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ABSTRACT 

REPORTED IDEAL TRAITS OF A MENTOR AS VIEWED BY AFRICAN 

AMERICAN STUDENTS IN SCIENCE, TECHNOLOGY, 

ENGINEERING, AND MATHEMATICS 

by  Mary L. Smith 

August 2017 

The purpose of this study was to examine undergraduate students 

majoring in science, technology, engineering, and math disciplines perception of 

traits an ideal mentor should possess, and to determine if these traits had 

positive results on their identification with science.  With a large number of 

workers in STEM disciplines retiring, there is a projected need for more 

underrepresented minorities to fill these positions. In order to increase diversity in 

the workforce, efforts must be made to retain underrepresented minorities in 

STEM education beginning at the undergraduate level and continuing throughout 

the graduate level.  This intervention should begin as early as the freshman year 

and continue beyond the sophomore year, considering this group of students 

lose interest in STEM, exhibit a sense of hopelessness which in turn leads to 

these students changing their majors and/or leaving the discipline altogether.  

Increasing the representation of individuals from underrepresented groups in 

STEM fields is a function of pipeline flow (McGee et al., 2012), which is 

measured as the rate at which trainees enter and advance through the pipeline to 

the workforce. 
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This study provided demographics of one hundred seventy five (175) 

students attending two private Historically Black institutions in the state of 

Alabama.  Survey questions were structured to analyze quantitative data.  This 

primary method of analysis utilized descriptive statistics to measure the most 

important indicators that influence students’ perceptions of an ideal mentor.  The 

collection of quantitative data was adapted from instruments designed by Dr. Gail 

Rose (2003) and Dr. Sylvia James (2007). Rose (2003) Guidance, Integrity, and 

Relationship subscales were used to assess values that students placed on each 

subscale.  Dr. James’ scale examined the role of identity and other sociocultural 

factors as causes of the science achievement gap for African American students.  

She further emphasized the importance of informal programs or non-school 

settings in promoting identities that are conducive to science learning in African 

Americans.  

Three research questions were considered. The overarching research 

question was, what ideal traits do students report as being the most important in 

an ideal mentor that could be a contributing factor in their persistence in STEM? 

Research question one was: to what degree do African American STEM students 

at two HBCUs in Alabama identify as a scientist as determined by Science 

Identity Scale Scores (SIS)? Research question two was, what is the relationship 

of Ideal Mentor Scale Scores (IMS) and Science Identity Scale Scores (SIS) 

among African American STEM students at these HBCUs? 

Frequency data and Pearson Correlation were used to analyze data that 

were obtained from the web-based surveys via Qualtrics. Findings from this 
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study showed that students identified 11 of the 34 items from the Ideal Mentor 

Scale (Rose, 2003) as being ‘very’ and ‘extremely important’ as it relates to ideal 

traits of a mentor. However, in regards to research question one, study 

participants did not exhibit a strong identification with science. Research question 

two, when looking at the relationship between the Ideal Mentor Scale Scores and 

Science Identity Scale Scores, there was not a statistically significant relationship 

between the two, although there was a statistically significant relationship among 

the three subscales of guidance, relationship, and integrity, with students valuing 

integrity more so than guidance and relationship. 

Findings from the study also showed that ninety-nine of the participants in 

the study currently do not have a mentor. Consequently these students 

demonstrated the ability to give their perception of an ideal mentor. 

The two universities used in the research study were Tuskegee University 

and Stillman College. Recommendations from the study will be provided to both 

colleges and universities that have existing STEM mentoring programs as well as 

those that do not have STEM mentoring programs resulting from this data. 

Parents, and local, state, and federal government agencies will also benefit from 

the results of this study. Furthermore, the recommendations will provide said 

individuals with pertinent information describing the potential success of students 

when provided the appropriate support or intervention. 
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INTRODUCTION 

Mentorship is often cited as a key strategy for exciting, supporting, and 

keeping students and young scientists and engineers in the fields of science, 

technology, engineering, and math (Jackson, Palepu, Szalacha, Caswell, &Carr, 

2010, p. 70; NRC, 2007, 2011a, p. 10). This is particularly true for individuals 

who have not historically participated in these areas, such as young women and 

underrepresented minorities (Jackson, Palepu, Szalacha, Caswell, &Carr, 2010, 

p. 70; NRC, 2007, 2011a, p. 10). 

Mentoring programs have become prevalent, and appear to be a widely 

utilized approach in intervention programs for minorities (Tsui, 2007). In 

designing intervention programs to increase interest and sustain persistence in 

STEM fields, Ginorio and Grignon (2000) recommended the consideration of the 

principle “each student needs at least one person to serve as a mentor, someone 

who has faith in them and will provide necessary information or support at key 

junctures involving choice.” In a White House briefing, President Obama stated: 

Every person in this room remembers a teacher or a mentor that made a 

difference in their lives. Every person remembers a moment in which an 

educator showed them something about the world–or something about 

themselves that changed their lives....And innovators...are made in those 

moments. Scientists and engineers are made in those moments.... 

(Obama, 2010). 
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Background 

One of the most comprehensive theoretical perspectives concerning 

mentoring students has been proposed by Cohen (1995) who defined mentoring 

as a deliberate effort to provide support to minority students, both formally and 

informally, through frequent contact and interaction with mentors .According to 

Roberts (2000), the more successful African American college students had a 

mentor or group of mentors who not only encouraged them, but followed them 

throughout their graduate school experience and beyond to their professional 

careers. 

The most widely studied outcome variables resulting from mentoring 

include everything from retention and graduation rates to comfort with the 

educational environment. Overall, findings have been positive and indicated a 

positive relationship on the impact of mentoring on student persistence and/or 

grade point averages of undergraduate students (Campbell & Campbell, 1997; 

Freeman, 1999; Kahveci et al., 2006; Mangold et al., 2003; Pagan & Edwards-

Wilson, 2003; Ross-Thomas & Bryant, 1994; Salintri, 2005; Sorrentino, 2007; 

Wallace et al., 2000). 

Graduate students conceptualize mentoring as having several roles 

involving academic, facilitative, professional development, career, and personal 

support (Faison, 1996). Similar findings were found with online doctoral students. 

These students perceived online mentoring relationships to involve both 

academic and social-emotional interactions (Edwards & Gordon, 2006). Studies 

have shown the impact of mentoring relationships on graduate student’s 
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retention, completion of the doctoral dissertation, and future opportunities in 

STEM careers. 

Nonetheless, previous research has shown that mentoring increase 

minority students academic achievement, as well as enrollment and retention 

(Abriam-Yago, 2002; Tinto, 1993; DeFour& Hirsch, 1990; Terenzini& Wright, 

1987; Van eps et al., 2006;Wilson et al., 2010; Yeager, 2000). Slaughter et al. 

(2006) of the Black Caucus of the Society for Research in Child Development 

stated that the needs and requirements for mentoring African American students 

included: (a) culturally appropriate and diverse instruction; (b) suitable role 

models from similar cultural backgrounds who were knowledgeable about 

academic content in their areas; (c) institutional forms of support, including 

financial assistance and infrastructures supportive of student life styles and goals 

as well as student visibility and participation; and (d) continued development of 

institutional norms for selection and retention, relative to the academic 

performance(s) of such students. 

In order to provide African American students with a nurturing environment 

and needed support, a range of intervention programs have been created to 

operate on college and university campuses (Tsui, 2007). These programs were 

developed to address the race/ethnic disparity in STEM participation. Some of 

the programs have targeted the preparation STEM majors receive prior to 

enrolling in post-secondary programs; others focus on the experiences of STEM 

students on college or university campuses (Wilson, et. al, 2012). 
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Statement of the Problem 

Although there is a great deal of research on mentoring, Tillman (2001) 

noted that the mentoring of African Americans is often grouped in the category of 

“women and minorities” because of their similar difficulty in finding mentors and 

establishing successful mentoring relationships. 

Literature on mentoring indicates that effective mentors (those highly rated 

in student surveys) possess specific personality characteristics and interpersonal 

traits (Blackburn, Cameron, & Chapman, 1981; Clark et al., 2000; Cronan-Hillix 

et al., 1986; Gilbert, 1985; Sanders & Wong, 1985). In terms of personality, 

desirable mentors are intelligent, caring, and appropriately humorous. They are 

flexible, empathic, and patient. Good mentors are interpersonally supportive, 

encouraging, and poised. They appear to exude “emotional intelligence” 

(Goleman, 1995).  In addition to demonstrating these qualities, highly rated 

mentors are ethical (Kitchener, 1992), psychologically well adjusted (Cronan-

Hillix et al., 1986), intentional role models (Gilbert, 1985), and well-known as 

scholars and professionals (Blackburn et al., 1981; Sanders & Wong, 1985). 

This study will attempt to identify some of the above traits of effective 

mentors. Therefore, this study will propose to describe perceived ideal traits a 

mentor should possess reported by African American students majoring in 

science, technology, engineering, and mathematics at HBCUs. This study will 

also examine students’ perception of themselves when it comes to science as 

well as how other perceive them when it comes to science. 
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Research Questions 

Based upon the literature and research problem stated, several questions 

were developed for the purpose of this study. The researcher will examine 

African American students view on traits of an ideal mentor. The study will have 

one overarching research question divided into two sub-questions.  

Overarching Research Questions 

What ideal traits do students report as being the most important in an ideal 

mentor that could be a contributing factor in their persistence in STEM? 

Specific Research Questions 

1. To what degree do African American STEM students at HBCUs at two 

HBCUs in Alabama identify as a scientist as determined by Science 

Identity Scale Scores (SIS)? 

2. What is the relationship of Ideal Mentor Scale Scores (IMS) and 

Science Identity Scale Scores (SIS) among African American STEM 

students at these HBCUs? 

 

Definition of Terms 

CMC– The process of using computer mediated communication to 

mentor. 

COP – Acronym for culture of practice. The importance of engagement as 

a component of learning and the relationship between engagement and identity 

are paramount in culture of practice. 
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Culture– A group of norms, behaviors, beliefs and values that are specific 

to a certain group of individuals. 

Formal mentoring – This form of mentoring typically has a third party who 

matches the mentor with the mentee. 

HBCUs –Historically Black Colleges and Universities. 

Ideal Mentor Scale (IMS) – A scale that was written to help students 

identify the relative importance of several mentor functions and characteristics.  

The Ideal Mentor Scale consists of 34 items that reflect aspects of a mentoring 

relationship that may or may not be important to students (Rose, 2005). 

Informal mentoring– An informal mentoring relationship is typically defined 

as an intense relationship, lasting eight to ten years, in which a senior person 

oversees the career and psychosocial development of a junior person 

(Douglas,1997). 

Institutional Culture– Defined by the set of shared attitudes, values, goals, 

and practices that characterizes the institution. 

Marginalized–The process in which something or someone is pushed to 

the edge of a group and accorded lesser importance.  This is predominantly a 

social phenomenon where a minority or sub-group is excluded, and their needs 

or desires are ignored (http://businessdictiionary.com). 

Mentee –An often younger inexperienced individual that seeks guidance, 

support (i.e., social and career), advice, and knowledge from a more experienced 

individual in assisting them in reaching their desired educational goals. 
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Mentor– Someone of superior rank, prestige, and special achievements 

that counsel, instruct, guide, and facilitate the intellectual or career development 

of mentees (Dixon-Reeves, 2001). 

Mentoring– A reciprocal relationship characterized by trust, respect, and 

commitment, in which a mentor supports the professional and personal 

development of another by sharing his or her life experiences, influence, and 

expertise. 

Mentoring functions – The roles or behaviors demonstrated by the mentor 

within a mentoring relationship that enhance the career, personal, and academic 

development of the mentee. 

Non-inclusive –An individual or group of individuals overlooked or deemed 

unimportant leading to a feeling of isolation. 

Other-mothering–This word dates back to slavery as when children were 

displaced from their birth mothers and sold to slave owners; the responsibility of 

raising these children fell upon other mothers who were also bought by the same 

slave owner. 

Peer mentor–A one-on-one relationship between an older youth and a 

younger youth.  Through this special relationship, peer mentors provide advice 

and support and serve as role models for younger people. 

Persistence – Firm or obstinate continuance in a course of action in spite 

of difficulty or opposition. 

Pipeline flow – Pipeline flow is measured as the rate at which trainees 

enter and advance through the pipeline to the workforce. 
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Pipeline leak – A term that refers to the unintended loss of trainees from 

the disciplines. 

Protégé – one who is protected or trained or whose career is furthered by 

a person of experience, prominence, or influence. 

PWIs –Predominantly White Institutions. 

Racial identity– Van Camp, Barden and Sloan (2010) defined racial 

identity as the quality and extent of identification a person has with his or her 

racial group. 

SEM – Acronym for Science, Engineering and Mathematics. 

Social Cognitive Career Theory (SCCT)– Examines the manner in which 

people develop and elaborate on career and academic interests, select and 

pursue choices based on interests, and perform and persist in their occupational 

and educational pursuits (Brown, 2000a; Hackett, 2000b;Lent, 1994). 

Science Identity (SI) – Demonstrates the ability to understand and be 

competent with science content and exemplify the necessary skills that are 

related to particular disciplines or area of study. It also describes how students 

think science is related to who they think they are. 

Science Identity Scale (SIS) – A scale that measures how students feel 

about themselves and their capabilities. 

Social Identity Theory – A theory developed with the purpose of 

understanding how individuals make sense of themselves and other people in 

the social environment. 
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STEM –Acronym for Science, Technology, Engineering and Math 

Education. We focus on these areas together not only because the skills and 

knowledge in each discipline are essential for student success, but also because 

these fields are deeply intertwined in the real world and the most effective way in 

which students learn. If you compare the differences in perceptions within 

different disciplines; biology, chemistry, physics, physical science, engineering, 

and mathematics. 

URM –Underrepresented minorities. 

Assumptions of the Study 

This research was conducted with the following assumptions: 

1. The study participants are volunteers in the study. 

2. Participants respond to the survey in an open and honest manner. 

Rationale for the Study 

In October of 2005, the United States General Accounting Office (GAO) 

released a report recommended that fostering mentoring was important for 

improving participation in STEM fields. This recommendation, however, is 

challenging to implement for a number of reasons. Not only is mentoring 

inconsistently defined in the literature, it often means different things to different 

people. In addition, little is known about students’ perceptions of the importance 

of mentors for their own educational and professional development. Without 

knowing how students perceive mentoring, it is more challenging to be 

successful in explaining to students how and why they might benefit from 

mentors. In addition, knowledge about which aspects of mentoring relationships 
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can lead to student retention is important for developing and strengthening 

mentoring program. 

According to George et al. (2005), faculty and students in science, 

technology, engineering and mathematics (STEM) fields had varied views of both 

the definition and the perceptions of mentoring. Students, it was found, viewed 

the mentor relationship as a personal one and both students and faculty 

articulated a distinction between academic advising and mentoring. Students 

also agreed with the following definition of mentoring, an interaction between a 

more experienced person and a less experienced person (George & Neal, 2005). 

Mentoring provides guidance that motivates the mentored person to take action. 

The purpose of this study is to identify African American students in science, 

technology, engineering, and mathematics perceptions’ of ideal traits of a mentor 

and their relationship and self-perception with science. 

Summary 

This chapter states the problem or rationale for the study and research 

questions studied, as well as lists the limitations, assumptions, and justification 

for the study’s purpose. The following chapter will explain the role of HBCUs and 

effective mentoring in students’ success in STEM. These factors will be further 

investigated within this study along with examples of findings from previous 

studies
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REVIEW OF RELATED LITERATURE 

Introduction 

Vice Provost and professor emeritus at Ohio State University, asserted 

that “It is one thing to admit students into programs of higher education....it is 

quite another to “accept” them into a warming climate of inclusivity where they 

are supported through mentoring efforts. Lack of support and limited access to 

high quality undergraduate preparation may in turn influence the academic 

progress of some non-white students who aspire to join the professoriate” (Hale, 

2004). 

Mentoring is not a new concept as it may date back as far as the Stone 

Age (Dickey, 1996). The origins of the word “mentor” stem from Greek 

methodology. In the Odyssey, the main character, Odysseus, entrusts his friend, 

Mentor, to help him prepare to fight in the Trojan War. Mentor serves as a wise, 

responsible and trusted advisor who guides Odysseus’ development (Miller, 

2002). Despite its long history, there is currently an absence of a widely-accepted 

definition (Dickey, 1996; Johnson, 1989; Miller, 2002; Rodriguez, 1995; 

Zimmerman & Danette, 2007) and a lack of theory to explain what roles and 

functions are involved in a mentoring experience and how these experiences are 

perceived by college students (Jacobi, 1991; Merriam, 1983; Phillip & Hendry, 

2000). 

Crisp and Cruz (2009) identified the ambiguity when it comes to literature 

on mentoring, which is supported by the fact that there are over fifty definitions 
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varying in scope and breadth (p. 527).Education researchers have not explicitly 

provided readers with an operational definition of mentoring (Boice, 1992; 

Borders & Arredondo, 2005; Cronan-Hillix et al., 1986; Lee, 1999; Mangold et al., 

2003, Roger & Tremblay, 2003; Ross-Thomas & Bryant, 1994). Moreover, the 

literature includes definitions specific to, and reflective of the researcher’s 

discipline (i.e., business, psychology, education).   

Within the context of higher education, the absence of a consistent 

definition of mentoring has also been repeatedly recognized (Dickey, 1996; 

Johnson, 1989; Miller, 2002; Rodriguez, 1995). Existing definitions of mentoring 

offered have often been extremely broad or lacking entirely. Mentoring as defined 

by Brown et al. (1999) and Murray (2001) is a one-on-one relationship between 

an experienced and less experienced person for the purpose of learning or 

developing specific competencies. 

Blackwell (1989) has defined mentoring in more specific terms, stating that 

mentoring “is a process by which persons of a superior rank, special 

achievements, and prestige, instruct, counsel, guide and facilitate the intellectual 

and/or career development of persons identified as protégés” (p. 9).According to 

Crisp and Cruz (2009), the open or lacking definition has understandably been 

described by researchers as an opportunity for the functions or characteristics of 

mentoring to be revealed by participants, allowing the definition to be reflective or 

representative of their own academic experience (p. 528). 



 

13 
 

Although there has been a large amount of disagreement when it comes 

to the definition of mentoring, many researchers are in agreement with Jacobi’s 

(1991) findings on the basic functions of the mentoring relationship. A mentoring 

relationship focuses on: 

1. Achievement or acquisition of knowledge. 

2. Consists of the following three components: emotional and 

psychological support, direct assistance with career and professional 

development, and role modeling. 

3. Is reciprocal, where both mentor and mentee derive emotional or 

tangible benefits. 

4. Is personal in nature, involving direct interaction. 

5. Emphasize the mentor’s greater experience, influence, and 

achievement within a particular organization. 

In conjunction with the above functions of a mentoring relationship, many 

researchers since Jacobi’s (1991) findings also agree that such broad forms of 

assistance should include planned activities with a faculty member (Bernier et al., 

2005; Campbell & Campbell, 1997; Collier & Morgan, 2006; Ishiyama, 2007; 

Kahveci et al., 2006; Salinitri, 2005). 

On the contrary, there has been little agreement about what activities 

should be included in providing these broad forms of support to students. For 

example, Collier and Morgan (2006) utilized peer mentoring videos, weekly 

college adjustment tips, and participation in quarterly discussion groups, whereas 
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Ishiyama (2007) provided support to students in the form of participation in 

undergraduate research. According to Pagan and Edwards-Wilson (2003), 

mentoring activities were limited to two or more meetings and telephone 

conversations with a faculty member and letters from the program office. The 

personal aspects of a mentoring relationship have changed. Researchers since 

Jacobi (1991) have infused technology, namely the internet as part of the 

students’ mentoring activities (Carlson & Single, 2000; Collier & Morgan, 2006; 

Edwards & Gordon, 2006). 

Recent literature in business and academe builds on the findings of earlier 

studies, but rather than assigning a classification to mentoring, as in Sand et al.’s 

(1991) study, many authors divide the role of mentor into four subsidiary roles 

(sponsor, coach, role model, and counselor), attributing the collective functions of 

these roles to mentoring (Clutterbuck & Lane, 1999, 2004; Luecke, 2004; Murray, 

2001). Daloz (1999) defined a mentor’s role as “engendering trust, issuing a 

challenge, providing encouragement, and offering a vision for the journey” (p. 

31). In addition, reciprocal respect (Alpert, Gardner &Tiukinhoy, 2003; Carr et al., 

2003; Luecke, 2004), predictability and commitment (Alpert et al., 2003; Luecke, 

2004; Luna & Cullen, 1995), as well as understanding and empathy (National 

Academy of Sciences, 1997) further shape the relationship. From this 

perspective, mentoring is a reciprocal learning relationship. It is characterized by 

trust, respect, and commitment, in which a mentor supports the professional and 
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personal development of another, by sharing his or her life experiences, 

influence, and expertise. 

Due to the difficult nature in reaching a consensus on an overall definition 

of mentoring, identifying the roles and functions of a mentor is even more 

complex. Krams’s (1985) functions of mentoring was a good place to start in 

understanding the mentoring relationship. Kram (1985) expanded on earlier 

organizational studies and was the first to articulate the dual dimensions of 

mentoring: the career or technical functions and the psychosocial personal 

functions. According to Kram, career functions involve sponsorship, coaching, 

protection, challenge, exposure, and visibility. Psychosocial functions include role 

modeling, counseling, acceptance, confirmation, and friendship. One’s external 

performance is influenced by the career or technical dimensions of mentoring, 

whereas the psychosocial dimensions address one’s internal values and 

attitudes, clarify one’s identity, and enhance one’s feeling of competence (see 

Table 1).Subsequent studies have supported Kram’s findings with regard to the 

career and psychosocial functions of mentoring (Chao, Walz & Gardner, 1992; 

Noe, 1988). 
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Table 1  

Kram’s Functions of Mentoring 

Career Psychosocial 

Sponsorship Role modeling 

Exposure Acceptance 

Visibility Counseling 

Coaching Confirmation 

Protecting Friendship 

Challenge 

Notes: From: Zellers, D. F., Howard, V. M, & Barcic, M. (2008, September). Faculty Mentoring Program: Reinvisioning 

Rather Than Reinventing the Wheel. Educational Research, 78(3), 552-558. Doi: 10.3102/0034654308320966. 

Conceptual Framework 

Science Identity 

Most STEM majors develop their interest in science during K–12 

education and tend to lose interest in science during their college years (Russell 

et al., 2007; Schultz et al., 2011). According to Carlone and Johnson (2007), 

students may lose interest in STEM not only because of the difficulty of the 

STEM curriculum, but also because of a lack of satisfying social relationships 

surrounding STEM pursuits. 

Carlone and Johnson (2007) developed a grounded model of science 

identity using research on successful women of color in science. Based on 

qualitative studies, they formulated the following perception, individuals with a 

strong science identity to be someone who demonstrates competence in the 
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discipline through one’s knowledge and understanding of science content. Such 

individuals also possess the necessary skills for the performance of relevant 

scientific practices (e.g., application of scientific tools, engage in scientific talk). 

Finally, these individuals achieve recognition by acknowledging oneself and 

being recognized by meaningful others as a “science person.” 

Findings from Lee (1998) and Merolla et al. (2012) have found that STEM 

enrichment programs such as mentoring can increase the salience of a science 

identity. These studies, according to Lee (1998) and Merolla et al. (2012), also 

support the idea that STEM enrichment programs have an effect on science 

identity because these programs provide students with social relationships based 

around scientific pursuits. For instance, Maton et al. (2000) noted that the most 

commonly reported positive aspect of training programs for participants in the 

Meyerhoff Program was being a part of the program community and having the 

chance to interact and develop relationships with other science students 

(Maton&Hrabowski, 2000). 

Current research (Carlone& Johnson, 2007; Egan et al., 2012; Lee 1998, 

2002; Merolla et al., 2012) provide evidence that students who participate in 

STEM enrichment programs are more likely to identify with science, exhibit 

positive attitudes toward science, and maintain an interest in a STEM career. 

Numerous studies have supported the contention that persistence in 

STEM education not only requires mastering the technical skills needed to be a 

scientist, but also entails a social psychological process by which students begin 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R11
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R16
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R36
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R37
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R44
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to see science as a relevant part of their identities (Carlone& Johnson, 2007; 

Egan et al., 2012; Hanson, 1996; Hazari et al., 2010; Johnson et al., 2011; Lee, 

1998, 2002; Merolla et al., 2012; Syed et al., 2011). Further evidence indicates 

that this outcome is particularly true for female and minority students who may 

encounter a “chilly climate” in which their opinions and efforts are discounted in 

scientific domains that are culturally constructed as masculine or white 

(Brickhouse & Porter, 2001; Lee, 1998, 2002). 

Science Identity and STEM Outcomes 

The bulk of research on the links between science identity and student 

outcomes has been conducted using advanced graduate students engaged in 

enrichment programs. According to Chemers et al. (2011) and Merolla et al. 

(2012), several studies have shown that science identity measures can serve as 

mediators of the effects enrichment program participation have on attitudinal 

outcomes. Empirical evidence indicate that science identity is an important 

aspect of sustained interest in science and science related fields, and may 

mediate enrichment program (mentoring) effects on such subjective outcomes. 

Science identity is related to students’ feelings about science, interest in STEM, 

and intention to continue in STEM (Chemers et al., 2011; Hazari et al., 2010; 

Lee, 1998, 2002; Merolla et al., 2012). 

In sum, current research indicates that participation in STEM enrichment 

programs increase students identification with science. Moreover, research has 

found that identification with science is associated with attitudinal outcomes such 



 

19 
 

as student interest and intention to pursue graduate school and science careers 

(Merolla & Serpe, 2013) However, a critical question remains as to whether 

science identity is related to the decision to enter a STEM graduate program, and 

whether science identity functions as a mechanism linking enrichment program 

participation to graduate school matriculation. 

Contribution of Historically Black Colleges and Universities to Black College 

Student Success 

Science, technology, engineering, and mathematics are areas designated 

as STEM disciplines. There is national and international attention being given to 

these fields, as they are the foundation for partnerships and alliances in the 

global economy. Education beyond high school is necessary to achieve desired 

levels of competency and efficiency in STEM fields. Despite the demonstrated 

need, there is a shortage of individuals trained in these areas, especially women 

and ethnic minorities (BHEF, 2006). Contributing to this shortage is the trend that 

roughly half of those students who display initial interest in majoring in science 

disciplines change their plans within the first two years of undergraduate study, 

and very few non-science aspirants become science majors (Center for 

Institutional Data Exchange Analysis, 2000). Historically Black Colleges and 

Universities (HBCUs) have contributed meaningfully to addressing the void of 

qualified STEM educators and researchers (Allen, 2002). 

HBCUs have consistently produced the highest number of science 

baccalaureates for African Americans and Latina/os (Li, 2007; Provasnik& 
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Shafer, 2004; U.S. Department of Education, National Center for Education 

Statistics, 2002) and the National Institute of Health has typically funded 

undergraduate research programs in science at these institutions. What is 

distinct about student experiences in these contexts? First, Allen (1992) found 

that African American students were more satisfied with faculty-student contact 

at HBCUs. In addition, African American students at HBCUs tend to be more 

satisfied with their sense of community and student-to-student interactions 

relative to Black students at Predominantly White Institutions (Outcalt& Skewes-

Cox, 2002). Also, according to (Abraham et al. 2002; Zamani, 2003), HBCUs 

have promoted more inclusive campus climates which increases the cultural 

continuity between minority students and the institution.  

Success can be a struggle for college students of every race and ethnicity 

across the spectrum of institutions (Arum & Roksa, 2011; Tinto, 2012). However, 

struggle for success is particularly acute for a vast number of many African 

American students. Areas of concern include equitable access to college 

(Posselt et al., 2012), learning and overall development during college 

(Kimbrough & Harper, 2006; Museus et al., 2011), and graduation from college 

(Knapp et al., 2011). 

Specific to students in the sciences, high institutional selectivity is typically 

associated with decreased retention in the field for all students but it is 

associated with increased URM retention in these fields at HBCUs (Chang et al., 

2008). Chang et al. (2008) also argue:  
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More selective HBCUs appear to approach the process differently and 

seems to focus less on further ‘weeding out’ students. Once a rich talent 

pool has been identified, they seem to do a better job of socialization and 

cultivating that talent to improve students’ chances of succeeding in the 

sciences. 

Over recent years, scholars (Arroyo, 2010; Cokley&Chapman, 2008; 

Fleming et al., 2008; Guiffrida, 2005, 2006; Kuh& Love, 2000; Ladson-Billings, 

1995; Museus&Quaye, 2009; Palmer et al., 2011; Petchauer, 2009; Steele, 1997; 

Watkins, 2005) have introduced many conceptual contributions of varying 

sophistication and significance with relevance to Black college student success. 

As a result, the literature provides a multifaceted theoretical base for working with 

this population. However, no extant conceptual work related to Black student 

success deals sufficiently with institutional responsibility. Many institutions 

appear to be content to practicing what Harper (2009) calls “institutional 

negligence” by failing to take seriously the education of Blacks beyond lip 

service. 

According to Withman and Bensimon (2012), many institutions focus on 

the remediation of underachieving students as though they were ill, rather than 

focusing on what may be all so common, an institutional base issue whose 

primary aim should be to promote equitable student success. The deficit 

stereotype associated with these students is, they are viewed as substantial 
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learners who are failing the institution when the reverse might be true; the 

institutions are failing them. 

Rather than blaming so-called underperforming African American 

students, understanding the essential institutional components and processes for 

facilitating their success is imperative. Despite research that shows the 

significance of extra campus support systems such as family in encouraging 

African American students (Guiffrida, 2005; Harper, 2012; Palmer et al., 2011), 

over 20 years ago Allen (1992, p. 40) challenged educators that the setting itself 

could “either facilitate or frustrate the academic achievement of Black students,” 

and “current research suggests this has not changed” (Museus & Quaye, 2009). 

This theory is unique in that it directs institutions in embracing their 

responsibility for the equitable success of Black students, because such a theory 

does not exist in the literature. There are existing theories, but they are either too 

focused on student responsibility or too Eurocentric in their institutional 

orientation. 
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Conceptual Model: An HBCU-Based Educational Approach for Black College 
Student Success 

Figure 1 depicts an HBCU-based educational approach for Black college students’ success. A supportive environment 

forms the framework of the model from which all other components are based upon. 

Based on the original work of Fleming (1984), an environment is deemed 

as being supportive when: 

a. Students have many opportunities for friendship with peers, faculty, 

staff, and   counselors beyond the classroom. 

b. Students are free to engage in extracurricular campus life, including 

satisfying positive, power motives and holding leadership positions. 
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c. Students feel a climate of academic development so that “an individual 

can achieve feelings of progress.” 

Current research continues to find a positive environment for Black 

students at HBCUs (Allen et al., 1991) despite Fleming’s outdated work. There 

exists greater levels of campus interpersonal relationships and social networking 

(Davis, 1991), wellness (Spurgeon & Myers, 2010), and sense of family and 

brotherhood (Jett, 2013). 

Figure 1 also posits that HBCUs welcome diverse applicant populations, 

which include students from a range of experiences and backgrounds, through 

relatively accessible tuition and admission policies. HBCUs concentrate on 

educating a variety of students alongside each other. 

Evidence suggests that HBCUs offer competitive learning opportunities. 

Some have their own unique programs that could serve as replicable models 

(Brown, 2008), and others have formed partnerships with majority schools to 

advance their students education (Hammond & Davis, 2005; Oder, 2009; 

Stewart, 2011; Virginia Consortium, 2011; Walker et al., 2007). How are HBCUs 

able to contribute to achievement? Gallien and Peterson (2005) contend that 

HBCUs are different in the teaching process itself by incorporating traditional 

interventions for learning along with culturally relevant pedagogy (Boykin, 1983; 

Watkins, 2005). 

In addition to achievement, another leading component of Figure 1 is 

identity formation. HBCUs generally seem to place emphasis on formation of 
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student identity, and self-concept on at least three levels: race/ethnic, intellectual, 

and leadership. Cokley (2002) did a comparative study with PWIs finding HBCU 

students exhibited greater intellectual confidence when compared to PWI 

students. How is this accomplished? One way this is accomplished is by 

providing ample same-race role models. Also, Black instructors (Rucker 

&Gendrin, 2003; Jet, 2013) and external role models (Palmer & Gasman, 2008; 

Thompson, 2008), such as Black guest speakers, tend to make these students 

comfortable in their own skin and improve as intellectuals. HBCUs enhance 

student identity by affording them leadership opportunities on campus.  

The final aspect of this theorized HBCU educational approach (Figure 1) is 

values cultivation. HBCUs place emphasis on cultivating a set of traditional 

African American moral principles and norms, with the goal of developing citizens 

of competence and character. By many accounts, the traditional HBCU values 

system combines conservative and progressive components. Progressivism is 

associated with the social piece at HBCUs. These institutions emphasize societal 

change (Sydnor et al., 2010). They focus on stakeholders, from students 

(Douglas, 2012; Lott, 2005) to presidents (Ricard & Brown, 2008), whereas PWIs 

focus on research and scholarship. HBCUs’ view of conservatism (i.e. moral and 

social curriculum) is pivotal in their students’ success. 

Achievement, identity formation, values cultivation and the development of 

moral persons contributes to the holistic success of students attending HBCUs.  

According to the United Negro College Fund (2008), 70% of Black dentists and 
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physicians, 50% of Black engineers, 50% of Black public school teachers, and 

35% of Black attorneys, all graduated from an HBCU. It has also been reported 

that Blacks who go to earn a terminal degree in science or engineering are from 

HBCUs (Burelli & Rapoport, 2008).  Based on this data, HBCUs have been 

deemed responsible for creating the Black middle class (Drewry & Doermann, 

2001). 

Retention Initiatives at Historically Black Colleges and Universities 

Hikes’s (2005) study found that for more than a century, historically Black 

institutions have successfully recruited, retained, and graduated leading 

professionals in countless fields. Accounts are plentiful of those with and without 

means who came to these institutions and were shaped and nurtured by those 

dedicated to their success.  Absent the historical baggage of discrimination and 

incendiary campus climates, historically Black colleges and universities focused 

on a range of strategies to produce graduates who achieve.  Second only to the 

Black church, HBCUs are one of the most highly respected institutions among 

African Americans (p. 27). 

Over the years, the importance of HBCUs has come from a number of 

sources. According to Goldman (1963), Black institutions have close ties with the 

problems of their students which leads them to coming up with the necessary 

means to resolve them. McGrath (1965), on the other hand, found that 

psychological and social factors encourage students to attend Black institutions.  

Pifer (1973) asserts that some Black students simply seem happier at Black 
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institutions. Gurin and Epps (1975, p. 28) found similar findings. They maintain 

that students opt to attend colleges where their personal development is fostered 

and conflict and isolation often experienced on White campuses, are minimized.  

Nonetheless, Watson and Kuh (1996) asserted that African Americans at HBCUs 

benefited more through campus involvement than their counterparts at PWIs. 

Successful Mentoring Strategies Within Historically Black Institutions 

Spence (2005), as cited in Instructing and Mentoring the African American 

College Students, noted that successful mentoring strategies employed by 

historically Black institutions cannot be fully discussed without a close 

examination of the history and mission of these distinct institutions. Successful 

mentoring is expected and practiced by faculty and staff at HBCUs. Their 

founding missions dictated that mentoring would be a core expectation and core 

activity.  

During the beginning phase of historically Black institutions, the following 

educational opportunities were created: broad-based learning, attention to 

varying learning styles, basic remediation, and one-on-one tutoring. A common 

mission of HBCUs required the development of faculty/student relationships that 

expanded the role of teachers beyond mere purveyors’ knowledge but to career 

and academic advisors, role models, personal consultants and surrogate 

parents. Since its inception, the teacher-as- mentor model was adopted and has 

prevailed as a very effective tool to transform the lives of those who enter these 

institutions as students.  Teachers, founders, and staff of the early historically 
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Black institutions have incorporated character traits traditionally associated with 

mentoring into their work. These characteristics continue to run through the veins 

and arteries of today’s distinguished HBCUs (Spence, 2005). 

Both informal and formal mentoring, having gained popularity more than 

150 years ago at HBCUs, have been in the business of developing students. 

Although educational opportunities have changed for Blacks over the years, only 

16 percent of all Black college and university students who choose to attend 

college select historically Black institutions. 

Spence (2005) also noted that the following historically Black institutions 

have had proven success when it comes to educating African American students 

in STEM: Xavier University, Spelman, and Morehouse College. Xavier University 

in New Orleans, Louisiana has been considered the nations’ leader when it 

comes to sending African American women to medical school. Xavier University 

has also received notoriety in graduating the most African American students in 

physics, chemistry, and biology. When asked to explain the success formula at 

Xavier, faculty and staff expressed having belief in their students’ ability to 

succeed. Their approach has been characterized as the “nurture and assist” 

model (Fletcher, 1997), a recognized mentorship model. The philosophy of 

nurture and assist is embraced at the top by the president and woven throughout 

the fabric of the institution. At Xavier, as well as most HBCUs, mentorship is tied 

to the formal advising program as well as other programs that are specifically 

designed as mentorship programs. Mentorship relationships are developed from 
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the pairing of students with a faculty advisor representing their intended major 

upon entry. Faculty are encouraged to get to know the students beyond the 

framework of assisting them with class schedules and course sequencing. 

Xavier University is also known for its peer mentorship program. This 

program pairs upper division students with incoming students that are pursuing 

the same majors and careers as the mentor. Throughout the academic year both 

structured and unstructured peer engagement opportunities are created. Peer 

mentors serve as guides for their younger counterparts as they navigate not only 

the academic environment but the social environment as well (Gallien, 2005). 

At Spelman College, another prestigious HBCU, according to Spence 

(2005), women are told at the point of entry that they are expected to occupy the 

spectrum of the professional ranks and to take on the role of social change 

agents throughout their world communities. In light of the thousands of women 

that have preceded them, these ladies are expected to take on the mantle of 

those that came before them. 

In addition to faculty advising, Spelman College has several structured 

mentorship programs designed to ensure a successful transition through and 

after college. Spence (2005) acknowledges that effective faculty/student 

research mentorships and peer mentorship programs continue to support 

initiatives designed to increase the number of Spelman women in graduate and 

professional schools. Also, ongoing collaboration among faculty and students 

lead to mentoring relationships that impact students’ persistence throughout their 
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tenure as undergraduates and when they enter graduate school. Faculty/student 

collaborations allow for mentoring relationships that sustain students throughout 

their tenure as undergraduates and when they enter graduate schools. 

Throughout the Spelman environment, students and faculty work closely 

together in various configurations of mentorship. Faculty/student research 

mentorship programs create opportunities for faculty and students to work in a 

collegial manner around common interests. The relationships conform to the 

standard conceptual definitions of mentoring. The faculty mentor at Spelman 

College serves as a guide and/or guardian of the student as she develops and 

navigates the challenges and opportunities associated with the pursuit of higher 

education (Spence, 2005). 

Dr. Benjamin Elijah Mays, President of Morehouse College from 1940 to 

1967, was deemed by the late Dr. Martin Luther King, Jr. as his spiritual mentor.  

In awe of Dr. King, Dr. Mays wrote the following: 

Many times during his (Dr. King) four years at Morehouse, he would linger 

after my Tuesday morning address to discuss some point I made – usually 

with approval, but sometimes questioning or disagreeing. I was not aware 

how deeply he was impressed by what I said until he wrote Stride Toward 

Freedom, in which he indicated that I had influenced his life to a marked 

degree. In public addresses, he often referred to me as his spiritual 

mentor. (Carter, 1996) 
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This quote from Dr. Mays demonstrates that mentorship can be so 

informal that unstructured interactions between students and faculty and 

administrators can yield the same level of mutual bonding and engagement as 

very formal structured mentorship programs (p. 62). 

Spelman College, Xavier University and Morehouse College have paired 

with various mentorship programs in an effort to ensure the success of their 

students. Personal and social adaptation concerns are recognized and 

addressed through formal and informal mentorship networks (Spence, 2005) 

Types of Mentoring Relationships: Informal vs. Formal 

Research has shown that mentoring relationships may be informal or 

formal, long-term or short-lived, planned or spontaneous (Luna & Cullen, 1995). 

Informal Relationships 

Informal mentoring relationships are not structured, managed, or formally 

recognized by the institution.  Such a relationship typically develops “naturally,” 

involving the mentor and mentee seeking each other out. This is considered a 

traditional view of mentoring.  According to Murray (2001), those who cling to the 

traditional view of mentoring are few in number, and noted that these intensely 

close, informal relationships are rare in contemporary society. 

Formal Relationships 

Formal mentoring programs were introduced in the 1970s and 1980s, and 

are attributed to organizations (Gunn, 1995; Murray, 2001), and academic 

institutions (Davison, Vance, &Niemer, 2001; Tenner, 2004; Touchton, 2003) in 



 

32 
 

an effort to improve cultural diversity within their ranks. These programs were 

designed exclusively for women and/or minorities to foster equitable treatment, 

promotion, and retention.  This type of program is one approach to provide 

individuals with a venue to cultivate multiple mentoring relationships.   

The most common formal mentoring model is a one-to-one arrangement 

(Chesler&Chesler, 2002; Daloz, 1999; Luecke, 2004; McCauley & Van Velsor, 

2004; Murray, 2001).  Mentees are assigned mentors or mentees select mentors 

from a pool of more senior candidates based on characteristics they have in 

common. Advocates of formal mentoring believe that mentees should select their 

mentors, because their developmental agenda will ultimately define the 

relationship (Allen, Eby, & Lentz 2006a; Wilson, Valentine, & Pereira, 2002). The 

drawback to formal mentoring programs is that, there is less interaction between 

formal pairs and the duration for formal relationships tend to be shorter (Noe, 

1988). 

Current Trends in Mentoring 

The evolution of mentoring has its roots in the business sector.  In the past 

decade, many American businesses have formalized their employee mentoring 

practices in recognition of how organizational context has changed in the three 

decades since Kanter (1977) identified the benefits of informal mentoring among 

managers and professionals. However, the business sector is not alone in its 

concern for the development and retention of its human assets and sustaining a 

competitive advantage; academics face similar challenges. 
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The role of mentor has not always been limited to faculty as many of the 

core functions of mentoring have been shown to be provided by college and 

university staff, senior or graduate students, peers, friends, religious leaders 

and/or family (Kram & Isabella, 1985; Zalaquett & Lopez, 2006). According to 

Philip and Hendry (2000), there are four types of naturally occurring mentoring 

relationships adolescents and young adults may experience: (1) classic 

mentoring (one-on-one relationships between an experienced adult and a 

younger person), (2) individual-team (young group of people look to an individual 

or a few individuals for advice), (3) friend-to-friend (provides a safety net, 

common among women friends), (4) peer-group (among a group of friends, often 

when exploring an issue). 

Peer Mentoring 

Peer mentoring is a model in which participants are equals or colleagues 

of comparative status. Peer-to-peer mentoring capitalizes on the empathy that is 

derived from shared experiences (Chesler, Single, &Mikic, 2003; Luecke, 2004), 

but the drawback is that participants are limited in their depth and breadth of 

experiences (Chesler&Chesler, 2002; McCauley & Van Velsor, 2004).   

E-mentoring 

E-mentoring, the process of using computer-mediated communication 

(CMC) technology as the primary means of communication between mentors and 

mentees, is one of the most widely used forms of mentoring to date. Computer-

mediated technology may be in the form of e-mail, instant messaging, and 
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related technologies. E-mentoring is an ongoing, mutually beneficial relationship, 

whereby a more experienced partner transmits mentoring functions via electronic 

means to a less experienced partner (Ensher& Murphy, 2007; Godshalk, 2007).  

This form of mentoring mimics the traditional style of mentoring, except it is done 

through the use of technology. Also, according to Hamilton and Scandura (2003), 

e-mentoring involves far less real face-time between mentor and mentee.   

The functions received in e-mentoring relationships, such as career 

development (coaching, sponsoring, increasing exposure and visibility, and 

offering protection), as well as psychosocial support (offering acceptance and 

providing counseling, guidance, friendship and emotional support) parallel those 

found in traditional relationships (Kram, 1985; Ragins & Kram, 2007; Scandura, 

1992). Career development and psychosocial support are just as effective as 

traditional face-to-face mentoring (Hamilton & Scandura, 2003). 

Wanberg et al. (2003) expanded on Koberg’s et al. (1988) model. He 

stated the following characteristics may affect mentoring functions and learning 

outcomes: (1) knowledge and skills, (2) demographics, (3) frequency of 

interaction, and (4) experience in mentoring relationships. The choices of these 

variables and/or characteristics are rooted in a myriad of literature, particularly 

the social network theory (Dobrow et al., 2012; Higgins et al., 2007) and CMC 

theory (Carlson & Zmud, 1999; Walther, 1996). Frequent interaction has been 

found to be related to both mentor and mentee perceptions of success (Van 
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Emmerik, 2004a; Waters et al., 2002). Also, interaction frequency has been 

found to increase self-efficacy (DiRenzo, Linneham, Shao, & Rosenberg, 2010). 

A Leaky Pipeline 

Racial and ethnic population changes in the United States continue to 

reshape the American identity and the composition of its workforce.  Despite 

efforts over the past 30 years, only modest improvements in workforce diversity 

in the sciences have been achieved (Antonio, 2002; Mervis, 2005; Villalpando & 

Delgado Bernal, 2002). Ironically, the United States’ role as a STEM field leader, 

along with its rapidly changing demographics, makes it uniquely qualified to 

address the challenges of achieving STEM field diversity that can serve as an 

example for other nations. The increasing challenge to the United States 

leadership position in STEM disciplines functions as the driving force for 

improving STEM education and training outcomes (NRC, 2007, 2011a). 

There are barriers and leaks in the pipeline when it comes to 

underrepresented minorities. However, in order to increase workforce diversity, 

considerable efforts must be made to retain underrepresented minorities (URM) 

in STEM education beginning at the undergraduate level and continuing 

throughout the graduate level. Interventions should begin as early as the 

freshman year and continue beyond the sophomore year, considering the 

underrepresentation of minorities typically begins at the graduate level. 

Increasing the representation of individuals from underrepresented groups 

in STEM fields is a function of pipeline flow (McGee et al., 2012), which is 
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measured as the rate at which trainees enter and advance through the pipeline to 

the workforce. The STEM pipeline analogy represents the long-standing logical 

framework, describing how trainees advance through the scientific educational 

and training process, with success measured by movement from precollege 

levels to more advanced postgraduate levels. The ongoing challenge of 

achieving the desired level of STEM workforce diversity leads us to reimagining 

this pipeline as a vertical structure that is subject to the laws of physics, where 

downward forces, such as poor or insufficient mentorship, oppose the upward 

flow of STEM trainee progression, resulting in STEM attrition. 

It has long been recognized that the STEM pipeline is leaky — a term that 

refers to the unintended loss of trainees from the disciplines. The data below was 

retrieved from the National Science Foundation. The population data include all 

United States residents, regardless of citizenship status. The bar graph below is 

a clear indication of the severe lag of Black students to their White counterparts 

when it comes to earning degrees in science and engineering. According to the 

National Science Foundation, this group of individuals’ remains 

underrepresented at every degree level to their proportion in the U.S. college-age 

population in 2012. This is particularly so at the doctoral level, with Blacks 

earning only 5% of those degrees. Whites, on the other hand, are 

overrepresented among recipients of bachelor’s, master’s and doctoral degrees. 
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Racial/Ethnic Distribution of S & E Degree Recipients by Degree Level: 2012 
(U.S. Citizens and Permanent Residents) 

If doctoral programs focused on the program completion of students, the 

leaky pipeline of underrepresented minorities would be repaired, and the 

numbers of faculty of color would increase (Denecke et al., 2009). 

Summary 

 There is a great deal of literature on workforce diversification and 

underrepresentation of African Americans in STEM-related fields and mentoring. 

The underrepresentation of minorities in STEM has plagued this nation for 

decades with very little progress made when it comes to African Americans.  

Research has focused on the following factors: low test scores, high school 

grades, and not taking advanced science courses. These factors are viewed as 

impeding the progress of these students. Researchers are now focusing on 
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science identity combined with intervention and/or enrichment programs such as 

mentoring in playing a role on the retention, persistence and academic success 

of these students in STEM fields. There also exists empirical research on the 

contributions historically Black colleges and universities (HBCUs) have made on 

the success of African American students. 
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 METHODOLOGY 

Introduction 

This chapter presents the methods for collection of data on undergraduate 

African American STEM students who were enrolled in STEM programs at 

Stillman College and Tuskegee University. The questions and hypotheses are 

presented first, followed by descriptions of the demographics of the students. 

These descriptions will be followed by the statistical methods used to investigate 

the research questions. This study offered the opportunity to examine differences 

in expectations of traits of an ideal mentor of this particular population. This study 

had two primary goals; to explore and compare. It was exploratory in that it 

sought to determine students’ perception of an ideal mentor and it is comparative 

in that it looked at the relationship between the Ideal Mentor Scale Scores and 

Science Identity Scale Scores. 

Research Questions 

The general research questions and their respective hypothesis are listed below. 

Overarching Research Question: What ideal traits do students report as 

being the most important in an ideal mentor that could be a contributing factor in 

their persistence in STEM? 

Specific Research Question One: To what degree do African American 

STEM students at HBCUs identify as a scientist? 

 



 

40 
 

Specific Research Question Two: What is the relationship of IMS scores 

and science identity among African American STEM students at HBCUs? 

Target Population 

The target population of the study were African American undergraduate 

students who were currently majoring in STEM-related disciplines.  

Sampling Procedures 

The participants for this study consisted of a non-random sampling of 

African American students in STEM-related disciplines recruited from two private 

Historically Black Colleges and Universities in the state of Alabama. Selecting 

participants from these HBCUs was due to their large percentage of African 

American students in various STEM-related disciplines. Only students who fit this 

criteria were invited to participate in this study. These students had to have 

access to the internet and email. The participants had to be 18 years of age or 

older, so no parental permission was required. 

Research Design 

This study employed a quantitative survey method and a cross-sectional 

method using Qualtrics. Variables included age, major, gender, classification, 

gender of the mentor, if the student currently had a mentor, and lastly, if the 

student lacked a mentor or had ever been exposed to mentoring.  

Instrumentation 

In order to determine the ideal traits of a mentor as reported by African 

American students, two surveys were used: the Ideal Mentor Scale (IMS) survey 
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(Rose, 2003; see Appendix A) and the Science Identity Scale (SIS) survey 

(James, 2007; see Appendix B). The IMS consists of 28 items on a five-point 

Likert scale that ranks importance, where 1 represents not at all important and 5 

represents extremely important. It was designed to address Anderson and 

Shannon’s (1988) five aspects of mentoring: teaching, sponsoring, encouraging, 

counseling, and befriending. It was developed specifically for mentoring in the 

context of doctoral education, from the perspective of the student’s perception of 

the ideal mentor. Therefore questions #3, 4, and 17 were removed due to the 

questions not being relevant to undergraduates. The IMS consists of three 

subscales that were determined by factor analysis: integrity, guidance, and 

relationship (Rose, 2003). On each of these subscales, a higher score indicates 

students’ increased valuing of the ideal characteristics represented in that 

subscale. The Integrity subscale measures the importance of a mentor to exhibit 

virtue and principled action and be seen as someone to emulate as a role model. 

This subscale consists of 14 items that reflect a humanistic expression of care 

and concern.  
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Table 2  

Integrity Subscale of the IMS 

Integrity Questions  

Presently at this stage in my matriculation, My ideal mentor would…  

3. Help me to realize my life vision.   

5. Prefer to cooperate with others than compete with them.   

7. Respect the intellectual property rights of others.   

8. Be a role model.    

10. Be calm and collected in times of stress.   

12. Treat me as an adult who has a right to be involved in decisions that 

affect me.    

14. Inspire me by his or her example and words.   

17. Accept me as a junior colleague.    

19. Advocate for my needs and interests.    

21. Generally try to be thoughtful and considerate.    

23. Value me as a person.    

26. Believes in me.    

29. Recognize my potential.   

32. Work hard to accomplish his/her goals.  

 

The Guidance subscale measures the importance of a mentor who 

provides practical assistance through the assigning of tasks and activities typical 

of graduate study (Rose, 2003). This subscale includes 10 items and reflects a 

mentoring style based on practical, hands-on help with tasks and activities.  
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Table 3 Guidance Subscales of the IMS 

Guidance Questions   

Presently at this stage in my matriculation, my ideal mentor would…   

1. Show me how to employ research techniques.  

2. Give me specific assignments related to my research problem.   

6. Help me to maintain a clear focus on my research objectives.  

9. Brainstorm solutions to a problem concerning my research project.    

13. Help me plan the outline for a presentation of my research.    

16. Help me investigate a problem I am having with research design.    

27. Meet with me on a regular basis.    

31. Help me plan a timetable for my research.   

33. Provide information to help me understand the subject matter I am 

researching. 

34. Be generous with time and other resources 

 

Finally, Rose (2003) described the Relationship subscale as measuring the 

importance of a mentor’s ability to form a personal relationship including sharing 

of personal concerns, social activities, and worldview. This scale includes 10 

items. 
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Table 4  

Relationship Subscale of the IMS 

Relationship Questions 

Presently at this stage in my matriculation, My ideal mentor would…   

4. Take me out for dinner and/or drink.   

11. Be interested in speculating on the nature of the universe or the 

human condition. 

15. Rarely feel fearful or anxious. 

18. Be seldom sad or depressed.   

20. Talk to me about his or her personal problems.   

22. Be cheerful, high-spirited person.   

24. Have coffee or lunch with me on occasion.   

25. Keep his or her workspace neat and clean.   

28. Relate to me as if he/she is a responsible, admirable older sibling.   

30. Help me to realize my life vision.   

 

Seven demographic items were added to determine age, major, gender, 

classification, gender of the mentor, if the student currently had a mentor, and 

lastly, if the student lacked a mentor or had ever been exposed to mentoring. 

The SIS was developed to determine the influence of science enrichment 

programs on students’ social identity as a learner of science (referred to as 

science identity). SIS items were modeled after Oyserman’s (2001) Racial and 

Ethnic Identity subscales and includes questions that emphasize connectedness, 
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embedded achievement, and awareness of racism, as they pertain to science 

learning. The scale consists of 13 questions on a seven-point Likert scale that 

ranks importance, where 1 represents strongly disagree and 7 represents 

strongly agree. Eight of the questions were from the original researcher. This 

researcher included five additional questions (#2, 3, 11, 12, and 13) to address 

important aspects of the current study: persistence, STEM, mentoring, and 

HBCUs. 

Procedures 

Upon approval from the University of Southern Mississippi’s IRB 

Department, the researcher contacted via email the department chair from 

Stillman College and the vice-president of data management (VP of DM) from 

Tuskegee University asking permission to recruit participants from various STEM 

courses for this study. The email included the researcher’s approval letter from 

the Institutional Review Board (IRB) at the University of Southern Mississippi, an 

invitation detailing the aspects of the study, and the Qualtrics link to both 

surveys.  Consequently, the department chair at Stillman College emailed the 

IRB approval letter, invitation to the study and the link to both surveys to STEM 

professors asking each of them to allow their students majoring in STEM to 

participate in the study.  

The researcher was advised by the IRB director at Tuskegee University to 

forward the link to both surveys to the VP of DM. The VP of DM then contacted 

the researcher via email asking for additional information: what classification 
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level was needed, if the researcher was seeking only STEM majors, and the 

number of participants needed for the study. Once the researcher provided the 

answers; the VP of DM informed the researcher that she would contact STEM 

professors and forward the link containing both surveys to them. 

Students were administered the IMS and SI surveys through Qualtrics 

(Qualtrics, Provo, UT) in October and November, 2017. Student participation was 

voluntary and they could drop out of the study without any penalty at any time. To 

maintain confidentiality, students identified themselves with their own personal 

passwords associated with their email accounts. 

The researcher collaborated via email with both the department chair at 

Stillman College and the VP of DM at Tuskegee University with updates 

pertaining to the response rate. The final results for the surveys from both 

institutions were gathered in late November.  

Data Analysis 

SPSS version 23 was used to analyze the data. Descriptive and statistical 

comparisons of means were used to answer the Overarching Research Question 

and Specific Research Question 1. Relationships among variables were 

examined utilizing Pearson’s correlation to answer Specific Research Question 2. 
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 PRESENTATION AND ANALYSIS OF DATA 

This chapter is a presentation and analysis of data used to answer three 

research questions. 

1. Overarching Research Question: What ideal traits do students report as 

being the most important in an ideal mentor that could be a contributing 

factor in their persistence in STEM?  

2. Specific Research Question One: To what degree do African American 

STEM students at two HBCUs in Alabama identify as a scientist as 

determined by Science Identity Scale Scores (SIS)? 

3. Specific Research Question Two: What is the relationship of Ideal Mentor 

Scale Scores (IMS) and Science Identity Scale Scores (SIS) among 

African American STEM students at these HBCUs? 

Statistical analysis was conducted using Qualtrics survey software through 

the University of Southern Mississippi and later transported into IBM SPSS 

statistics version 23 to be analyzed. Data was exported from Qualtrics into an 

Excel spreadsheet where the data were cleaned. Data were visually analyzed for 

missing data, inconsistencies, and outliers. Missing data were coded as 999.  

After initial cleaning, data were exported into SPSS for analysis. Each instrument 

was scored. The IMS was scored according to the scoring protocol established 

by Rose (2003). The three subscales (Integrity, Guidance, and Relationship) 

were identified and scored by averaging the items for each scale. The SIS score 

was calculated by averaging the responses of each category for each item. 



 

48 
 

Data were initially analyzed using measures of central tendencies (mean, 

median, mode, range, and standard deviation) and to further check for outliers 

(there were none). Data analysis also included Pearson Correlation to determine 

the relationship between IMS and SIS scores. 

 A total of 175 students from both data collection sites participated: 98 from 

Tuskegee University and 77 from Stillman College, both in the State of Alabama.  

No item was answered at 100%. Only 164 participants disclosed their 

classification: 118 (72%) of the participants classified themselves as freshmen, 

18 (11%) as sophomores, 12 (7%) as juniors and 16 (10%) as seniors. Of the 

164 participants, 118 (72%) identified as female, and 46 (28%) identified as 

male. Of the 164 participants, 66 (40%) were biology majors, 29 (18%) were 

computer science majors, 25 (15%) were non-STEM majors, 11 (7%) were 

animal science majors, 10 (6%) were mechanical engineering majors. Twenty-

three (14%) of the participants were majoring in chemistry, mathematics, 

environmental science, marine biology, aerospace engineering, chemical 

engineering, electrical engineering, and microbiology.  
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The IMS includes an item that asked participants to identify whether or not 

they currently had a mentor. Sixty-five of 164 participants (40%) reported that 

they did, 99 (60%) reported that they did not (see Appendix D). Table 8 shows 

these data. 

In response to the question, ‘Have you ever had a mentor,’ 99 of 164 

participants (60%) responded yes (definitely or probably), 22 (13%) responded 

might or might not, and 43 (26%) responded probably not or definitely not. More 

of the participants reported that at some point they had interacted with a mentor 

figure, regardless as to whether or not they were able to identify the relationship 

as a mentor-mentee relationship (see .Appendix D). Table 9 shows these data. 

In response to the question about the gender of the participant’s ideal 

mentor. Ninety-four of 143 participants (66%) reported that the preferred gender 

was female, while 49 (34%) reported that it was male (see Appendix D). Table 10 

shows these data. 

Tables 11 through 20 in Appendix D reveal student responses for 

questions exploring specific traits that students consider important for a mentor 

who could be a contributing factor in their persistence in STEM. Table 11 

provides data regarding teaching them how to use relevant research techniques; 

Table 12 provides data regarding specific assignments related to their research; 

Table 13 provides data regarding maintaining a clear focus on research 

objectives; Table 14 provides data regarding being a role model to them; Table 

15 provides data regarding the mentor’s ability to remain calm and collected 



 

50 
 

during times of stress; Table 16 provides data regarding the mentor’s ability to 

value them as a person; Table 17 provides data regarding the mentor’s belief in 

the student’s worth; Table 18 provides data regarding the mentor’s recognition of 

the student’s potential; Table 19 provides data regarding the mentor’s help in 

realizing his or her life’s vision; and Table 20 provides data regarding the 

mentor’s commitment to work hard to help him or her accomplish goals. Students 

could select how important specific traits of a mentor were to them using the 

Ideal Mentor Scale, a five-point Likert scale ranging from ‘not at all important’ to 

‘extremely important’. 

One hundred thirty-nine (83%) reported that an ideal mentor should show 

him or her how to employ relevant research techniques (see Appendix D). Table 

11 shows these data. 

One hundred twenty-four (74%) reported that an ideal mentor should give 

him or her specific assignments related to their research problem. (see Appendix 

D). Table 12 shows these data.  

One hundred forty-nine (90%) reported that an ideal mentor should help 

him or her to maintain a clear focus on their research objectives (see Appendix 

D). Table 13 shows these data.  

One hundred thirty-seven (82%) reported that it an ideal mentor should be 

his or her role model. (see Appendix D). Table 14 shows these data. 
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One hundred twenty-five (74%) reported that an ideal mentor should be 

calm and collected in times of stress (see Appendix D). Table 15 shows these 

data. 

One hundred thirty-eight (84%) reported that an ideal mentor should value 

him or her as a person (see Appendix D). Table 16 shows these data.  

One hundred fifty-two (92%) reported that an ideal mentor should believe 

in him or her (see Appendix D). Table 17 shows these data. 

One hundred forty-two (87%) reported that an ideal mentor should 

recognize his or her potential (see Appendix D). Table 18 shows these data. 

One hundred twenty-one (74%) reported that an ideal mentor should help 

him or her to realize their life vision (see Appendix D). Table 19 shows these 

data. 

One hundred thirteen (69%) reported that an ideal mentor should work 

hard to help him or her to accomplish their goals (see Appendix D). Table 20 

shows these data. 

Fifty-three (31%) reported that an ideal mentor should rarely feel fearful or 

anxious (see Appendix D). Table 21 shows these data. 

The second research question “to what degree do African American 

STEM students at HBCUs identify as a scientist?” was analyzed and answered 

using frequency data as shown in Tables 22 through 26. Students could select 

how they identified as a scientist using the Science Identity Scale, a seven-point 

scale ranging from ‘strongly disagree’ to ‘strongly agree’. 
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Sixty-two (45%) reported that he or she felt like a scientist when 

conducting science activities in a mentoring program (see Appendix D). Table 22 

shows these data. 

Eighty three (61%) reported that it was important to their family and 

African American community that he or she succeed in science (see Appendix 

D). Table 23 shows these data. 

Eighty- four (60%) reported that people might have negative ideas about 

his or her ability to do science because of their ethnicity (see Appendix D). Table 

24 shows these data 

Eighty-five (62%) reported that if he or she worked hard and got good 

grades, they could become a scientist (see Appendix D). Table 25 shows these 

data.  

Ninety-one of (66%) reported that if he or she succeeded in their science 

courses, they would persist and graduate in STEM (see Appendix D). Table 26 

shows these data. 

Research question three “what is the relationship of IMS scores and SIS 

scores among African American STEM students at HBCUs” was analyzed using 

a Pearson Correlation analysis of scores from each of the instruments (IMS and 

SIS). Pearson r revealed a positive strong to moderate relationship between the 

IMS subscales (integrity, guidance, and relationship). The three were also 

statistically significant. Pearson r did not reveal a relationship between the three 
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IMS subscales and SIS scores, neither was there a statistically significant 

relationship between the two (see Appendix D). Table 27 shows these data. 
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Table 5  

Correlation of the Ideal Mentor Scale Subscales and Science Identity Scale 

Score. 

  Integrity Guidance Relationship SIS score 

Integrity Pearson 

Correlation 

1 .80** .56** .10 

Sig. (2-tailed)  .00 .00 .19 

N 170 170 170 170 

Guidance Pearson 

Correlation 

.79** 1 .52** .05 

Sig. (2-tailed) .00  .00 .55 

N 170 170 170 170 

Relationship Pearson 

Correlation 

.56** .52** 1 .06 

Sig. (2-tailed) .00 .00  .47 

N 170 170 170 170 

SIS score Pearson 

Correlation 

.10 .05 .06 1 

Sig. (2-tailed) .19 .55 .47  

N 170 170 170 170 

** Correlation is significant at the 0.01 level (2-tailed).  

A moderate positive relationship was found between ‘do you currently 

have a mentor’ and ‘have you ever had a mentor. The two were also statistically 
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significant. The relationship between ‘do you currently have a mentor’ and SIS 

score was a negative, weak correlation. This indicates that not having a mentor 

does have a negative impact on the science identity scale scores, but it is not a 

strong relationship. There was not a relationship between ‘have you ever had a 

mentor’ and SIS score, neither were the two statistically significant (see Appendix 

D). Table 28 shows these data.  

Table 6  

Correlations for Mentoring Relations. 

  

Do you 

currently have a 

mentor? 

Have you ever 

had a mentor? SIS score 

Do you 

currently 

have a 

mentor? 

Pearson 

Correlation 

1 .42** -.23** 

Sig. (2-tailed)  .000 .003 

N 164 163 164 

Have you 

ever had a 

mentor? 

Pearson 

Correlation 

.42** 1 -.09 

Sig. (2-tailed) .000  .24 

N 163 164 164 

SIS score Pearson 

Correlation 

-.23** -.09 1 

Sig. (2-tailed) .003 .24  

N 164 164 170 

** Correlation is significant at the 0.01 level (2-tailed). 

The purpose of this chapter was to provide an analysis of the data. The 

data were analyzed utilizing SPSS and the following analytical tests, descriptive 

statistics and Pearson’s Correlation. This data analysis was designed to answer 
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three research questions relating to ideal mentorship and science identity as it 

relates to STEM students at two Historically Black Colleges and Universities in 

the state of Alabama.  
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 DISCUSSION 

Overview 

Chapter five presents a summary of the study’s research design, a 

discussion of the findings, implications, limitations, and recommendations for 

future research and practice. Limitations are presented to help readers 

understand why results may have been affected. Recommendations for future 

research are addressed to provide readers with an overview of how to expand 

and utilize the results.  

The purpose of this chapter is to summarize and discuss the research 

findings for a sample of 175 African American students who were majoring in 

STEM-related disciplines during fall semester 2017 at two private HBCUs in the 

state of Alabama. It begins with a summary of the research findings followed by a 

comparison of findings with general mentoring and science identity literature. An 

additional focus of this chapter is to identify and discuss the implications that the 

findings may have for improving educational experiences as it relates to 

mentoring and science identity, ultimately leading to an increase in students 

advancing and graduating in their designated disciplines. 

Summary of the Study 

This study was guided by the Ideal Mentor Scale and the conceptual 

framework of the Science Identity scale. This study examined undergraduate 

STEM majors’ perception of an ideal mentor. This study also focused on 

students’ perception of themselves as identifying with science as well as how 
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society perceives them as it relates to science. The Ideal Mentor Scale and 

Science Identity scales were used in order to discover approaches for STEM 

programs and directors, STEM professors, and administrators to retain, graduate 

and offer beneficial relationships within such programs in order that these 

students may obtain baccalaureate degrees in STEM. 

Despite the fact there is no clearly defined definition of a mentor nor 

recognizable traits or characteristics of a mentor, the participants in this study 

expressed their personal perception of what is deemed important when it comes 

to ideal traits of a mentor. Consequently they also have a perception of what it 

takes to succeed in their fields as it relates to science identity. 

FINDINGS OF THE STUDY 

Participants Classification 

One hundred-eighteen (72%) of the participants were freshman and 18 

(11%) were sophomores. According to research, this group of students are the 

most likely to exit the pipeline. Therefore, it is imperative to intervene and provide 

these students with the support they need in order for them to persist in science, 

technology, engineering, and math (STEM). According to Wineke and Certain 

(1990), minority students cannot earn graduate STEM degrees if they do not first 

achieve and persist in these disciplines at the undergraduate level. Many 

freshmen with declared or intended STEM majors attend large, lecture-based, 

fast-paced, hierarchically formatted classes (Wineke & Certain, 1990). These 

classes are part of a system within the science, education, and math disciplines 
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that limits access to degrees by “weeding out” those whose academic abilities 

are allegedly not equal to the challenge (Massey, 1992; Seymour & Hewitt, 1997, 

p. 6). These classes are frequently described as difficult, unmotivating, and 

unrelated to whatever initiated a student’s intrinsic interest in science 

(Duderstadt, 1990; Gainen, 1995; Treisman, 1992). Even many well-prepared 

and bright students receive very low grades in these classes (Seymour & Hewitt, 

1997). “From freshman to sophomore year, nearly 50 percent of college students 

who are interested in STEM drop their major and go to something else,” said 

Diandra Prescod (2016, p. 1), assistant professor of counselor education at 

Pennsylvania State University. While students’ reasons for leaving a STEM major 

vary, Prescod said there is one commonality: students do not adequately 

research their major to understand what it entails. 

Participants Major and Gender 

Sixty-six (40%) of the participants in the study were biology majors. This 

was an interesting finding because 118 (72%) of the participants were females. 

Only 46 (28%) of the participants were males. This study supported the findings 

of other studies that concluded females are now attending college and 

graduating at a higher rate than males (Holder, 2009). Also, literature states that 

females are more likely to major in biology, life science, and chemistry (Farenga 

& Joyce, 1999). This is a significant finding because there appears to be a 

relationship between biology majors and the female students in this study.    

http://ed.psu.edu/directory/dup26
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Science, technology, engineering and mathematics (STEM) fields are 

traditionally heavily dominated by males, which is of great concern to universities 

as they try to improve student retention and achievement. According to Zahra et 

al. (2013), females are much more interested in biology and chemistry than in 

physics, whereas the difference is not as extreme for males. Although men still 

outnumber females in engineering and math, one exception to that trend is in the 

field of biology. More than 60 percent of biology majors are female and about half 

of bioscience graduate students are women (Eddy, 2014). According to Holder 

(2009), at the University of California, Davis, like many colleges and universities 

across the United States and in other parts of the industrialized world, “the 

University of California, Davis no longer looks like your father’s campus that was 

heavily populated with males, but it very well may be your daughter’s” says 

Holder (2009, p. 1). 

In the span of a single generation, undergraduate enrollment switched 

from predominantly male to predominantly female. The gender gap is even wider 

among students from low-income families and among underrepresented 

minorities — more than 60 percent of African American and Hispanic students at 

UC Davis are female. Why are there so fewer men attending college now verses 

females? According to Buchmann (2009), one of the biggest splits occur in 

families with a father who had little education or was absent — with sons much 

less likely than their sisters to go to college. Buchmann also indicated that girls 

have long gotten better grades in school than boys, but in the 1960s and 70s, 
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many either did not go to college or dropped out to get married. With declining 

discrimination and a rising divorce rate, women have outpaced men in college 

graduation rates since 1982. “The generation of women who were born in the 

1960s were the first to see their mothers getting divorced and having few options 

in the labor market,” Buchmann said. “Many of these women were likely thinking 

they wanted to avoid that situation by getting a college degree” (p. 3). In 2004, 

women received 58 percent of all bachelor’s degrees in the United States, 

compared to 35 percent in 1960. 

Current and Past Status of a Mentor 

Ninety-nine (60%) reported that he or she did not currently have a mentor, 

whereas sixty-five (40%) of the participants reported having a mentor. This 

finding indicates that perhaps the female students in the study had not identified 

or connected with a mentor, preferably one of like gender. In support of research 

on mentoring, there is a disparity of women mentors in STEM fields, particularly 

in academics which could be a major factor in these students not currently 

having a mentor. This, in turn, can lead to African American female students 

being at a crossroad because many of them prefer same-gender mentors. One 

must also take into consideration that the majority of the participants were 

freshmen whom have not made the connection with an otherwise faculty or peer 

mentor at their institutions.   

Thomas and Hollenshead (2001) noted that for women of color in the 

academy, the establishment of mentoring relationships was minimal at best. 
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Those who have mentors often go beyond their academic area to find such 

support. One of the earliest studies of mentoring among African American 

graduate students was contributed by Blackwell (1983). His findings revealed 

that women were less likely to have mentoring relationships in comparison to 

their male counterparts. 

Sixty-two of the (38%) reported with a definitely yes that he or she have 

had a mentor in the past. On the other hand, 37 (23%) responded yes (probably), 

22 (13%) responded might or might not, and 43 (26%) responded probably and 

definitely not. Some of the participants appeared to be unsure of ever being 

involved in a mentor-mentee relationship although they had interacted with a 

mentor figure. This, in turn, adds to the body of knowledge provided by other 

studies which states that students in STEM fields have varied perceptions of both 

the definition and the perception of mentoring (George et al. 2005).    

Ninety-four (66%) reported that having a female mentor in the past closely 

matched his or her definition of an ideal mentor, whereas only 49 (34%) stated 

that a male mentor closely matched their definition of an ideal mentor. Taking 

into account that 118 (72%) of the participants were female, this indicates that 

same gender mentors were highly rated for females in particular. Studies 

indicated that female students tend to identify and have a feeling of comfort with 

female mentors. Heinrich (1995) examined the mentoring relationships of 

doctoral recipients. Some of the participants in that study referred to mentoring 

relationships with women as a form of mothering. Their relationships with their 
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advisors resembled the “warm relationships” they had with their parents (p. 512). 

Heinrich (1995) also indicated that women “unconsciously transferred aspects of 

their earliest relationships with mothering figures to their relationships with 

women dissertation committee members” (p. 447). 

In another study, Neumark and Gardecki (1998) explored female doctoral 

students and the effects of mentoring by female faculty on the success of these 

students. They found strong evidence to support the idea that having a female 

faculty mentor reduced the amount of time to degree completion for women. 

Reported Ideal Traits of a Mentor 

Measures of central tendencies were done for the subscales. Statistical 

findings of the study indicated that a significant percent of the students with 

regard to the overarching research question: What ideal traits do students report 

as being the most important in an ideal mentor that could be a contributing factor 

in their persistence in STEM? The participants identified 11 of the 34 items in the 

Ideal Mentor Scale (IMS) as being very and extremely important. 

Integrity Subscale 

Participants were more interested in integrity than the guidance and 

relationship subscales in regards to mentoring relationships. According to Rose 

(2003), integrity relates to what students need as a mentee. The participants in 

this study valued five of the fourteen items on the integrity subscale of the IMS as 

being, very and extremely important. The items are listed in their order of 

importance:  
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1) One-hundred fifty-two (92%) reported than an ideal mentor should 

believe in him or her. 

2) One hundred forty-two (87%) reported that an ideal mentor should 

recognize his or her potential.   

2) One hundred thirty-eight (84%) reported that an ideal mentor should 

value him or her as a person.  

3) One hundred thirty-seven (82%) reported that an ideal mentor should 

be his or her role model. 

4) One hundred twenty-five (74%) reported that an ideal mentor should 

be calm and collected in times of stress.  

5) One hundred thirteen (69%) reported that an ideal mentor should work 

hard to help him or her to accomplish their goals. 

One hundred fifty-two (92%) reported that an ideal mentor should believe 

in him or her. When it comes to mutual respect and trust, a study done on a 

group of undergraduates and first year graduate students by Eller et al. (2014) 

noted that it was important to “respect, trust and appreciate each other.” Phrases 

used to describe important qualities of mentors included the words “honest,” 

“trusting,” and “respectful.” One student stated, “Mentors should believe in the 

student and trust the student’s ability” (p. 6). 

One hundred forty-two (87%) reported that an ideal mentor should 

recognize his or her potential. Good mentors are able to identify potential 

strengths and limitations in their mentees and promote their career development. 



 

65 
 

For example, a good mentor “understands what the mentee is trying to 

accomplish in their career, and what their limitations are” (Strauss, et al., 2013, p. 

5). 

One hundred thirty-eight (84%) reported that an ideal mentor should value 

him or her as a person. According to Ambrose et al. (1997) and Muller (1999), 

one of the primary characteristics of effective mentoring includes the ability and 

willingness to value the mentee as a person. 

Kram (1985) reported role modeling as the most frequently reported 

mentoring function. Jacobi (1991) also stated that one of the basic functions of a 

mentoring relationship was role modeling. One hundred thirty seven (82%) of the 

participants in this study approved this finding by agreeing that an ideal mentor 

should be his or her role model. Many authors divide the role of mentor into four 

subsidiary roles (sponsor, coach, role model, and counselor), attributing the 

collective functions of these roles to mentoring (Clutterbuck & Lane, 2004; 

Luecke, 2004; Murray, 2001). 

According to Slaughter et al. (2006) of the Black Caucus and the Society 

for Research in Child Development, one of the needs and requirements for 

mentoring African American students includes suitable role models from similar 

cultural backgrounds who are knowledgeable about academic content in their 

areas.  

One hundred twenty-five (74%) reported that an ideal mentor should be 

calm and collected in times of stress. According to Williams (2017), one of the 
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qualities of a good mentor is to be calm. If you have a mentor that is stressed 

says (Williams), the student will be stressed. This in turn could create an 

environment that is not conducive to learning.  

One hundred thirteen (67%) reported that an ideal mentor should work 

hard to help him or her to accomplish their goals. Ramirez (2012) reports that 

when it comes to college students, a mentor’s role is to encourage the students 

to attain their goals, which may immediately involve graduating, securing a job, or 

pursuing postgraduate education in whatever area that has ignited their passion. 

Chapter two discusses the role and importance of peer mentoring among African 

American students. Heinrich (1995) completed a study on African American 

female graduate students. She stated that when they participated in peer-to-peer 

mentoring with fellow students, the students found their peers to be encouraging 

and they also helped them to reach their goals. 

Jones (2013) reported that based on Rose’s (2003) study, women scored 

higher than men on the Integrity scale. However, females were the majority in 

this study. According to Chickering and Reisser (1993), the development of 

integrity begins in young adults and continues throughout their lifetime. A mentor 

is particularly instrumental in helping students appreciate whether the values they 

espouse align with the behaviors they exhibit. A mentor’s personal integrity is 

likely to be his or her students’ most important inspiration to develop integrity in 

their own lives. 
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Guidance Subscale 

The universal qualities of the ideal mentor can be defined as those 

qualities that almost every student agree are central to the definition of a mentor 

(Rose, 2003). On the IMS, these qualities were represented by those items that 

were rated by most students as being very and extremely important. 

Statistical findings of the study indicated that the majority of the students 

identified three of the ten items on the guidance subscale as being very and 

extremely important. These items are numbered in order of importance: 

1) One hundred forty-nine (90%) reported that an ideal mentor should 

help him or her to maintain a clear focus on his or her research 

objectives. 

2) One hundred thirty-nine (83%) reported that an ideal mentor should 

help him or her to employ relevant research techniques.  

3) One hundred twenty-four (74%) reported that an ideal mentor should 

give him or her specific assignments related to their research problem. 

Ishiyama (2007) examined how first-generation, low-income, and/or 

African American students perceived a formal research-based mentoring 

relationship. Participants were asked about their perceptions of a mentor's role, 

to describe the benefits of a mentoring relationship, and to describe what they felt 

was a good mentoring relationship. Ishiyama also noted that expectations about 

the mentor’s role varied from student to student. Roles such as ‘gives advice 

about careers and graduate school’, ‘guides my research techniques’, ‘listens to 
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my ideas’, ‘helps me find research literature’, ‘stands up for me and works on my 

behalf’ are considered very important. Whereas ‘helps me find internship 

opportunities’, ‘guides selection of my research topic’,’ listens to my personal 

concerns’, ‘is my friend’ are somewhat important. Also, as discussed in chapter 

two (p. 28), faculty/student research mentorship programs create opportunities 

for faculty and students to work in a collegial manner around common interests.  

On the other hand, Ramirez (2012) stated it was very appropriate for a 

student just being introduced to a mentor’s research program to require frequent 

sessions in guiding the mentee in the project. He further states that a mentor’s 

job is to become superfluous to some extent as the mentee becomes equipped 

to solve problems arising in the research project, though the mentee should have 

enough humility to know when to ask the mentor for guidance. 

Relationship Subscale 

The relationship subscale held less value than the guidance and integrity 

subscales. Relationship subscale items relate to personal interactions such as 

outings (i.e., dinner), and personal characteristics of a mentor. The participants 

valued two of the ten items on the ideal mentor scale as being very and 

extremely important: 1) one hundred twenty-one (74%) reported that an ideal 

mentor should help him or her to realize their life vision, and 2) fifty-three (32%) 

reported that an ideal mentor should rarely feel fearful or anxious.  

One hundred twenty-one (74%) reported that an ideal mentor should help 

him or her to realize their life vision. Mentors must learn what students want in a 
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career, what they want for their personal lives, and how their backgrounds might 

be different from their own. That information can then guide the mentor’s advice 

and actions. Some students come to a mentor with clear ideas of what they need 

but may not articulate it clearly. Others may not even realize what areas they 

need to develop or strengthen. Listening carefully to subtext can help mentors 

understand what a mentee needs to succeed. 

Fifty-three (32%) reported than an ideal mentor should rarely feel fearful or 

anxious. As indicated in The Mentoring Partnership of Southwestern 

Pennsylvania Program (1995), both the mentor and mentee may experience 

anxiety during the building stage of the peer mentoring. Very little research has 

been done on dysfunctional mentoring relationships. However, fear and anxiety, 

also known as “toxic relationships”, have been described as psychological 

distress experienced among one or both parties in the mentoring relationship 

(Darling, 1985; Myers & Humphreys, 1985). Marshall (1994) also states fear and 

anxiety are not drawn from the mentoring literature, but rather from literature in 

psychology on abusive relationships. 

The ideal traits revealed by these students in this study clearly shows the 

value they place on certain traits when it comes to mentoring. Also, in agreement 

with Crisp and Cruz (2009), “The open or lacking definition has understandably 

been described by researchers as an opportunity for the functions or 

characteristics of mentoring to be revealed by participants, allowing the definition 

to be reflective or representative of their own academic experience” (p. 528). 



 

70 
 

Science Identity 

In regards to specific research question one: “To what degree do African 

American STEM students at two HBCUs in Alabama identify as a scientist as 

determined by Science Identity Scale Scores (SIS)”, results of frequency data 

indicated that students did not have a strong perception of themselves as 

scientists. This is important because ninety-nine (60.4%) reported he or she did 

not currently have a mentor. This can be traced back to the critical theme in this 

study of the science identity framework which states that students who have 

mentors are more likely to identify with science which will subsequently have an 

impact on increasing their interest in STEM. Recent scholars note that in addition 

to improving students’ academic performance and providing students access to 

research experience with faculty mentors, the success of STEM enrichment 

programs is also enhanced by social psychological processes by which students 

come to identify as scientists (Carlone & Johnson, 2007; Egan et al., 2012; Lee, 

1998, 2002; Merolla et al. 2012). Lee (1998) and Merolla et al. (2012) also 

support the idea that STEM enrichment programs have an effect on science 

identity because these programs provide students with social relationships based 

around scientific pursuits. Race, gender and ethnic identity influence one’s 

science identity. To date, most studies linking science identity to student 

outcomes focus on attitudinal outcomes such as student interest in science or 

student intention to continue in scientific pursuits rather than behavioral 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R16
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R36
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R36
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R37
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R44
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outcomes such as entering a STEM graduate program (Lee, 1998, 2002; Merolla 

et al., 2012). 

I Feel I am Part of a Science Community 

Sixty-two (45%) reported that he or she felt that they were a part of a science 

community when they do science activities in the mentoring program (i.e. 

research, presentations, etc.). Vast amounts of literature report that when 

students are in a social environment with students that have like or similar 

interest, it can lead to a heightened interest in science, increased self-

confidence, increased social skills, a sense of belonging, and academic success. 

The importance of engagement as a component of learning and the relationship 

between engagement and identity are paramount in culture of practice (COP) 

according to Wenger (1998): 

As we participate in the social aspects of learning by being a part of a 

group, our own ideas become incorporated into the community. As we 

learn and become more and more engaged, individual identity is altered 

and we begin to see ourselves as members of the community. (Wenger, 

1998, p. 38) 

How learning communities have become prevalent at many colleges and 

universities particularly HBCUs, was discussed in chapter two. The Meyerhoff 

Program at the University of Maryland Baltimore County received notoriety for its 

success rate in retaining and graduating students in STEM. According to 

Hrabowski, et al. (2000), students placed a high emphasis on the importance of 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R36
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R37
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R44
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R44
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summer research internships and mentoring as contributing factors to their 

academic success. The internships provided hands-on, meaningful research that 

gave students a realistic look at what scientists do. For many Meyerhoff students, 

these experiences helped them confirm their desire to pursue the Ph.D. 

As stated by Dr. Ferguson, Distinguished Service Professor and Chair of 

Technology and Society and the College of Engineering and Applied 

Mathematics at Stony Brook University, cultural organizations such as the 

National Society of Black Engineers (NSBE) play a pivotal role in helping 

students to combat feelings of isolation. However, he believes these programs 

are not enough to provide the long term or sustainable support these students’ 

need in order to succeed in STEM. Another successful program is the Long 

Island Group Advancing Science Education. Intervention for this program begins 

in grade school and continues through graduate school. It has had an immense 

impact on the majority of the student participants. The majority have enrolled in 

PhD and MD/PhD programs in some of the country’s best universities. 

Negative Ideas about My Ability to Do Science Due to My Ethnicity 

Eighty-four (61%) reported that others have negative ideas about his or 

her ability to do science due to their ethnicity. These students are well aware of 

the stigma that underrepresented minorities face when they enter a STEM-

related discipline. Science identity is based on how students view themselves 

and believe others view them as they participate in scientific endeavors. Students 

participate in multiple social communities where they must negotiate their 
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identities back and forth along the rules and values set up by these communities 

(Furman & Calabrese Barton, 2006; Lave & Wenger, 1991). Researchers have 

characterized the language of STEM as reflecting White, middle-class, masculine 

norms, which may be at odds with norms of expression more likely found among 

women and students from historically underrepresented groups (Brandt, 2008; 

Lemke, 2001; Olitsky, 2006); this disconnect can prevent them from identifying 

with STEM (Carleone & Johnson, 2007; Olitsky, 2006; Ong, 2005). 

Modern science as we have come to know it, and as it is viewed in many 

families and schools, has been and is still largely shaped by the ideas, 

experiences, and biases of European middle class males (Aschbacher, Li, & 

Roth, 2010). Thus, we recognize that student science identity involves how one 

sees oneself in relation to this culturally based and biased science, which is 

generally accepted and reproduced in schools and society states (Aschbacher, 

Li, & Roth, 2010). Findings by Bowen and Bok (1998) reflect that some Black 

students “reported to have lost their academic focus by devoting too much 

emotional energy to concerns about what other people were thinking and feeling 

about them” (p. 83). According to Hyde and Mertz (2009), negative race and 

gender stereotypes about ability are particularly salient in STEM fields and may 

convey signals around the inherent or fixed nature of ability. For instance, 

research has noted the “undervaluing” of females and minorities in STEM, with 

lower expectation of their presence among geniuses (Hyde & Mertz, 2009, p. 67). 

Also, students from historically underrepresented backgrounds may be 

https://www.ncbi.nlm.nih.gov/books/NBK368176/
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particularly likely to experience low expectations exacerbated by bias and small 

numbers of students from their group (their token status) in the field (Crisp & 

Cruz, 2009). In STEM fields, underrepresented minorities and women may be 

particularly vulnerable to disengagement (leaving a STEM field of study) due to 

beliefs about their ability to succeed in STEM, even when accounting for prior 

academic preparation (Litzler et al., 2014). When it comes to negative 

stereotypes, students typically become unmotivated and fail to persist which 

impacts their academic performance. 

It is possible that repeated exposure to stereotype threat in STEM courses 

among underrepresented students who intend to earn a STEM degree leads 

these students to “dis-identify” with STEM while at the same time retaining their 

connections to education and college more generally. In doing so, they still may 

be successful in attaining a college degree in another major area, but they would 

be less likely to attain STEM degrees or aspire to pursue STEM graduate 

degrees or careers (Crocker & Major, 1989; Osborne, 1997, 1999; Steele, 1997). 

Important that I Succeed in Science 

Eighty-three (61%) reported that it is important to their family as well as 

the African American community that he or she succeed in science. 

Hypothetically, the students in the study may have parents and family members 

in STEM-related fields that have encouraged them or had an impact on these 

students in pursuing a degree in STEM. Also, former teachers and peers may 

have influenced these students or perhaps there may have been other factors 

https://www.ncbi.nlm.nih.gov/books/NBK368176/
https://www.ncbi.nlm.nih.gov/books/NBK368176/
https://www.ncbi.nlm.nih.gov/books/NBK368176/
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that sparked their interest in STEM. In other words, not only is their success 

important to them but also to those that may have motivated or encouraged them 

to pursue a STEM-related discipline. The literature provides little doubt that 

students are influenced by their relationships and daily social interactions with 

important people around them (Aschber, et al., 2009).  

 In order for students to succeed, researchers have identified a number of 

factors that are pivotal to the success of these students, such as insight into 

factors in K–12 that support the preparedness of minorities in STEM. These 

factors include early exposure to STEM (Seymour & Hewitt, 1997), self-efficacy 

in mathematics and science (Colbeck, Cabrera & Terezini, 2001; Perna et al., 

2009), and culturally relevant teaching (Ladson-Billings & Tate, 1995). High 

parental involvement also plays a role in student success (Hrabowski & Maton, 

1998). A supportive environment is theorized to form the foundation of HBCU’s 

contributions to black student success (Arroyo & Gasman, 2014).  

Research suggests that contact with faculty outside the classroom, and 

the development of mentoring relationships, including with minority faculty, can 

decrease academic isolation, and contribute to positive outcomes (Allen, 1992; 

Hilton, Hsia, Solorzano, & Benton, 1989; McHenry, 1997; Nettles, 1988; 

Redmond, 1990; Seymour & Hewitt, 1997). Furthermore, increasing the number 

of like-minded, highly able Black student peers can substantially enhance peer 

academic and social support, reduce perceptions of racism, and increase cultural 

comfort in science education and math (SEM) classes contributing to SEM 
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academic persistence and success (Brazziel & Brazziel, 1997; Fries-Britt, 1994; 

Gandara & Maxwell-Jolly, 1999; Garrison, 1987; Nettles, 1988). 

If I work hard and get good grades, I can become a scientist 

Eighty-five (62%) reported that if he or she worked hard and got good 

grades they could become a scientist. Adding to the growing body of knowledge, 

one of the factors that is important to African American students is the notion that 

good grades usually equates to persistence which equates to graduation. Due to 

the high percentage of freshmen level students in this study, they have probably 

been exposed to ‘gatekeeper’ STEM courses. Perhaps the rigor and intense 

nature of these courses have increased students’ realization that they’ve got to 

work hard in order to get good grades. Multiple studies have shown significant 

positive effects of interventions that target students' beliefs about their ability to 

succeed in STEM by suggesting that the causes of low grades are unstable (i.e., 

related to effort rather than ability) (Snipes et al., 2012). For example, in an 

intervention developed by Wilson and Linville (1985), some struggling first-year 

college students were shown videos of college seniors discussing how their 

grades were low in their first year but had improved over time through hard work 

(Snipes et al., 2012). Ferguson (2002) completed a study with over 40,000 

students with one of his findings being that African American students reported 

that their friends believed it was “very important” (56%) “to study hard and get 

good grades” (p. 35). 

https://www.ncbi.nlm.nih.gov/books/NBK368176/
https://www.ncbi.nlm.nih.gov/books/NBK368176/
https://www.ncbi.nlm.nih.gov/books/NBK368176/


 

77 
 

If I succeed in my science courses I will persist and graduate in my STEM 

discipline 

Ninety-one (66%) reported if he or she succeed in their science courses 

they would persist and graduate in their STEM discipline. Scholars have 

uncovered numerous interrelated correlates of persistence in STEM, which can 

be categorized as family background characteristics/socio-economic status 

(SES), academic history, and level of interest in STEM (Merolla & Serpe, 2013). 

Therefore, it would be interesting to know from this study the number of students 

that are first-generation college students and those that are from households with 

college educated parents. Several studies have indicated that first-generation 

college students are more likely to persist in STEM and go on to graduate school. 

According to Benderly (2015), the desire to earn a good income and improve 

their financial status motivates first-generation college students more strongly 

than it does students with college-educated parents. First-generation college 

students (i.e., those from families in which neither parent attained any education 

beyond high school) were less likely to choose a math or science major 

according to Chen and Carroll (2005). On the other hand, most research 

literature indicates that students from families with higher incomes and more 

highly educated parents are more likely to persist in education compared to their 

less advantaged counterparts (Goyette & Mullen, 2006; Grandy, 1998; Lee, 

2005; Paulsen & St. John, 2002; Sirin, 2005; Vartanian et al., 2007). 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5332037/#B4
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R22
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R23
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R38
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R38
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R49
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R58
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R68
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The Relationship between the IMS and the SIS Scores 

In regard to specific research question two: “What is the relationship 

between IMS scores and SIS scores among African American STEM students at 

these HBCUs,” one hundred seventy-five students from two HBCUs were 

surveyed about their perception of an ideal mentor based on the assessed 

values of the IMS subscales; guidance, integrity and relationship. In order to find 

the relationship between the IMS scores and SIS scores, Pearson r Correlation 

was done. The Pearson r data analysis revealed a strong to moderate positive 

correlation between integrity, guidance, and relationship, but not with SIS score. 

There was a statistically significant relationship between the IMS subscales: 

integrity, guidance and relationship. However, there was not a statistically 

significant relationship between the IMS subscales and SIS scores. A positive 

strong correlation was revealed between integrity and guidance. A positive strong 

to moderate correlation was revealed between integrity and relationship. A 

positive strong to weak correlation was found between integrity and the SIS 

score. Pearson r analysis revealed a strong to moderate positive correlation 

between guidance and relationship. A strong but weak positive relationship 

existed between guidance and SIS score respectively. The Pearson r analysis 

revealed a moderate to weak positive correlation between relationship and SIS 

score. Because there is a relationship between the IMS subscales, this confirms 

previous studies that students value the importance of mentoring in STEM-

related disciplines (see Appendix D). Table 27 shows these data. 
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Findings from Lee (1998) and Merolla et al. (2012) have found that STEM 

enrichment programs such as mentoring can increase the salience of a science 

identity. If the findings were accurate, the IMS subscales would have a positive 

effect on science identity. However, causality could not be inferred due to there 

not being enough evidence to support the findings of this study. A number of 

other factors should be taken into account such as decreased response rates on 

the SIS (138 respondents). The scale was originally designed for graduate 

students which could have made some of the questions difficult to answer; also, 

the students may not have understood how science identity is defined or what it 

entails. The participants’ responses to both scales may not have been from the 

same participants. Because the majority of the participants were freshmen it is 

highly likely they do not have a faculty mentor in their respective discipline.  

Correlation for Mentoring Relations and Science Identity Scale Scores 

In order to find the relationship between ‘Do you currently have a mentor,’ 

‘Have you ever had a mentor’ and SIS score, Pearson r correlation was done. 

The Pearson r analysis revealed a strong to moderate positive correlation 

between ‘Do you currently have a mentor’ and ‘Have you ever had a mentor’. 

There was also a statistically significant relationship between the two. The 

Pearson r analysis revealed a strong but negative weak correlation between ‘Do 

you currently have a mentor’ and SIS score. Pearson r analysis revealed a 

statistically significant relationship between ‘Do you currently have a mentor’ and 

SIS score respectively. The Pearson r analysis revealed a moderate to negative 
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weak correlation between ‘Have you ever had a mentor’ and SIS score nor was 

there a statistically significant relationship between the two (see Appendix D). 

Table 28 shows these data. 

Summary 

According to the Science Identity Framework used in this study, students 

exposed to STEM intervention programs with a mentoring component, tend to be 

motivated, confident, have an increased interest in STEM, and display enhanced 

social skills from interacting with other students in STEM-related disciplines.  

Also, these students tend to persist in STEM. All of the above factors are related 

to students’ identifying with science. According to the literature, the bulk of 

research on the links between science identity and student outcomes has been 

conducted using advanced graduate students or students engaged in enrichment 

programs (Carlone & Johnson, 2007; Ong, 2005). Therefore, my contribution to 

the research on science identity gives readers an opportunity to understand the 

relationship between mentoring and science identity among undergraduate 

students attending HBCUs.  

The researcher can do a follow-up study with the freshmen and 

sophomore students during their junior and/or senior year in order to get an 

accurate assessment of their academic success and persistence. 

Limitations of the Study  

The following limitations are acknowledged for this study: 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R11
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932434/#R48
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1. The IMS was extensively long, consisting of thirty-four items. This 

could have impacted the completion of it by participants, which likely 

affected full participation in the thirteen items of SIS. 

2. The study was limited to students attending two HBCUs in the state of 

Alabama. Therefore, the results cannot be generalized to all African 

Americans and/or all students majoring in STEM. 

3.  The study did not include a proportionate number of males (forty-nine) 

and females (one hundred-eighteen), nor a proportionate number of 

freshmen (one hundred-eighteen), sophomore (eighteen), junior 

(twelve) and senior level students (sixteen), which can impact evidence 

of the validity and reliability of this study.  

4.  In regards to those students who currently have mentors and those 

who had contact with a mentor figure in the past, the length of the 

mentoring relationship was not addressed nor was the quantity and 

frequency of contact between the mentor and mentee. This was 

needed to see if students benefited from the mentoring relationship.   

5. One of the disadvantages of a questionnaire is that the respondents 

may not understand a question adequately.   

6.  Freshmen- and sophomore-level students’ perception of an ideal 

mentor may differ from junior- and senior-level students. 

7. Lastly, perceptions of an ideal mentor of female students may differ 

from male students. 
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Recommendations for Future Research 

The following recommendations are made for future research: 

1. Utilize the IMS and SIS across all ethnic groups. 

2. Conduct more studies using SIS. According to Hazari, et al. (2013), 

there are very few studies that explore science identity at the college 

level. 

3. Conduct more studies using SIS specific for each discipline (i.e. 

Biology identity, Chemistry identity, Math identity, etc.) according to 

(Basu, Barton, Clairmont, & Locke, 2009; Hazari, Sonnert, Adler, & 

Shanahan, 2010).  

4. Conduct qualitative research on science identity with focus groups and 

personal interviews.  This would offer more information and opportunity 

from students to express what science identity means to them, when 

and at what point does a specific culture identify with science and why.    

5. Conduct qualitative research on mentoring with focus groups and 

personal interviews. This would offer more information and insight by 

allowing students to verbalize their perception of a mentor in order to 

recognize traits of an ideal mentor. As stated in the rationales of this 

study by George et al. (2005), both faculty and students in science, 

technology, engineering, and mathematics fields had varied views of 

both the definition and perceptions of mentoring. It was further stated 

in the literature review that the open or lacking definition has 
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understandably been described by researchers as an opportunity for 

the functions or characteristics of mentoring to be revealed by 

participants, allowing the definition to be reflective or representative of 

their own academic experience (Crisp & Cruz, 2009). 

 



 

84 

APPENDIX A – Ideal Mentor Scale 
 

Research indicates strong agreement among Ph.D. candidates that the ideal 

mentor would exhibit the following attributes: 

• Be experienced in his or her field. 

• Have a lot of intellectual curiosity. 

• Always be counted on to follow through when he or she makes a 

commitment. 

• Treat research data in an ethical fashion. 

• Communicate openly, clearly, and effectively. 

• Be available to students to discuss academic problems. 

• Challenge students to explore alternative approaches to a problem. 

• Provide honest feedback (both good and bad) to students about their 

work. 

• Express a belief in the student’s capabilities. 

While the above attributes are central to an ideal mentoring relationship, 

we know that often such relationships can encompass a wider variety of 

functions. Furthermore, there are individual differences among undergraduate 

STEM candidates with respect to the type of mentoring functions they prefer. 

The Ideal Mentor Scale was written to help students identify the relative 

importance of several additional mentor functions and characteristics. 

The Ideal Mentor Scale consists of 34 items that reflect aspects of a mentoring 

relationship that may or may not be important to you. Please rate each item 
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according to how important that mentor attribute is to you now, at your current 

stage of your undergraduate program. 

In the CURRENT column please rate your CURRENT ADVISOR/MENTOR 
attributes or function. 
 
In the IDEAL column please rate what your IDEAL ADVISOR/MENTOR attributes 
or functions would be 
 
 

Ideal Mentor Scale Scoring Protocol 
All items are to be scored on a 5-point rating scale ranging from: 

 
1 Not at all important 

2  

3 Moderately important 

4  

5 Extremely important 

 

To calculate the score for each scale, simply add the scores for each item on that 

scale and divide by the number of items. 

Integrity item numbers (14 items):3, 5, 7, 8, 10, 12, 14, 17, 19, 21, 23, 26, 29, 32 

Guidance item numbers (10 items):1, 2, 6, 9, 13, 16, 27, 31, 33, 34 

Relationship item numbers (10 items):  4, 11, 15, 18, 20, 22, 24, 25, 28, 30 
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Interpretation 

INTEGRITY: 

High scores indicate a preference for a mentoring style characterized by 

respectfulness for self and others and empowerment of protégés to make 

deliberate, conscious choices about their lives. Students who score high on 

Integrity desire a mentor who exhibits virtue and principled action and can be 

emulated as a role model. 

 
GUIDANCE: 

High scores indicate a preference for a mentoring style characterized by 

helpfulness with the tasks and activities typical of graduate study. 

 
RELATIONSHIP: 

High scores indicate a preference for a mentoring style characterized by the 

formation of a personal relationship involving sharing such things as personal 

concerns, social activities, and life vision or worldview. 
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Answer each item by circling a number 1-5 according to the following importance rating: 

 Not at all Slightly Moderately Very Extremely 

 Important Important Important Important Important 

 1 2 3 4 5 

Ideal   Current 

1. . . . show me how to employ relevant research techniques. 1 2 3 4 5 1 2 3 4 5 

2. . . . give me specific assignments related to my research problem.  1 2 3 4 5 1 2 3 4 5 

3. . . . prefer to cooperate with others than compete with them.  1 2 3 4 5 1 2 3 4 5 

4. . . . help me to maintain a clear focus on my research objectives. 1 2 3 4 5 1 2 3 4 5 

5. . . . respect the intellectual property rights of others. 1 2 3 4 5 1 2 3 4 5 

6. . . . be a role model. 1 2 3 4 5 1 2 3 4 5 

7. . . . brainstorm solutions to a problem concerning my research project. 1 2 3 4 5 1 2 3 4 5 

8. . . . be calm and collected in times of stress. 1 2 3 4 5 1 2 3 4 5 

9. . . . treat me as an adult who has a right to be involved in decisions  

that affect me. 1 2 3 4 5 1 2 3 4 5 

10. . . . help me plan the outline for a presentation of my research. 1 2 3 4 5 1 2 3 4 5 

11. . . . inspire me by his or her example and words. 1 2 3 4 5 1 2 3 4 5 

12. . . . rarely feel fearful or anxious. 1 2 3 4 5 1 2 3 4 5 

13. . . . help me investigate a problem I am having with research design. 1 2 3 4 5 1 2 3 4 5 

14. . . . be seldom sad or depressed. 1 2 3 4 5 1 2 3 4 5 

15. . . . advocate for my needs and interests. 1 2 3 4 5 1 2 3 4 5 

16. . . . generally try to be thoughtful and considerate.  1 2 3 4 5 1 2 3 4 5 

17. . . . be a cheerful, high-spirited person.  1 2 3 4 5 1 2 3 4 5 

18. . . . value me as a person.  1 2 3 4 5 1 2 3 4 5 

19. . . . keep his or her workspace neat and clean. 1 2 3 4 5 1 2 3 4 5 

20. . . . believe in me. 1 2 3 4 5 1 2 3 4 5 

21. . . . meet with me on a regular basis. 1 2 3 4 5 1 2 3 4 5 

22. . . . relate to me as if he/she is a responsible, admirable older sibling. 1 2 3 4 5 1 2 3 4 5 

23. . . . recognize my potential. 1 2 3 4 5 1 2 3 4 5 

24. . . . help me to realize my life vision. 1 2 3 4 5 1 2 3 4 5 

25. . . . help me plan a timetable for my research. 1 2 3 4 5 1 2 3 4 5 

26. . . . work hard to accomplish his/her goals. 1 2 3 4 5 1 2 3 4 5 

27. . . . provide information to help me understand the subject matter  

I am researching. 1 2 3 4 5 1 2 3 4 5 

28. . . . be generous with time and other resources. 1 2 3 4 5 1 2 3 4 5 

 

29. What is your major (Circle One)? 

Biology Chemistry Physics Physical Science Engineering Mathematics 

30. What is your classification (Circle One)?   Freshman   Sophomore   Junior   Senior 

31. What is your gender (Circle One)?   Male      Female 
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32. Do you currently have a mentor (Circle One)?  Yes  No  

33. What is the gender of your mentor?    Male      Female 

34. Have you ever had a mentor?    Yes      No 

35. What was the gender of your mentor that most closely matched your definition of an ideal 

mentor? Male     Female 
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APPENDIX B – Science Identity Scale 
 

All items are to be scored on a 7-point rating scale ranging from: 
 

 1 2 3 4 5 6 7 

 Strongly Disagree Somewhat Neither Somewhat Agree Strongly 
 Disagree  Disagree Agree Nor Agree  Disagree 
    Disagree 

 

Science Subscale Questions  

1. I have a lot of pride in what African Americans have done and achieved in science 

2. I feel close to other African Americans that have the same major as myself. 

3. I feel that I am part of a science community because I do science activities in the 

mentoring program (i.e. research, presentations, etc.).  

4. I feel that I am part of a science community because I do science activities in school.  

5. It is important for my family and the African American community that I succeed in 

science. 

 6. If I work hard and get good grades in science, other African Americans will respect 

me. 

 7. It helps me when other African Americans do well in science. 

 8. People might have negative ideas about my ability to do science because I am an 

African American. 

 9. If I work hard and get good grades, I can become a scientist. 

10. Having a mentor will help me to succeed in science. 

11. Not having a mentor I will succeed in science. 

12. If I succeed in my science courses, I will persist and graduate in my STEM discipline. 

13. If I attend an HBCU (i.e., Historically Black College and University) my ability to do 

science will increase because the majority of my peers and faculty are of the same 

race. 

James (2007) 
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APPENDIX C – Dr. Sylvia James Approval Letter 
 

Ms. Smith: 
 
Please use this email as documentation that I have granted permission for you to 
use the science identify scale developed for my 2007 dissertation (Identity and 
science learning in African American students in informal science education 
contexts by James, Sylvia M. Ed.D., Morgan State University, 2007, 222 pages; 
AAT 3300822) in your dissertation research on the relationship between mentor 
and science identity. I appreciate the courtesy that you have extended in making 
this request and wish you much success with your work. Feel free to share the 
results of your dissertation with me when you have completed your studies. 
Thank you. 
 
Sylvia James 
 
 
Sylvia M. James, Ed.D. 
National Science Foundation 
Director, Division of Human Resource Development (HRD)  
Directorate for Education and Human Resources (EHR) 
4201 Wilson Blvd., Suite 815 
Arlington, VA 22230 
 
Voice: (703) 292-5333 
E-mail: sjames@nsf.gov<mailto:sjames@nsf.gov> 
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APPENDIX D – Descriptive Statistics Tables 
 

Table 5  

What is your classification? 

 Frequency Percent 

Freshman 118      72.0 

Sophomore 18      11.0 

Junior 12         7.3 

Senior 16        9.8 

Total 164    100.0 

 

Table 6  

What is your gender? 

  Frequency    Percent 

Male 46 28.0 

Female 118 72.0 

Total 164 100.0 
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Table 7  

What is your major? 

 Frequency Percent 

Biology 66 40.2 

Marine Biology 1 .6 

Chemistry 1 .6 

Environmental Science 8 4.9 

Mathematics 5 3.0 

Aerospace Engineering 4 2.4 

Chemical Engineering 1 .6 

Mechanical Engineering 10 6.1 

Electrical Engineering 2 1.2 

Computer Science 29 17.7 

Animal Science 11 6.7 

Microbiology 1 .6 

Other 25 15.2 

Total 164 100.0 

 

Table 8  

Do you currently have a mentor? 

 Frequency Percent 

Yes 65 39.6 

No 99 60.4 

Total 164 100.0 
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Table 9  

Have you ever had a mentor? 

 Frequency Percent 

Definitely yes 62 37.8 

Probably yes 37 22.6 

Might or might not 22 13.4 

Probably not 14 8.5 

Definitely not 29 17.7 

Total 164 100.0 

 

Table 10  

What was the gender of your mentor that closely matched your definition of an 

ideal mentor? 

 Frequency Percent 

Male 49 34.3 

Female 94 65.7 

Total 143 100.0 
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Table 11  

An ideal mentor shows me how to employ relevant research techniques. 

 Frequency Percent 

Not at all important 3 1.8 

Slightly important 5 3.0 

Moderately important 21 12.5 

Very important 75 44.6 

Extremely important 64 38.1 

Total 168 100.0 

 

Table 12  

An ideal mentor gives me gives me specific assignments related to my research 

problem. 

 Frequency Percent 

Not at all important 2 1.2 

Slightly important 7 4.2 

Moderately important 34 20.4 

Very important 75 44.9 

Extremely important 49 29.3 

Total 167 100.0 
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Table 13  

An ideal mentor helps me to maintain a clear focus on my research objectives. 

 Frequency Percent 

Slightly important 4 2.4 

Moderately important 13 7.8 

Very important 60 36.1 

Extremely important 89 53.6 

Total 166 100.0 

 

Table 14  

An ideal mentor should be a role model 

 Frequency Percent 

Not at all important 3 1.8 

Slightly important 5 3.0 

Moderately important 22 13.2 

Very important 32 19.2 

Extremely important 105 62.9 
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Table 15  

An ideal mentor should be calm and collected in times of stress. 

 Frequency Percent 

Not at all important 3 1.8 

Slightly important 5 3.0 

Moderately important 35 20.8 

Very important 53 31.5 

Extremely important 72 42.9 

Total 168 100.0 

 

Table 16  

An ideal mentor should value me as a person. 

 Frequency Percent 

Not at all important 2 1.2 

Slightly important 6 3.7 

Moderately important 18 11.0 

Very important 49 29.9 

Extremely important 89 54.3 

Total 164 100.0 
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Table 17  

An ideal mentor believes in me. 

 Frequency Percent 

Slightly important 2 1.2 

Moderately important 11 6.7 

Very important 38 23.0 

Extremely important 114 69.1 

Total 165 100.0 

 

Table 18  

An ideal mentor recognizes my potential. 

 Frequency Percent 

Not at all important 2 1.2 

Slightly important 5 3.1 

Moderately important 14 8.6 

Very important 53 32.5 

Extremely important 89 54.6 

Total 163 100.0 
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Table 19  

An ideal mentor helps me to realize my life vision.  

 Frequency Percent 

Not at all important 3 1.8 

Slightly important 9 5.5 

Moderately important 30 18.4 

Very important 56 34.4 

Extremely important 65 39.9 

Total 163 100.0 

 

Table 20  

An ideal mentor should work hard to help me accomplish my goals. 

 Frequency Percent 

Not at all important 1 .6 

Slightly important 12 7.3 

Moderately important 38 23.2 

Very important 69 42.1 

Extremely important 44 26.8 

Total 164 100.0 
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Table 21  

An ideal mentor rarely feels fearful and anxious. 

 Frequency Percent 

Not at all important 19 11.4 

Slightly important 39 23.4 

Moderately important 56 33.5 

Very important 35 21.0 

Extremely important 18 10.8 

Total 167 100.0 

 

Table 22  

I feel as though I am a part of a science community because I do science 

activities in the mentoring program (i.e. research, presentations, etc.). 

 Frequency Percent 

Strongly disagree 1 .7 

Disagree 9 6.5 

Somewhat disagree 6 4.3 

Neither agree nor 

disagree 

33 23.9 

Somewhat agree 27 19.6 

Agree 32 23.2 

Strongly agree 30 21.7 

Total 138 100.0 
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Table 23 

It is important for my family and the African American community that I succeed 

in science. 

 Frequency Percent 

Strongly disagree 2 1.5 

Disagree 5 3.6 

Somewhat disagree 5 3.6 

Neither agree nor disagree 22 16.1 

Somewhat agree 20 14.6 

Agree 41 29.9 

Strongly agree 42 30.7 

Total 137 100.0 
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Table 24 

People may have negative ideas about my ability to do science because I am an 

African American 

 Frequency Percent 

Strongly disagree 3 2.2 

Disagree 5 3.6 

Somewhat disagree 6 4.3 

Neither agree nor disagree 15 10.8 

Somewhat agree 26 18.7 

Agree 25 18.0 

Strongly agree 59 42.4 

Total 139 100.0 
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Table 25  

If I work hard and get good grades, I can become a scientist. 

 Frequency Percent 

Strongly disagree 1 .7 

Disagree 2 1.5 

Somewhat disagree 4 2.9 

Neither agree nor disagree 15 10.9 

Somewhat agree 30 21.9 

Agree 32 23.4 

Strongly agree 53 38.7 

Total 137 100.0 
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Table 26 

If I succeed in my science courses I will persist and graduate in my STEM 

discipline. 

 Frequency Percent 

Strongly disagree 2 1.4 

Disagree 3 2.2 

Somewhat disagree 5 3.6 

Neither agree nor disagree 15 10.9 

Somewhat agree 22 15.9 

Agree 37 26.8 

Strongly agree 54 39.1 

Total 138 100.0 
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Table 27 

Correlation for Ideal Mentor Scale Subscales and Science Identity Scale Score 

CHAPTER II   Integrity Guidance Relationship 

SIS 

score 

Integrity Pearson Correlation 1 .80** .56** .10 

Sig. (2-tailed)  .00 .00 .19 

N 170 170 170 170 

Guidance Pearson Correlation .79** 1 .52** .05 

Sig. (2-tailed) .00  .00 .55 

N 170 170 170 170 

Relationship Pearson Correlation .56** .52** 1 .06 

Sig. (2-tailed) .00 .00  .47 

N 170 170 170 170 

SIS score Pearson Correlation .10 .05 .06 1 

Sig. (2-tailed) .19 .55 .47  

N 170 170 170 170 

** Correlation is significant at the 0.01 level (2-tailed). 
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Table 28 

 Correlations for Mentoring Relations. 

  

Do you 

currently have a 

mentor? 

Have you ever 

had a mentor? SIS score 

Do you 

currently 

have a 

mentor? 

Pearson 

Correlation 

1 .42** -.23** 

Sig. (2-tailed)  .000 .003 

N 164 163 164 

Have you 

ever had a 

mentor? 

Pearson 

Correlation 

.42** 1 -.09 

Sig. (2-tailed) .000  .24 

N 163 164 164 

SIS score Pearson 

Correlation 

-.23** -.09 1 

Sig. (2-tailed) .003 .24  

N 164 164 170 

** Correlation is significant at the 0.01 level (2-tailed). 
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Descriptive Statistics 

 N Mean 

Std. 

Deviation 

Science Identity Scale (SIS)    

I have a lot of pride in what African Americans 

have done and achieved in science. 

 

138 

 

6.04 

 

1.337 

If I work hard and get good grades, I can 

become a scientist. 

137 5.77 1.296 

If I succeed in my science courses I will persist 

and graduate in my STEM discipline. 

138 5.75 1.404 

Not having a mentor I will still succeed in 

science. 

137 5.67 1.335 

People might have negative ideas about my 

ability to do science because I am an African 

American. 

139 5.64 1.560 

Having a mentor will help me to succeed in 

science. 

138 5.62 1.363 

It is important for my family and the African 

American community that I succeed in 

science. 

137 5.51 1.466 

I feel close to other African Americans that 

have the same major as myself. 

137 5.47 1.345 

I feel that I am part of a science community 

because I do science activities in school. 

139 5.26 1.590 

If I work hard and get good grades in science, 

other African Americans will respect me. 

138 5.25 1.514 

It I attend an HBCU (i.e. Historically Black 

College and University), my ability to do 

science will increase because the majority of 

my peers and faculty are of the same race. 

79 5.25 1.597 

It helps me when other African Americans do 

well in science. 

137 5.12 1.549 

I feel that I am part of a science community 

because I do science Activities in the 

mentoring program (i.e. research, 

presentations, etc.). 

138 5.12 1.490 

 

N Mean Std. 

Deviation 
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Ideal Mentor Scale (IMS)    

An ideal mentor believes in me. 165 4.60 .670 

An ideal mentor helps me to maintain a clear 

focus on my research objectives. 

166 4.41 .739 

An ideal mentor should be a role model. 167 4.38 .949 

An ideal mentor respects the intellectual 

property rights of others. 

168 4.36 .815 

An ideal mentor recognizes my potential. 163 4.36 .859 

An ideal mentor should value me as a person. 164 4.32 .899 

An ideal mentor should treat me as an adult 

who has a right to be involved in decisions 

that affect me. 

167 4.23 .905 

An ideal mentor should inspire me by his or her 

example and words. 

167 4.19 .855 

An ideal mentor shows me how to employ 

relevant research techniques. 

168 4.14 .877 

An ideal mentor should be calm and collected 

in times of stress. 

168 4.11 .954 

An ideal mentor helps me to realize my life 

vision. 

163 4.05 .986 

An ideal mentor provides information to help 

me understand the subject matter I am 

researching. 

164 4.04 .926 

An ideal mentor prefers to cooperate with 

others rather than compete with them. 

166 3.99 1.036 

An ideal mentor generally tries to be thoughtful 

and considerate. 

165 3.98 .956 

An ideal mentor gives me specific assignments 

related to my research problem. 

167 3.97 .881 

An ideal mentor should work hard to help me 

accomplish my goals. 

164 3.87 .914 

An ideal mentor helps me to investigate a 

problem I am having with my research 

design. 

167 3.87 .922 

An ideal mentor is generous with his/her time 

and other resources. 

164 3.85 .963 

 

N Mean Std. 

Deviation 
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An ideal mentor helps me to plan a timetable 

for my research. 

163 3.73 1.054 

An ideal mentor should be a cheerful, high-

spirited person. 

164 3.71 1.073 

An ideal mentor is an advocate for my needs 

and interests. 

166 3.68 1.039 

An ideal mentor should meet with me on a 

regular basis. 

165 3.66 1.085 

An ideal mentor should brainstorm solutions to 

problems concerning my research project. 

167 3.63 1.015 

An ideal mentor should accept me as a junior 

colleague. 

168 3.61 1.003 

An ideal mentor should keep his or her work 

space neat and clean. 

165 3.39 1.151 

An ideal mentor should help me plan an outline 

for a presentation of my research. 

168 3.37 1.086 

An ideal mentor should relate to me as if 

he/she is a responsible, admirable older 

sibling. 

166 3.18 1.309 

An ideal mentor rarely feels fearful or anxious. 167 2.96 1.156 

An ideal mentor is seldom sad or depressed. 165 2.47 1.295 

An ideal mentor should have coffee or lunch 

with me on occasion. 

165 2.25 1.146 

An ideal mentor talks to me about his or her 

personal problems. 

165 2.07 1.175 

An ideal mentor takes me out for dinner after 

work, 

167 1.72 1.097 

Valid N (listwise) 170   
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APPENDIX E – Dr. Gail Rose Permission Letter 
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