey that 

provides a quantitative assessment of eight non-cognitive variables which are indicative of 

academic success. Through assessing these eight variables, the NCQ has been shown to correlate 
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well with the academic success of underrepresented student populations (Tracey & Sedlacek, 

1984, 1987). 

 The NCQ has a total of 29 items. The first six items gather demographic information such 

as social security number, sex, age, parent’s occupation, and race. Then there are 23 items that 

consist of a combination of two nominal items, three open ended items, and 18 items using a 

Likert-type scale. Items on the NCQ are designed to assess eight non-cognitive dimensions 

associated with student academic success. Each of the items is a question which asks participants 

about attitudes and perceptions prior to attending college. The questions pertain to educational 

expectations, present goals, educational aspirations, past accomplishments, and involvement in 

community and leadership activities.  

The first non-demographic question is item 7 which asks, “How much education do you 

expect to get during your lifetime?” There are four possible responses that are each assigned a 

numeric value. Response options include “College, but less than a bachelor’s degree”; “B.A. or 

equivalent”; “1 or 2 years of graduate or professional study”; “Doctoral degree such as M.D., Ph. 

D., etc.” 

This question is followed by item 8 which asks the participant to list three goals that she 

has for herself. Three lines are provided for open responses. 

Item 9 asks what would be the most likely cause if the participant had to leave college 

before receiving a degree. The participant must choose one of nine possible responses which are 

assigned a numeric value. Choices include the responses “Absolutely certain that I will obtain a 

degree”; “To accept a good job”; “To enter military service”; “It would cost more than my 

family could afford”; “Marriage”; “Disinterest in study”; “Lack of academic ability”; 

“Insufficient reading or study skills”; “Other”. 
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Item 10 asks the participant: “Please list three things that you are proud of having done.” 

As in Item 8 above, three lines are provided for response. 

Next, items 11 through 28 are 18 Likert-type items which ask questions that pertain to (a) 

educational expectations regarding college and (b) self-assessment. The participant is asked to 

indicate the extent to which he or she agrees or disagrees with a specific statement, using the 

following scale: (1) strongly agree, (2) agree, (3) neutral, (4) disagree, or (5) disagree strongly. 

Examples of these items are “I get easily discouraged when I try to do something and it doesn’t 

work”; “I am sometimes looked up to by others”; “If I run into problems in school, I have 

someone who would listen to me and help me”; “My family has always wanted me to go to 

college”; and “I want a chance to prove myself academically” (Tracey & Sedlacek, 1984).  

The final question on the NCQ is item 29, the third open ended item. This item asks the 

participant to list any offices held, along with any groups that she belonged to in high school and 

the community.  

Scoring the NCQ. The NCQ is scored by using a scoring key provided by the developers 

(Tracey & Sedlacek, 1984). A copy of the scoring key can be found in Appendix C. This key is 

used to score participant responses to every item on the NCQ. I received training in the use of 

this scoring key from Raymond Ting, Associate Professor of Educational Research and 

Leadership and Counselor Education at North Carolina State University, who is expert in its use. 

Individual items are categorized into one of the eight non-cognitive dimensions. Positive Self-

Concept or Confidence (I) is scored by items, 7, 9, 10, 23, 20, and 28. Realistic Self-Appraisal 

(II) is scored by items 9, 12, and 21. Scores from items 11, 18, 22, 26, 27, are used to assess 

Understands and Deals with Racism (III). Items 8A, 13, and 19 are used to score for Prefers 

Long-Range Goals to Short-Term or Immediate Needs (IV). A fifth non-cognitive variable is the 
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Availability of Strong Support (V) and is scored by items 15, 24, and 25. Leadership (VI) is 

scored using items 14, 17, and 29A. Demonstrated Community Service (VII) is scored by items 

16 and 29B. Item 8B and item 29C are used to score Knowledge Acquired in a Field (VIII). 

Each item response is assigned a corresponding numerical value. For NCQ questions that 

have more than one response the mean score is calculated and rounded to the nearest whole 

number. Scores for each NCQ variable (e.g. “Leadership”) are computed by complex algorithms 

that are provided in the scoring key. A high score on an NCQ variable indicates a greater 

strength in that non-cognitive variable. The lowest and highest possible scores for all scales are 

displayed in Table 2. 

I scored all items of every completed questionnaire individually and recorded all 

participant item scores in a notebook. Every participant received a separate scoring page in the 

notebook. I reviewed each score a second time to check for any errors or oversights. Then I used 

the equations from the scales to arrive at a score for each non-cognitive dimension addressed by 

the NCQ. 

To enhance credibility, I sought the assistance of a second expert scorer. This expert is a 

second-year student in a Higher Education and Student Affairs master’s degree program. First, I 

reviewed the scoring key provided by the developers of the NCQ and trained the second scorer 

on the scoring procedure. Then this second expert scored each questionnaire using the same 

method that I had used. I compared the results of both scoring procedures to ensure that the same 

score was determined for each participant in all dimensions by both scorers before the data were 

used in analysis. Where I found differences, I conferred with the other scorer to arrive at a 

commonly agreed score. Overall, our initial ratings agreed 90% of the time and we were able to 

come to final agreement on all item scores.  
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Table 2 

Lowest and Highest Possible Scores of the Eight Non-Cognitive Scales Measured by the  

Non Cognitive Questionnaire 

 

             Possible Scale Scores   

        

Scale              Lowest          Highest 

 

(I) Positive Self-Concept     7   27 

(II) Realistic Self-Appraisal     4   14 

(III) Understands and Deals with Racism   5   25 

(IV) Prefers Long-Range Goals     3   13 

(V) Availability of a Strong Support Person   3   15 

(VI) Leadership Experience     3   13 

(VII) Demonstrated Community Service   2     8 

(VIII) Knowledge Acquired in a Field   2     8 
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Reliability and Validity 

Reliability. Reliability of an instrument can be determined by the consistency of items, 

the stability in responses over time, and the consistency in the administration of the instrument 

and its scoring (Gall, Borg, & Gall, 1996). Reliability of the NCQ has been measured using test-

retest evaluative methods.  

Tracey and Sedlacek (1984) used test-retest methodology in a study of two random 

sample populations to test the reliability of the NCQ. This study determined the reliability of the 

NCQ as a predictor of student academic success and persistence in college when used in 

conjunction with SAT scores. The GPA and persistence of the participants were used as the 

dependent variables in the study, and each was examined at the end of the first and third college 

semester.  

In this study the NCQ was administered to random samples of entering freshmen at a 

large eastern state university in 1979 and 1980. Only those students who completed the NCQ and 

whose SAT scores were available were selected as participants in the study. The number of 

participants chosen for the 1979 sample totaled 1529 (1339 White and 190 Black). The total 

number of participants in the 1980 sample was 444 (355 White and 89 Black).  

 As a result of this study, Tracey and Sedlacek reported test-retest reliabilities of .70 to .94 

for each of the 18 Likert-type items and the 2 nominal questions. The test-retest reliability 

median was reported to be .85. Additionally, inter-rater reliabilities of .83 to 1.00 were reported 

for the 3 open ended items. These item variables were rated by three judges and the range was 

reported with academic relatedness of goals (r = .83), degree of difficulty of the listed 

accomplishments (r = .88), long-range goals (r = .89), leadership (r = .89), community 
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involvement (r = .94), academic relatedness of activities (r = .98), and overall number of outside 

activities (r = 1.00), (Tracey & Sedlacek, 1984). 

Validity. The validity of an instrument refers to whether it actually measures what it is 

intended to measure (Gall et al., 1996). Validity of the NCQ was determined in two ways. The 

first analysis examined the construct validity of the NCQ, and the second set examined 

predictive validity.  

Examination of construct validity used principle components factor analysis to determine 

if the NCQ items were measuring the proposed non-cognitive variables. Then separate factor 

analyses were performed to test for similar results. The results of the factor analysis showed that 

the NCQ contained similar structures for each racial group and the items were congruent with the 

non-cognitive variables being measured. 

The developers conducted a second analysis to establish the NCQ as a valid predictor of 

academic success for college students. Two measures of academic success, college GPA and 

continued college enrollment were used in the study. The cumulative college GPA of the 

participants was examined during the first and third semesters of study. Using the GPA as the 

dependent variable, stepwise multiple regressions were used to determine the predictive validity 

of the NCQ and SAT scores. The NCQ was found to have good predictive validity for GPA of 

all participants in the study. The NCQ was found to be a valid predictor of college GPA when 

used alone or in conjunction with SAT scores (Tracey & Sedlacek, 1984).  

The same study used stepwise discriminant analysis to determine the predictive validity 

of the NCQ along with SAT scores in regard to student persistence. The NCQ was found to be 

highly predictive of college persistence for minority students only. The SAT scores were found 

not to be predictive of persistence for any student population (Tracey & Sedlacek, 1984).  
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Data Collection Procedures 

 Prior to the start of this study, I submitted a Request for Exemption of Research 

Involving Human Subjects to the Institutional Review Board Office of Research Compliance. 

The reviewer concurred that there was minimal risk involved to the participants in this study and 

the exemption request was granted (See Appendix D). Once approval was granted, the sample 

was selected and the data collection began.  

The associate dean of the College of Engineering at the institution under study 

administered the questionnaire during freshmen orientation. All entering female engineering 

students attending the academic engineering orientation sessions were asked to participate.  

During the orientation session, the female students were handed a packet, asked to read 

the packet instructions, and complete the questionnaire. The packet contained an information 

sheet explaining the purpose of the study, instructions for participating in the study, two copies 

of an informed consent form, and the NCQ (See Appendix E). Packet information instructed the 

participants to sign both copies of the informed consent form and keep one copy for themselves 

prior to completing the questionnaire. Once the questionnaire was completed, the participants 

were instructed to place the questionnaire into a collection envelope. The completed 

questionnaires were collected by the associate dean and given to me at the end of freshmen 

orientation. 

After receiving the completed questionnaires, I verified that the informed consent form 

had been signed, that the social security number had been provided by the participant, and that 

the participant had responded to all items on the NCQ. Any questionnaires that were incomplete 

or completed by a male participant were discarded and not included in the sample.  I counted the 

usable questionnaires and placed them in a secure file box. 
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Next, I obtained a list of the names and social security numbers of all entering female 

freshmen engineering students from the associate dean of the College of Engineering. Based on 

the social security numbers provided, I compiled a list of those female students who submitted 

completed questionnaires. This list contained the names and social security numbers of the 

female students that I could identify as participants in this study.  

To ensure that I had obtained a representative sample I counted the number of completed 

questionnaires and compared this with the number of entering female engineering students. Then 

I merged the list of social security numbers with the demographic information from the 

university’s student census file. I used chi-square analysis to compare the participant group to 

eligible non-participants on the variables of race/ethnicity and age, and I used an independent 

samples t-test to compare the participants and eligibility of non-participants by SAT total score.  

I scored each questionnaire following the scoring key provided by the developers of the 

NCQ (Tracey & Sedlacek, 1984). For each participant I entered the scale score for each NCQ 

variable into a spreadsheet using the Statistical Package for the Social Sciences (SPSS) Version 

11.0. I merged my spreadsheet of NCQ scale scores with SAT math and verbal scores from the 

university’s student census files, discarding any cases for which SAT scores were not available.  

Data Analysis Procedures 

Once the data entry was complete for each participant, I saved the data file and stored it 

for future analysis. After fall semester grades were available I merged the data file with data 

from the university’s grade file and computed grades for each participant, discarding any cases 

where participants failed to complete the fall semester.  

 To answer my research question I performed a step-wise regression analysis. Multiple 

regression analyses provide a prediction equation, indicate whether or not the equation is 
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significant, and whether the direction of the relationship is positive or negative (Cronk, 1999). 

Additionally, step-wise regression allowed me to consider the significance level of each 

independent variable. I used NCQ scale scores, and SAT Verbal and Math scores as independent 

variables and Fall GPA as the dependent variable. 

 Previous NCQ research has also used stepwise regression analysis. In almost all previous 

NCQ studies, the researchers have entered the NCQ scale scores into the regression analysis as 

first block variables, forcing the statistical analysis package to analyze their predictive ability 

before considering whether the SAT scores or other cognitive variables significantly explain the 

remainder of the variation in the dependent variable. I chose not to follow this model. Instead I 

allowed the NCQ scale scores and the SAT scores to compete equally within the regression 

analysis, so that their relative predictive value would be determined by the regression procedure 

itself. The importance of this difference in method is discussed in the final chapter. 

In conclusion, the purpose of this study was to examine the value of the NCQ and the 

SAT in predicting the academic achievement of first year female engineering students, using the 

first semester GPA as the dependent variable. The methods described in this section allowed me 

to answer the research question posed in the study.  
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Chapter Four: Results 

 This chapter summarizes the results of this study. The purpose of the study is reviewed 

first. Next, a description of the sample is presented in the following section. Then the 

demographic characteristics of participants and non-participants are examined. Finally, the 

chapter concludes with the results of the data analysis, which are arranged to answer the research 

question posed in this study.  

 The purpose of this study was to determine the value of the NCQ and SAT in predicting 

the academic achievement of first year female engineering students. The participants’ first 

semester GPA was used as the dependent variable. Previous research documents the value of 

using non-cognitive variables in addition to traditional measures of cognitive ability to predict 

academic success for certain groups. This study extends that literature by focusing on the 

variables of the NCQ that may be used as non-cognitive predictors for female engineering 

students.  

Sample Description 

 The sample used in this study was comprised of 100 first year female engineering 

students enrolled in the fall semester of 2002. Several steps were taken to obtain the sample. 

First, the NCQ was distributed at all orientation sessions to all first year female engineering 

students during the summer prior to their first year of college. Only those female students who 

completed the questionnaire by answering all questions on the survey were chosen as 

participants. One hundred four students completed the NCQ. Four of the participants were 

removed from the sample after university records revealed that these students had no SAT scores 

recorded, leaving 100 eligible participants. All 100 participants completed fall semester, so they 

comprised the final analyzed sample. 
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Data Analysis 

I began the data analysis by merging the list of social security numbers of the participants 

with the demographic information from the university’s census file. I wanted to compare 

participants to eligible non-participants on the variables of race/ethnicity and SAT scores, to 

learn whether my sample was representative of the whole. 

I used a chi-square test of independence to assess the distribution of race/ethnicity and 

independent samples t-tests to compare SAT Verbal and SAT Math score means between the two 

groups. To compare participants to eligible non-participants by race/ethnicity, I regrouped the 

data into White vs. all other race/ethnicity categories. Small cell sizes made other comparisons 

inappropriate. Table 3 shows the distribution of participants and non-participants in all 

race/ethnicity categories. Table 4 displays the chi-square analysis race and ethnicity using the 

two categories of White and all other races or ethnicities. I found that White students were 

significantly overrepresented in the participant group (chi-square = 5.09, df = 1, p = .02).  

Independent samples t-tests found no significant difference in the means of either the 

SATV (t = 1.72, df = 168, p = .09) or the SATM (t = -.33, df = 168, p = .74) between the 

participants and non-participants. Two-tailed tests and an alpha of .05 were used for these and all 

other analyses. The results of these analyses are summarized in Table 5. 

I used step-wise regression analysis to examine the predictive value of the eight NCQ 

scale scores and SATV and SATM scores, with Fall GPA as the dependent variable. Table 6 

presents the means and standard deviations for the dependent variable and each of the 

independent variables.  

Table 7 displays the results of the regression analysis. Significant predictors were SATM 

and SATV. R2 for Step 1 was .26, meaning that 26% of the variance in GPA was predicted by  
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Table 3 

Number and Percent of Participants and Non-Participants by Race/Ethnicity 

 

     Participants (N=100)  Non-Participants (N=74) 

 

      N (%)    N (%) 

 

White, Non-Hispanic    81 (81)           48   (65) 

African American     9    (9)             4     (5) 

Asian or Pacific Islander    4    (4)             7     (9) 

Foreign      1    (1)             8   (11) 

Hispanic or Latino     1    (1)             5     (7) 

Unknown      4    (4)             2     (3) 

Total              100 (100)          74 (100) 
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Table 4 

Chi-Square Analysis of Distribution of Race/Ethnicity between Participants and Non-

Participants 

 

        Participants               Non-Participants 

       (N=100)           (N=74) 

 

Race/Ethnicity   N (%)   N (%)  χ2  df p 

 

White/Non-Hispanic  81 (81%)  48 (66%) 6.00  1 .01 

All Other Race/Ethnicities 19 (19%)  26 (34%)     
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Table 5 

T-test Results for SAT Verbal and SAT Math Scores between Participants and Non-Participants 

 

   SAT Verbal                    SAT Math   

 

Group  M SD t df p  M SD t df p 

 

Participants 611 75.4 1.72 168 .09  642 64.5 -.33 168 .74 

(N=100) 

Non- 

Participants 590 78.4     645 56.2  

(N=74) 
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Table 6 

Means and Standard Deviations of Dependent and Independent Variables 

 

Variable             Mean  Standard Deviation 

 

GPA                 2.98     .71 

(I) Positive Self-Concept            17.23   2.38 

(II) Realistic Self-Appraisal              8.25   1.46 

(III) Understands and Deals with Racism          12.77   2.60 

(IV) Prefers Long Range Goals             7.09              1.09 

(V) Availability of Strong Support Person            7.68   1.12 

(VI) Leadership Experience              6.59   1.22 

(VII) Demonstrated Community Service            5.61     .94 

(VIII) Knowledge Acquired in a Field            4.41     .83 

SAT Verbal              61.05   7.53 

SAT Math              64.20   6.45   

Note. SAT Verbal and SAT Math scores are presented and analyzed using the university’s 

student data base code for these variables, which is one-tenth of the original SAT score. 
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Table 7 

Results of Step-Wise Multiple Regression Predicting Grade Point Average Using SAT Verbal,  

SAT Math, and Non Cognitive Questionnaire Scale Scores 

 

Variable  B  SE B  β  t  p 

 

Step 1 (Constant) .03  .51      .05  .96 

SATV            0.05  .01  .51  5.80  .00 

Step 2 (Constant)     -1.40  .63             -2.21  .03 

SATV            0.03  .01  .36  3.92  .00 

SATM            0.04  .01  .32  3.46  .00 

Note. R2 = .26 for Step1; ∆ R2 = .08 for Step 2. 
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variance in SATV alone. The addition of SATM at Step 2 raised the R2 value by .08, meaning 

that the SATV and SATM together explain 34% of the variance in GPA. All NCQ scale scores 

were excluded from the regression equation, meaning that they added no significant explanatory 

value to SATV and SATM for this group. 

A predictive equation can be derived from a multiple regression analysis as follows: 

 

Y'  =  B0  +  B1X1  +  B2X2 … BnXn 

 

In this equation Y is the dependent variable, the Xs represent the independent variables, and the 

B’s are derived from the first column in Table 7, and n is the number of independent variables 

(Cronk, 1999). In my study, GPA is the dependent variable and is the Y in the equation. The 

independent variable, SATV is X1 and SATM is X2. Based on the results of the regression 

analysis, B0 was found to be -1.40, while B1 and B2 can be located in the table and are .03 and 

.04, respectively.  

Based on the results of this study, the following prediction equation emerged: 

 

GPA = -1.40 + (.03) (SATV) + (.04) (SATM) 

 

The standard error of the estimate for this Step 2 equation is .63, which means 68% of all 

GPA values for this group are within +/- .63 from the value of this equation. Readers should note 

that the SAT scores used in this study are university central code values that are actually one 

tenth of the absolute SAT score. Since each SAT score ranges from 200 to 800, (or 20 to 80 in 

the university’s central coding system), this means that the SATV score explains up to 2.40 of 
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the total 4.00 GPA (.03 x 80) and the SATM score explains up to 3.20 of the overall 4.00 GPA 

(.04 x 80). These findings and their implications for future practice and research are discussed in 

the final chapter of this study.  



   98

Chapter Five: Discussion 

The purpose of this study was to determine the value of the NCQ and SAT in predicting 

the academic achievement of first year female engineering students. The participants’ first 

semester GPAs were used as the dependent variable. I analyzed the data using step-wise 

regression to determine any statistically significant predictive value of the NCQ when used with 

SAT scores for this population.  

This chapter discusses the study’s results, limitations, and implications. The first section 

addresses the research question, reviews the research process, and discusses the major finding. 

The next section lists possible limitations in the research process and how the results of this 

study may have been affected by those limitations. Implications for research, future practice, and 

policy are examined in the final section.  

Major Finding 

The study was guided by the following research question: what are the contributions of 

each NCQ scale score, the SAT Math score, and the SAT Verbal score in explaining the variance 

in female engineering student’s first semester GPA? To answer the question I administered the 

NCQ to 100 first year female engineering students prior to the start of the fall semester. SAT 

Math and SAT Verbal scores and GPA were derived from the university’s central files.  

The major finding in this study is that the NCQ did not add to the predictive value of 

SAT scores in determining the first semester GPA of female engineering students. The cognitive 

measures of the SAT Math score and the SAT Verbal score significantly predicted the academic 

achievement of first year female engineering students. The scale scores of the NCQ that measure 

eight non-cognitive variables showed no significant predictive ability in relation to first semester 

GPA of these female engineering students.  
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As Chapter Two demonstrated, previous researchers have documented a positive 

relationship between traditional measures of cognitive ability, such as the SAT, and the academic 

success of female engineering students (Astin, 1993). However, findings from other researchers 

have reported a variety of problems associated with the predictive value of the SAT (Burton & 

Ramist, 2001). Some have shown that even with high SAT scores many female students enrolled 

in engineering programs are not academically successful and frequently leave the major (Levin 

& Wyckoff, 1994).  

Another body of literature documents the effect of non-cognitive variables on the 

academic achievement of female engineering students (Hanson, 1996; Hewitt & Seymour, 1991; 

Huang & Brainard; 2001; Oakes, 1990; Sax, 1994). The NCQ was designed as a tool to assess 

eight non-cognitive variables that are related to the academic achievement of students from 

minority groups. A gap in the literature exists on the value of using both cognitive and non-

cognitive variables to predict the academic success of women who are the minority student 

population in engineering programs. This study was designed to add to this body of literature. 

This study was undertaken with the hope of identifying specific non-cognitive variables 

that could be added to the admission equation to benefit women interested in pursuing an 

engineering major or career. I was surprised to find that only the traditional cognitive measures 

of SATV and SATM were significantly predictive of GPA for this population. Based on the 

results of Ancis and Sedlacek (1997) who studied a general population of women students, I 

expected to find at least one NCQ scale score to have significant predictive value for my sample. 

Because the results of this study are at odds with a large body of previous NCQ research the 

most important implications of this study relate to understanding this difference.  
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Dependent Variable. There are several possible explanations for the unexpected finding 

in this study. First, previous studies have used a variety of dependent variables and have 

examined GPA for more than one semester. My study defined academic success as first semester 

GPA and used this single dependent variable to examine how measures of pre-college non-

cognitive and cognitive variables may predict academic achievement.  

Ancis and Sedlacek (1997) designed their study using a variety of dependent variables to 

measure the academic achievement of female students over a seven semester period. Their study 

reflects data collected over 10 years. The results of their study determined that the predictive 

ability of the NCQ scale scores differed by semester. They reported that the NCQ variables 

Demonstrated Community Service (VII), Realistic Self-Appraisal (II), and Knowledge Acquired 

in a Field (VIII) emerged as significant predictors of GPA in semesters 1, 3, 5, and 7. In semester 

5 an additional non-cognitive variable, Successful Leadership Experience (VI), was significantly 

predictive of GPA. The researchers caution that the results of their study assume that the 

academic experience of women did not change over time.  

In his study of the academic success of Asian American students, Ting (2000) also used 

NCQ scale scores and SAT scores as the independent variables, but more than one dependent 

variable was used in the study. His study examined first and second semester GPA as well as 

retention in those semesters.  

When defining academic success by GPA during fall and spring semesters, the multiple 

regression analysis in the Ting (2000) study showed that different NCQ scales predicted success 

in those semesters. Regression analysis explained 26.2% of the variance of fall semester GPA 

and 31.3% of the variance in the spring. Fall semester GPA was predicted by SATM, Realistic 

Self-Appraisal (II), and Successful Leadership Experience (VI). SATM, Realistic Self-Appraisal 



   101

(II), and Demonstrated Community Service (VII) were the significant predictors of spring 

semester GPA for the sample of Asian American students.  

My study focused on the first semester of freshman year. First year college GPA is most 

often used in research on student academic success due to the availability of this measure, 

comparable grading standards in the first year courses, and similarity in required first year 

courses. (Burton & Ramist, 2000). Researchers have reported that academic success during the 

first semester of college is highly predictive of future achievement (Astin, 1993; Pascarella & 

Terenzini, 1991). Furthermore, SAT scores are designed to predict only the first semester GPA 

(Willingham, 1985) and so this study did not go beyond that semester. It is possible that my 

study did not find predictive value for the NCQ because unlike previous researchers, I only 

examined this one dependent variable. 

Population. A second possible explanation for the difference between the findings of this 

study and previous research may be the population of interest. Previous research found that the 

NCQ adds to the predictive value of SAT scores for female students from the general population 

at a single institution (Ancis & Sedlacek, 1997). However, predicting female success and 

persistence in an engineering program is much more difficult than predicting female academic 

performance in general, and this has led researchers to conclude that studying non-cognitive 

variables might improve prediction of both academic success and persistence (Levin & Wyckoff, 

1994, 1995; Oakes, 1990; Solomon, 1985). While certain non-cognitive variables of the NCQ 

may have significant relevance for determining the academic success of female students from the 

general population, the NCQ may not be a good predictive measure for female engineering 

students. That is, women who choose to major in engineering may be different from other 

women students in ways that are relevant to this study.  
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For example, Ancis and Sedlacek reported a positive correlation between Demonstrated 

Community Service (VII), Knowledge Acquired in a Field (VIII), and the academic success of 

female students in their sample. In contrast, Sax (1994) reported a negative relationship between 

student altruism, volunteering, having a wide variety of experiences outside of the field of 

science, and student academic success in science and engineering. According to Sax (1994) the 

academically successful female engineering student possesses non-cognitive characteristics that 

are different from women who are successful in non-scientific fields.  

Campus climate. Another explanation for why the major finding of this study did not 

support previous research using the NCQ may be due to the campus climate of the particular 

institution where the research was conducted. Any population of students that experiences bias or 

differences in education may develop a variety of non-cognitive characteristics that allow them 

to achieve (Tinto, 1993). Sternberg (1985) explains a relationship that exists between traditional 

or non-traditional experiences and non-cognitive variables. His theory describes the existence of 

three types of intelligence which explain differences in basic abilities that a person may possess 

as a result of life experiences. A large body of literature exists on the subject of gender bias and 

educational differences experienced by female students. Due to gender differences encountered 

through socialization and education, women learn various ways of obtaining and utilizing 

knowledge (Belinky et al., 1986).  

The NCQ was developed to identify the non-cognitive variables that are associated with 

academic achievement for students from minority populations who may have experienced bias or 

discrimination and developed certain characteristics that differ from those in the traditional 

majority. Previous research has demonstrated that the academic success of students from 

minority groups who experience inequalities in a college environment can be predicted by the 
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eight non-cognitive variables measured by the NCQ (Ancis & Sedlacek, 1997; Boyer & 

Sedlacek, 1988; Fuertes & Sedlacek, 1994; Sedlacek & Adams Gaston, 1989; Ting, 2000; 

Tracey & Sedlacek, 1984).  

Although female engineering students exist as a minority population within their major, 

and women comprise only 40% of the student body at the institution in this study, they may not 

perceive discrimination in their program or on campus. Results of recent research conducted at 

the institution where this present study took place contribute to this conclusion. In fall 2000 an 

institutional survey on the campus climate was conducted at that university.  

The results of this survey revealed that female undergraduates do not perceive themselves 

as discriminated against at this particular institution (Hutchinson, Hyer, & Collins, 2000). 

Hutchinson, Hyer, and Collins (2000) reported that female undergraduate students believe that 

they are treated the same as their male peers by faculty and staff on campus in terms of fairness. 

Generally, undergraduate women on this campus report that they encounter similar occurrences 

of insensitive or offensive comments and materials related to gender as do the male 

undergraduate students at this institution.  

Importantly, women graduate students and faculty at this institution do not share this 

positive view of the campus climate. The perception of undergraduate women at this institution 

is that they are not treated unfairly. This may be different from the perception of women, and 

women engineering students in particular, at other institutions. This difference could explain the 

contrast between results of this study and the results of previous NCQ research. 

Methodology. The most notable explanation for the major finding in this study is the 

difference in methodology that I used and the method employed by researchers in earlier studies. 

My methodology differs from virtually all previous studies with the NCQ in the order of entry 
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for independent variables. Two specific studies, Ancis and Sedlacek (1997) and Ting (2000), 

serve as examples of these differences.  

In research conducted by Ancis and Sedlacek (1997) and Ting (2000), the researchers 

entered NCQ scale scores first in a step-wise procedure before entering the SATV and SATM 

scores. This is the procedure recommended for use in the professional literature published by 

Tracey and Sedlacek (1980) which reports that the NCQ is effective in predicting academic 

achievement. The previous researchers explained that this method allowed them to explore the 

relationships between the non-cognitive variables first before combining with SAT scores. Tracy 

and Sedlacek (1980) suggest that this is the most effective method for comparing two different 

measures.  

Tracey and Sedlacek (1980) cite two different bodies of literature that prompted their 

research. First they discuss the research that shows a significant correlation between traditional 

measures of cognitive ability followed by other studies that show the value of non-traditional 

measures of non-cognitive ability that predict student success in college. They created the NCQ 

as a measure of the non-cognitive variables associated with student success. Their study (1980) 

was designed to increase the level of understanding of the value of using both cognitive and non 

cognitive measures that may affect grades and retention. The independent variables in the study 

are the scores from the SAT and the NCQ scores, and the dependent variable is student GPA, 

similar to my study. 

Their research design (1980) explores this relationship by using a method that they say 

takes into account the previously established significant relationship between traditional 

cognitive measures and student academic achievement. Since the relationship is so strong the 

researchers advise that “cognitive and non-cognitive areas must be studied separately, and only 
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when we have relatively reliable and valid measures in each area should we combine them in a 

research study” (Tracey & Sedlacek, p. 2, 1980). Research has determined that both the SAT and 

the NCQ have proven reliability and validity for predicting academic achievement of students 

from a variety of populations since Tracey and Sedlacek (1980) first recommended the 

methodology used in their study.  

In contrast to the recommended methodology, I chose not to enter the NCQ scale scores 

as first block variables in my analysis. I wanted to understand the value that NCQ scores would 

add to an admission process that already contains SAT scores. Therefore, I allowed all 10 

independent variables to compete equally within the step-wise regression analysis. If NCQ scale 

scores had better predictive value than SAT scores, they would enter the equation first. If they 

had less predictive value that SAT scores, but still added significantly to the predictive value of 

the SAT, then they would enter the regression equation after the SAT scores.  

Neither of these results, in fact, occurred. Had I used the method employed in previous 

research, forcing NCQ scores into the equation ahead of the SAT scores, I would have obscured 

the actual, practical, and relative value of the two measures for this population. It is my belief, 

based on the results of this study, that the methodology used in previous NCQ research may 

exaggerate the value that NCQ scores add to an admission process that already relies on SAT 

scores. This observation calls for the further discussion among scholars on the whole body of 

NCQ research.  

Limitations and Implications for Research 

Each of the discussion points outlined above suggests important areas for new research. 

For example, future researchers could examine the predictive value of SAT and NCQ scores 

using different dependent variables for women engineering students. My finding also supports 
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further research on the ways that female engineering students differ from other women students. 

The interaction of perceived campus climate and non-cognitive variables should also be 

examined. Most importantly, previous studies NCQ studies should now be replicated using the 

two data analysis methodologies and the difference in results should be compared and discussed. 

In addition, some of the limitations of my study pose suggestions for future research. 

Sample size and composition. An additional limitation is also related to the size of the 

sample. Participation in this study was voluntary. While I took steps to encourage participation, 

the results may be affected by a difference between those who agreed to participate in the study 

and those who did not choose to participate. About 50% of first year female engineering students 

chose to complete the survey. The results of this study may have been different if the 

participation rate was 100% of the entering female engineering students.  

Previous NCQ studies collected data in different ways. One method obtained data from 

several cohorts over a 10 year period. Ancis and Sedlacek (1997) administered the NCQ at 

freshmen orientation for a 10 year period and analyzed data from a total sample of 1,930 entering 

female students. Other studies used a sample drawn from one single entering class of freshmen 

students. I collected data from one entering class of female engineering students that resulted in a 

total sample of 100. In comparison, the size of the sample used in my study was similar to 

previous research that included participants from one cohort of freshmen. For example, Ting 

(2000) reported a sample size of 96 participants and Sedlacek and Adams-Gaston (1989) had 105 

participants in their study.  

Results found in this study may also be limited due to the high percentage of White, Non-

Hispanic women who participated in the study. The sample consisted mainly of participants who 

are White, Non-Hispanic and not students from other racial or ethnic groups. The results of this 
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study should be viewed with caution as to how they pertain to women who are not White. Future 

research could test this limitation by studying the NCQ and SAT as predictors of academic 

success among a more racially and ethnically diverse group of female engineering students. 

Single institution. The most important limitation of this study is that all of the participants 

were from a single institution. It is possible that students on this campus were different from 

students on other campuses in some important way. If this was so, then the results might have 

been influenced by these differences.  

For example, the selective nature of the engineering program at this institution may have 

contributed to the unexpected findings in this study. At this institution, engineering students face 

a highly competitive and selective process for admission. Results could be different at an 

institution whose engineering program is less selective. 

As explained above, the undergraduate women at this institution do not generally 

perceive themselves to be treated unfairly. At other institutions this may not be the case and the 

results at those institutions could be different from mine. The findings of this study call into 

question the results of single studies, performed at single institutions that use the NCQ to predict 

the GPA of students from minority populations.  

All previous research that reported on the predictive value of the NCQ and the SAT 

collected data from samples at single institutions and most were conducted at the same institution 

(Ancis & Sedlacek, 1997; Boyer & Sedlacek, 1988; Fuertes & Sedlacek, 1995; Sedlacek & 

Adams-Gaston, 1989; Tracey & Sedlacek, 1984, 1985, 1987). All of these studies were 

conducted at a large, predominantly White, state university in the Eastern region of the United 

States. It is possible that previous results reflect the institutional character of this single 

university, and similar studies at other types of institutions would yield findings that are more 
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like mine and less like the previous studies. Any single-institution study should be replicated in 

other settings and applied generally to the broader population. This is true for my study as it is 

for previous NCQ research, and this fact alone provides a rich field of exploration for future 

research.  

To extend my study to other settings, data could be collected from samples of first year 

female engineering students entering other public colleges and research oriented universities 

located in other regions of the United States. Such a study would provide further insight into 

determining the relative value of the NCQ and SAT as predictors of academic achievement for 

these populations. Additional research that extends this study to private institutions, including 

women’s colleges, liberal arts colleges, and colleges that are racially or ethnically oriented, 

would add significantly to the literature on female engineering majors. 

Like most previous research comparing the SAT and NCQ as predictors of academic 

success, my study was only able to explain about one third of the variance in GPA; two thirds 

remains unexplained. Future researchers may find that this remaining variance in GPA cannot be 

explained by pre-college characteristics, even when first semester GPA is the dependent variable.  

 Despite these limitations, the study was important. It yielded useful and surprising 

information that addressed a significant gap in the literature on the use of both cognitive and 

non-cognitive variables as predictors of first year academic success of female engineering 

students. It examined the value of the NCQ and SAT as measures of non-cognitive and cognitive 

variables in predicting the academic success of female engineering students during the first year, 

and it uncovered a serious question of methodology for this whole body of research.  
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Implications 

Assuming the findings here can be replicated elsewhere, they have implications for 

policy and practice. These implications extend to personnel involved in university 

administration, financial aid and admissions officers, engineering college officials, secondary 

education teachers and counselors, and female students themselves. Additionally, the findings of 

this study hold implications for persons involved in setting federal and state policy as well.  

University administrators. This study has significance for many university constituencies 

in areas of practice and policy. In higher education, the results of standardized tests affect access 

to an institution, institutional choice, financial aid, and placement in a particular course of study 

(Perna, 1998). Since higher education provides opportunity for increased earning potential and 

elevated socioeconomic status, the number of spaces available for entering students within 

educational institutions are highly competitive (Gurin, 1999). 

University administrators, educators, and student affairs professionals who provide 

funding and programming to increase the academic success and retention of female engineers 

may benefit from this study. Results of this research emphasize the need to examine ways to 

develop the cognitive variables reported by previous research that are related to the academic 

success of female engineering students and to support women in their cognitive studies.  

Since non-cognitive characteristics are an integral part of student success many 

universities provide significant funds, time, and energy for the development of educational 

support programs for female engineers. University administrators may benefit from this study 

when deciding which programs to fund. Programmatic efforts at this technical university are 

often based on meeting the non-cognitive developmental needs of female engineering students. 

The results of this study indicate that development of pre-college non-cognitive characteristics 
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do not predict success at this institution for female engineering students. Professionals involved 

in this area of program development may want to direct their funding and programming toward 

programs that develop cognitive characteristics that are important for female engineering 

retention during the college experience. 

Financial aid officers. The results of this study give staff in the financial aid and 

scholarship office a better understanding of how to promote academic achievement for female 

engineering students. Student test scores also determine the type or amount of financial aid 

received. Scholarships and other forms of financial aid promote student access to higher 

education and increase retention (Perna, 1998). Staff in the financial aid office could provide a 

list of scholarships and other financial aid opportunities that are based on cognitive ability 

assessed by the SAT to all entering female engineering students. Office personnel could also 

work to develop funding for additional scholarship opportunities based on aptitude for women 

seeking admission to the engineering major.  

Admission office personnel and officials in the engineering college. Assessment of 

student achievement and aptitude has become very widespread in the U.S. and is generally 

thought to be necessary to determine ability and success of both the student and the institution. 

Opportunity for advancement and access to higher education is dependent upon the results of the 

standardized tests (Camera, & Echternacht, 2000). Appropriate or inappropriate use and 

interpretation of test results has the potential to promote good or to harm (Bertrand & Cebula, 

1980; Vaughn, 2002). 

Personnel in the admission office and officials in engineering colleges spend many hours 

evaluating student applications to determine which students are most likely to succeed at the 

institution and in the engineering major. Increased awareness that pre-college cognitive measures 
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provide the best predictors of first year success for female engineering students may provide 

clearer insight and direction in the admissions process. Based on these findings, college 

administrators may feel more confident continuing to use the SAT as an evaluative measure in 

their admission criteria, and not direct time or funding toward non-cognitive factors in the 

admissions evaluation. 

Secondary school personnel. Administrators, advisors, and teachers who work in 

secondary schools may also benefit from this study. College admission criteria often guide and 

determine the curriculum of primary and secondary schools. Every year over a million high 

school students in the U.S. take the SAT or the ACT to determine their potential for success at a 

particular institution (Atkinson, 2002). Standardized testing at the secondary level seeks to 

determine achievement and student performance to produce students capable of succeeding in 

colleges (Vaughn, 2002). The results of this study provide an increased awareness of the 

continued importance of developing the cognitive ability of female students.  

Educators in the secondary schools can require or encourage female students to take 

higher level math and science courses, participate in science fairs and projects, offer learning 

activities in science and technology that involve women, and encourage female students to 

pursue future education and careers in science or engineering. Such efforts may educate the 

young women and their parents on the importance of science and technology in today’s job 

market for both genders and for future academic and employment success.  

Female students. The results of this study can be useful to women interested in pursuing 

engineering as a major or career. The knowledge provided by the research might be used to 

better understand the best way for a female to prepare for ultimate success in this field.  
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They may gain a better understanding of how their education may differ from that of 

male peers and how these differences impact their high school experience education and college 

success. The results of this study demonstrate to female students the significant correlation 

between cognitive variables and academic achievement in engineering. Women interested in 

science or engineering can use the information provided in this study to help prepare for future 

study by selecting upper level math and science courses and by participating in math and science 

fairs, clubs, and competitions. 

Federal government policy. The results of this study may increase the level of 

understanding of state and federal government officials who are involved in court decisions to 

determine acceptable admission criteria. The results of standardized testing determine future 

opportunity of students and court decisions provide a guide for practice and implementation. 

Changes required by the courts in admissions criteria in higher education have prompted states 

and local communities to reform their educational standards. Higher education needs to 

determine if traditional methods of standardized testing adequately measure and evaluate 

students from a variety of backgrounds to provide a guideline for the primary and secondary 

schools (Burton & Ramist, 2001). If replicated in other settings the results would support the use 

of the SAT as an adequate measure of predicted success for female engineering students.  

Founders of this nation believed that a well informed and educated citizenry would insure 

the existence of a strong, stable democracy. The federal government has placed an emphasis on 

providing education to qualified citizens as the most important way to achieve optimal learning 

for all and equal opportunity in society (Trowe, 1997). Federal interests have led to the 

implementation of policies that intend to provide access, increase retention, and insure quality 

education at all levels of the educational system. These interests also include the expansion of 



   113

opportunities to learn, the issue of promoting choice and access to educational institutions, and 

the protection of the rights and interests of certain groups of citizens (Blanchette, 1994; Gladieux 

& King, 1999). If the finding of this study can be replicated, policies that intend to increase 

access, increase retention, and insure quality education should focus on the development of 

cognitive skills for female students.  

State government policy. State policymakers may use the results of this study to support 

public funding of programs at state institutions that promote the development of cognitive 

ability. State government interests are similar to the interests of the federal government on 

education, but include additional goals that require additional legislative policy on the state and 

local levels. State government is interested in promoting access and success in the institutions 

that exist within their state borders. The results of this study demonstrate the SAT is a significant 

predictive measure of female student success in engineering programs.  

The ability for the state funded educational institutions to thrive is of great interest at a 

time of fiscal austerity. Efficient and effective use of funds, the survival of the institutions, and 

the learning outcomes of students are extremely important at the state level. Legislators have a 

vital interest in assessments that demonstrate learning and quality education (McGuinness, 

1999). This study provided an assessment of the value of the NCQ and the SAT in predicting 

female academic success at a state land grant university. The results determined that cognitive 

ability alone predicts the academic achievement of female engineering students and state 

policymakers may want to use the information to direct state funds.  
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Conclusion 

As the face of the nation’s population continues to change, the demands upon higher 

education will increase to produce a widely diverse and well developed citizenry. National 

economic success in a global market requires a workforce of individuals who can compete in 

major scientific endeavors of international importance. Colleges and universities must educate 

and train individuals who are capable of high achievement and have the flexibility to use 

technological and scientific skills in a variety of different contexts.  

Increasing the academic success and retention of women in engineering continues to be a 

challenge for those in higher education. This study offered valuable information to educators, 

researchers, and women interested in pursuing the study of engineering. The major finding 

suggests that for this population of female engineering students only cognitive predictors of 

academic ability are significant.  

These results are surprising in light of previous research and existing literature that 

demonstrates the powerful impact of non-cognitive variables on the academic success of college 

students. My finding does not call into question the whole body of research on non-cognitive 

variables. Rather, it calls into question the usefulness of the NCQ instrument as a measure of 

academic success for these students, and it challenges the common methodology used in 

previous research on the NCQ. 
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• Secured guest speakers for student group instruction 
• Monitored program participation, activity, and compliance 
• Facilitated Project Success student group 
• Re-designed and administered program survey evaluation survey 
• Compiled and reported assessment results using quantitative and qualitative methods 

 
Alumni Association Practicum,  
Virginia Tech, Blacksburg, VA, May 2002–August 2002 

• Served as assistant to Alumni Relations staff  
• Assisted with planning and implementation of the Summer Escape program for university 

alumni 
• Formulated program cost data base and monitored program budget 
• Created and maintained data base for program guest registration information 
• Planned and conducted historical campus tour 
• Assessed program evaluation responses using quantitative and qualitative methods; reported the 

results 
 
Scholarship Coordinator and Office Services Specialist, College of Natural Resources,  
Virginia Tech, Blacksburg, VA, December 1999-July 2001 

• Provided administrative support to the Associate Dean, Academic Advisor, and the Program 
and Diversity Coordinators in the college Academic Programs Office 

• Worked with all college faculty and departments, and the offices of Financial Aid, Student 
Accounts, Sponsored Programs, Development Office, and Virginia Tech Foundation  

• Advised students on academic requirements, course selection, and career opportunities 
• Assisted with planning and implementation of Orientation, Fall and Spring Graduation, and 

other college events 
• Marketed College and department programs to prospective students, parents, and high school 

personnel 
• Contacted scholarship donors to solicit award pledges and provide recipient information 
• Determined amount of scholarship funding available and monitored accounts 
• Assisted Associate Dean with scholarship award compliance and planning of scholarship 

awards  
• Created and maintained payout schedule of awards 
• Revised, planned, and coordinated schedule of classes for all college departments 

 



 

Service Representative, Chase Manhattan Bank, 
Manlius, NY, September 1996–August 1999 

• Assessed customers financial situation, needs, and provided financial information and advice 
• Marketed products and services through personal and telephone contact 
• Planned and designed innovative product and service promotions, campaigns, and events 
• Coordinated and hosted events for valued customers 
• Directed clients through various banking transactions and procedures 
• Resolved customer problems and conflict 
• Implemented security procedures and directives 

 
Representative to Parish Council, Ascension Church,  
Hurricane, WV, May 1994–June 1995 

• Managed church administration to accomplish mission and goals 
• Planned church programs, events, and budget 
• Formulated, monitored, and participated in capitol campaign  
• Designed fund raising campaigns for new community worship center and community activities 
• Assessed community present and future needs 
• Assisted with development and implementation of religious education instruction 

 
Office Manager, Amputee and Brace Center,  
Lakeland, FL, August 1990–July 1992 

• Managed medical office to accomplish administrative and clerical activities, and provide 
patient services 

• Maintained accurate and concise communication between physicians, office practitioners, 
satellites and main offices, hospitals, care facilities, and insurance companies 

• Supervised and directed contract compliance with Medicare, Medicaid, HMO, and private 
insurance carriers 

• Managed and projected accounts receivable and accounts payable  
• Verified and maintained accuracy of patient, employee, and office accounts and records  
• Supervised and trained secretarial employees 
• Contracted office cleaning services, grounds maintenance, and purchase of supplies 
• Coordinated orders for medical supplies and devices with medical suppliers  
• Balanced ledger on a monthly and annual basis 

 
 
PROFESSIONAL SERVICE AND MEMBERSHIP 

• Treasurer and Founder, Chi Sigma Alpha, National Honor Society, 2002–2003 (CSA) 
• Conference Chair, Association for Student Development, 2002 (ASD) 
• Virginia Tech On Call Crisis Intervention Team, 2000–Present 
• Sexual Assault Task Force of Virginia Tech, 2001-Present 
• Virginia Tech Orientation Team, 2000–2001 
• National Association of Student Personnel Administrators (NASPA) 
• American Association for Higher Education (AAHE) 
• Virginia Association of Colleges and Employers (VACE) 
• National Association of Female Executives (NAFE) 
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